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1. Unpacking and Setting up the Radiometer
The following standard components are delivereadidition to the radiometer:

* Host computer with installed operating softwareskdep computer)

* Instrument stand with 8 mounting screws (M8) andstdble feet

» External absolute calibration target (cold load)

» Air flow reduction for winter operation of thermstiabilisation system

» Connector protectors

* Interconnecting cables (main power, data intertat#e), 30 m long

» Powerful dew blower system + external supply

* CD-ROM with retrieval algorithms based on custommeadiosonde data (if provided)
* An optional infrared radiometer

1.1 Radiometer Box

The radiometer system is shipped in two wooden $ofdme contains the radiometer and
blower while the other contains all accessoriesleddo operate and calibrate the instrument.
The radiometer case is fastened to the containéwbystraps as indicated in Fig.1.1. In the
new package version the dew blower is also includdte radiometer transportation box but
all other components like rain sensor and GPS-dweldismounted for transportation.

Fig.1.1: Radiometer and blower packed to the trangpcontainer’s base plate.



RPG’s Atmospheric Remote Sensing Raditarse
PG

1.2 Accessories

Fig.1.2: Accessory box with radiometer stand, caéibon target, heater module, cables ,
GPS, rain sensor and host PC.

Fig.1.3: Folded stand fastened to the side wall goacking of calibration target

The radiometer stand and calibration target aré hastened to the box’ side walls with
ribbons as indicated in Fig.1.3.
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1.3 Instrument Stand

Fig.1.4: Folded instrument stand and clamp bolt.

The radiometer should only be powered when attathé¢lde instrument stan@perating a
radiometer without the stand may overheat the radimeter electronics because the
stand’s mounting plate is used as a heat sink fohé power supply unit located on the
radiometer bottom plate. The stand should be positned at a place where thermal
convection is not blocked by obstacles.

1

Fig.1.5: Assembly of instrument stand.

The instrument stand is shipped in a folded stiitenust be unfolded and stabilised by
fastening the clamp bolts shown in Fig.1.4. Theeer® additional tools required to setup the

-8-
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stand (Fig.1.5). The mounting plate has a tot@ bbles to attach the instrument using screws
(Fig.1.6).

The radiometer housing has six M8 threads on ittobo plate that align with the 8
corresponding holes in the stand’s mounting plate.

A steel plate (not part of the delivery package) be mounted on the bottom horizontal
frame structure, allowing the stand to be loadetth wiones, lead bars etc. ensuring a long
term instrument installation resists even the hest\gtorm conditions.

It is important to balance the radiometer accuratey so that the radiometer bottom plate
(reference plane) is horizontally aligned. Otheenibe reading of the elevation axis during
measurements is not equivalent to the real observatevation angle. The inclination angles
of the elevation axis and the direction normalttare adjusted by inspecting the spirit levels
attached to the stand’s table and changing thel'stdnindividual feet heights (M19 wrench
required).

~Ho ' for
M8 SCrews

I0% vage B
Fig.1.6a: Instrument stand mounting plate with saselocations and adjustable foot for
horizontal plane alignment.

After positioning the radiometer on the stand, theeads in the bottom plate have to be
aligned with the screw holes of the stand’s topeplgight M8 screws are then used to make a
tight mechanical connection.

Fig.1.6b: Spirit levels on tablebase Ite for lemwntal adjutment of the stand.
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1.4 Rain Sensor and GPS Clock

After the radiometer has been screwed on the staedrain sensor and GPS clock can be
mounted. Their location on the radiometer houssnmdicated by corresponding labels. Each
unit has a single waterproof connector for powegapspand data transfer. The rain sensor is
fixed to the housing by two M4 screws and the GB8kcis attached with a clamped rod (see
Fig.1.7).

Fig.1.7: Rain sensor and GPS clock attached to thdiometer housing.

1.5 Dew Blower

Fig.1.8: Dew blower ounting.

The dew blower system is attached to the radion®tealigning its mounting pockets with

the associated mushroom-shaped pins located agtrament housing. The blower must be
slightly pressed against the radiometer and thehdgwn to the rest position. In order to
remove the dew blower from the radiometer lift blewer upwards (about 3 cm) and pull it
away from the radiometer housing. Do not forgetctmnect the control cable to the
radiometer (see Fig.1.9). For UPS operation ofréttometer power supply it is possible to
bypass the dew blower with an external power suppiys supply can be connected to the

-10 -
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dew blower via a separate input and a power sosmgEh selects the external supply or
internal radiometer supply.

Flg 1.9: Electrlcal dew blower connections and extal power supply.

1.5.1 Heater Module

Under high humidity conditions (e.g. fog) the blovadone is not sufficient to prevent the
formation of small liquid water droplets on the noiwave window. Then the air is saturated
with water vapour (100% relative humidity) andhsi$ not able to store more humidity when
flowing over the window surface. To overcome thiehfem RPG has developed a dew
blower heater module. It is attached to the blofs@m the bottom side. The heater is only
powered on when the blower is on full speed (duraig or at high humidity levels).

Mounting flaps

Dew Blower heater module The unit is mounted undeath the dew blower at its air inlet.

-11 -
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Heater mounted to the blower unit. The blower supptord is connected to the heater
instead of the radiometer and the heater is dirgclugged into the radiometer box. The
heater is powered via an AC power cable and conssia&W of power. Voltage: 220 V/AC
(for US or Japanese customers we provide a transfer 110 V= 220 V).

1.6 Electrical Connections

mains
A4 connector

1
-

Fig.1.10: Instrument connectors and sensors (sidg A

-12 -
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) @

A

Fig.1.11: Instrument connectors and sensors on sile

There are only two external connections to theammeéier: The main power cable (90-240 V
AC, 50 to 60 Hz) and the serial interface (RS-28)le to the host computer (e.g. laptop),
see fig.1.10. The interface cable has an 8 pin@con to be plugged into the instrument and
a 9 pin Sub-D connector to the RS232 interfaceheftiost computer. Both connectors are
located on side A of the instrument housing (seelFL0). The optional infrared radiometer is
attached to this side where four mounting threaus iaterface + power connectors are
provided for plug and play installation.

Each radiometer is controlled by its own built-i€ Fembedded PC) which handles all
internal activities like data interfacing with thexternal host PC, data acquisition of all
housekeeping channels and detector signals, clhmyaif elevation stepper, backup storage
of measurement data, automatic and absolute cidibrnarocedures, retrieval calculations etc.

1.7 Airflow Reduction (Thermal Stabilization System)

The radiometer’s receivers are thermally stabililedin accuracy 0£0.03 K. Due to this
extremely accurate stability the receivers canfraaly (without gain calibration) for almost
30 minutes and still maintain an absolute radioimetrcuracy ot0.5 K. This is achieved by

a dual stage control system consisting of a stagullmain cooler (accuracy0.1 K) followed

by a Peltier stage for the receivers.

The thermal stabilisation was tested in an enviremiad chamber in the operating range of —
30°C to +45°C. It was found that0.03 K accuracy for the receiver boards can be taiaied
when an airflow reduction inlay is installed duringnter time (T< -10°C) which should be
removed in summer (see Fig.1.12A). This inlay icluded in the accessories and is used
preferably on the air inlet side (see Fig. 1.12).

-13 -
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Fig.1.12: Installation of airflow reduction inlet br winter operation.
The inlay is intended to be used below —10°C &a alorks up to +10°C.

1.8 Powering up the Radiometer

After all mechanical and electrical connectionsen&een established the radiometer can be
turned on (Fig.1.10: Power ON/OFF switch). The eddaeel PC takes about 60 seconds to
boot and start the radiometer software. This \wiint perform several initialization procedures
like driving the stepper motor to its index pogitidVait at least 30 minutes for warm-up at
operating temperatures >10°C and 45 minutes warnthg at lower environmental
temperatures. The stabilization process can beeateg in the DIAGNOSTICS menu on the
host computer.

During warming up the system actively heats theikers with a total power consumption of
350 Watts. Once the receivers are thermally stadallithe power consumption drops down to
less than 150 Watts.

The dew blower is operated at two speeds. The lowep mode is active under dry
conditions (no rain, rel. humidity less than softevdefined threshold) and consumes about 70
Watts. In high power mode (rain or high humiditydf the blower consumption is 130
Watts.
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2. Theory of Operation

2.1 General Remarks

Atmospheric profiles of temperature, humidity, wimtrection and speed are typically
measured by radiosondes launched from facilitiesntmiaed by the national weather
services. Their operation is expensive and reqxésnded logistics, and hence results in a
poor spatial (several hundred kilometers at best)tamporal (about twice a day) coverage.
Remote sensing of temperature and humidity profitesn satellites yields better spatial
coverage especially over oceans and sparsely geduland areas, however, the obtained
horizontal and temporal resolution is coarse. Dudheir viewing geometry, the vertical
resolution is good in the upper troposphere buertmtites towards the surface. Because
clouds strongly absorb in the infrared spectraiamgeveral satellite instruments (e.g. the
Advanced Microwave Sounding Unit AMSU and the SpkeSiensor Microwave/Temperature
SSM/T sounder) operate in the microwave region whelouds are semi-transparent.
Profiling is achieved by measuring the atmosphendssion along the wings of pressure
broadened rotational lines. The 60 GHz oxygen agitgor complex is typically used for
temperature profiling while the 183 GHz water vapoe is used for the humidity profile.
Because the atmospheric opacity is high for botidbathe problem of the unknown surface
emission is eliminated.

The usefulness of ground-based microwave radionfetryhe retrieval of temperature and
humidity profiles has been proven for quite sonmeetie.g. Westwater et al, 1965; Askne et
al, 1986]. Due to the low maintenance requiremetsicrowave radiometers, continuous
atmospheric profiles can be measured which havéititeest vertical resolution close to the
ground in the planetary boundary layer. This featarextremely important for the evaluation
of (and incorporation into) high resolution numatigveather forecast models of the future.
Due to technical improvements and the intensifysegrch for alternatives to radiosondes,
multi-channel microwave radiometers for the operal profiling of tropospheric
temperature and humidity have been developed inlaitefew years [Del Frate et al, 1998;
Solheim et al, 1998].

An additional advantage of ground-based microwatometers is their sensitivity to cloud
liquid water. Over the land, passive microwave remsensing is by far the most accurate
method to measure the vertically integrated ligwater content (liquid water path, LWP)
other than sporadic and expensive in-situ measurenfeom research aircraft. More than
two decades ago [Westwater, 1978] two channel nagliers were shown to achieve high
accuracy in the retrieved LWP and the integratettmaapour content (IWV).

In the last few years, further improvements to tNgP retrieval have been made by the
inclusion of additional microwave channels [Bosiaind Mallet, 1998] and the combination
of microwave radiometer measurements with otheumplebased instrumentation [Han and
Westwater, 1995]. The potential of deriving clouglid water profiles, rather than just the
column amount, using multi-channel measurementsble@n suggested by Solheim et al.
[1998].

Satellite based remote sensing of LWP over thersceaa well established method [Grody,
1993], however, the inhomogeneous distributionlotids within the satellites field of view
(typical several kilometers), can lead to substhnterrors (von Bremen, private
communications). This effect has mostly been negtefor ground-based radiometers whose
viewing geometry is often assumed to behave asnailpkeam although the spatial and
temporal variability of clouds is high even on ssabelow the resolution of most radiometers
[Rogers and Yau, 1989]. With a typical wavelengtralbout 1 cm, practical considerations
about the antenna aperture size (about 20 cm)tte&dlf-power beamwidths from 2° to 4°
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for conventional radiometers. These beamwidthsespnd to footprints of up to several 100
m at cloud base heights.

Liquid Water Content = 0.2 gm~®, 900 hPa

10.000 H
RPG-TEMPRO
RPG-HATPRO
1.000
RPG-LWP
0.100

T 31.4 GHz
23.8 GHz

Extinction coefficient [1/km]

0.010
G-HUMPRO

0.001

20 40 60 80 100
Frequency [GHz]

Fig.2.1: Atmospheric emission of liquid water, watgapour and oxygen. The frequency
bands marked in blue are utilized by RPG’s radiomet to derive LWP, IWV, Humidity
and Temperature Profiles (full troposphere and badery layer).

Atmospheric water vapour profile information is ided from frequency channels covering 6
GHz of the high frequency wing of the pressure Heveed, relatively weak water vapour line
(22-28 GHz). With a pressure broadening coefficiehtabout 3 MHz/hPa information
between approx. 300 and 1000 hPa can be resolvbdthd spectral measurements. In the
center of the oxygen absorption complex the atmeagpls optically thick and the measured
radiation originates from regions close to the satkter. For frequencies further away from
the line center the atmosphere gets more trangdpamnenthe channels receive radiation which
originates from regions more distant to the radimésee Fig.2.1). Due to the known mixing
ratio and the temperature dependence of the almorpoefficient of oxygen, information
about the vertical temperature distribution is eored in the channels spanning the 8 GHz of
the low frequency side.

For a ground based radiometer pointing to zenitd| defined weighting function peaks for
each frequency are observed (see Fig.2.2b). lekeation angle is lowered, (and hence the
atmospheric path is increased), the peaks shifoweer altitudes. This demonstrates the
radiometer’s superiority in the retrieval of thepétary boundary layer temperature.

The cloud liquid water contribution to the microveasgignal increases roughly with the
frequency squared. It depends on temperature aptortional to the third power of the
particle radius. Therefore measurements at tworatlanone influenced mainly by the water
vapor line and one in the 30 GHz window region léadjood estimates of LWP and IWV
[for example Westwater, 1978].
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Fig.2.2: Weighting functions for the oxygen line cgplex channels.

2.2 Retrieval of Atmospheric Variables

Artificial neural networks (ANN) are increasinglysed for the retrieval of geophysical
parameters from measured brightness temperatuoesefample Del Frate et al, 1999;
Solheim et al, 1999; Churnside et al; 1994). Thay easily adapt to nonlinear problems such
as the radiative transfer in the cloudy atmosph&delitionally, input parameters of a diverse
nature can be easily incorporated into neural nedsvo

We use a standard feed forward neural network [&tirad., 1998] where the cost function is
minimized employing the Davidon-Fletcher-Powella@ithm. The architecture of the ANN
used for the retrieval includes an input layer cstivgg of simulated brightness temperatures
for the PRG-HATPRO frequencies, a hidden layer witbertain number of neurons (nodes)
and an output layer with the atmospheric variabfilenterest (LWP, IWV, temperature, or
humidity profile). To derive the weights betweere thodes of the different layers we
generated a data set comprising about 15,000 pessializations of the atmospheric state,
which was divided into three sub sets; the first tf@ining, the second for generalization
(finding the optimum number of iterations to avaoier fitting), and the third for evaluating
the retrieval RMS. For each output parameter thengh network configuration — number of
nodes in the hidden layer, number of iterations emithl weight — was derived and the
retrieval performance was evaluated using the ttath subset. Generally, it can be stated
that all algorithms developed show no systematiarsr

The data set is based on atmospheric profilesmopérature, pressure and humidity measured
by radiosondes. In order to analyze profiles otudldiquid water content (LWC) from the
radio soundings, we chose a relative humidity tho&s of 95 % as a threshold for the
presence of clouds and calculated a modified at@ab¥/ C-profile as proposed by Karstens
et al. [1994]. Radiation transfer calculations wpegformed for each radio sounding using
MWMOD [Simmer, 1994, Fuhrhop]. A random noise ofKlwas added to the resulting
brightness temperatures to simulate radiometrisendRealistic noise was also added to the
other potential input parameters like the standaeteorological measurements (ground level

-17 -



RPG’s Atmospheric Remote Sensing Raditarse
PG

temperature (Tgr), pressure (pgr), relative humiddgr)) and the cloud base temperature
(Tcl) as derived by an infrared radiometer (if pd=d).

It should be noted that a limitation to ANN algbnt, as to all statistical algorithms, is that
they can only be applied to the range of atmosploamditions, which is included in this data
set. When extrapolations beyond the states includdde algorithm development are made,
ANNs can behave in an uncontrolled way, while senlrhear regressions will still give a
reasonable, although erroneous, result. Quadragieessions offer the robustness of a linear
regression retrieval with the advantage to modatlinearities much better than linear
regressions. In many cases where unusual atmospt@nditions are likely the quadratic
regression is the best choice.

2.3 TEMPRO / HATPRO / LHATPRO Operating Modes

The RPG-HATPRO (and related radiometers) suppaastémperature profiling modes: Full
troposphere profiling (frequency scan across thggemr line) and boundary layer scanning
(elevation scan @ 54.9 and 58 GHz). 22.4 GHz WVinidlty profiling is only available for
the full troposphere mode (HATPRO) due to the latkpaque channels on the water vapour
line at 22.4 GHz. The much more intense water vapoa at 183.31 GHz, observed by the
RPG-LHATPRO, allows for a humidity profiling BL secaing mode.

Elevation
\ Scanning

Hn

H2
~>
H1 >

Fig.2.3: Elevation scanning technique used for bodary layer temperature profiling.

For boundary layer temperature profiling the raddten beam is scanned in elevation
between 5° and zenith (Fig.2.3). At the frequendresise (54.9 GHz and 58 GHz) the
atmosphere is optically thick. The frequencies Weng functions peak at 500 m (58 GHz)
and 1000 m (54.9 GHz), see Fig.2.2. The receiadilgly and accuracy has to be optimized
due to the small brightness temperature variatibas must be resolved in the elevation
scanning method. In the RPG-HATPRO models the vecsi physical temperature is

stabilized to better than 30 mK over the whole aprg temperature range (-30°C to 40°C) to
guarantee a high gain stability during measuremdr®00 sec). The receiver noise
temperature is minimized to be better than 700 Kclwheduces the overall noise level.
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2.4. Vertical Resolution

From the weighting functions corresponding to tagous water vapour line and oxygen line
profiling frequencies, the vertical resolution bétretrieval outputs can be derived:

* Tropospheric temperature profiles (0-10000 m): 20F<5000 m altitude), 400 m
above, profile accuracy: +/- 0.6 K RMS (0-2000 m},1.0 K RMS (>2000 m)

* Boundary layer temperature profiles (0-1200 m), rBOvertical resolution, profile
accuracy: +/- 0.7 K RMS

* Tropospheric humidity profiles (0-5000 m), 200 nmtigal resolution (0-2000 m), 400
m (2000 m — 5000 m), profile accuracy: +/- 0.4 YRMS
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3. Instrument Hardware
3.1 Overview

Fig.3.1 shows a schematic drawing of the innerometer components. The following
functional blocks can be identified:

* Receiver optics comprising a corrugated feedhonegesulated in thermal insulation) for
each frequency band and off axis paraboloid (scenmiirror)

* Two receiver units (22.24-31.4 GHz, 51.3-59 GHz)

* The ambient load as part of the calibration system

* The internal scanning mechanism

* The instrument electronics sections

» Data aquisition system

Scannini
paraboloid beam combine o _
mirror (wire grid) humidity profiler

temperature profiler

Fig. 3.1: Internal structure of the RPG-HATPRO/ RPGHATPRO radiometer.

The optical section is optimized for a beam of appnately 3.5° HPBW (humidity profiler)
and 2.8 (temperature profiler) with less than -30 dB diolee level. It avoids dielectric lossy
elements (like lenses) which helps to reduces stgnglave problems within the quasi-optics
and improves the radiometer stability and calibbrataccuracy. The corrugated feedhorn
offers a low cross polarization level and a rotaidy symmetric beam pattern.

The beams of the two profilers are superimposed pglarizer wire grid and reflected via an
off-axis paraboloid mirror (Fig.3.1). This parabiolas also used for elevation scanning and
calibration. The ambient temperature precisionbeation target is sitting below the scanning
mirror while an external target is needed as aidiaqutrogen cooled calibration standard for
absolute calibration.

The receivers are integrated with their feedhontsare thermally insulated to achieve a high
thermal stability.
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3.2 Receivers

The profiler’s receiver concept is motivated by thikowing design goals:

» The design of the receiver section focuses on maxirthermal and electrical stability, a
compact layout with a minimum of connectors andrritadly drifting components, an
integrated RF design, low power consumption andjitei

* The receivers comprise a reliable calibration syswth precision secondary standards.
The accuracy of calibration target temperature @snand the minimization of thermal
gradients are critical items to achieve an absdittghtness temperature accuracy of 1K.

* In addition to the measurement of humidity and terajure profiles it is desirable to also
derive LWP and IWV data from the water vapour Igpectrum. Since LWP is a rapidly
varying parameter when clouds are passing the éieldew, a high temporal resolution in
the order of seconds is required to resolve thabiity of LWP. Thus the water vapour
line is scanned as fast as possible (1 second).

r
2
>
]
]
-
=]
(]
-

ambient temp.
target

G

off-axis directional

- wire grid
paraboloid o m splitter coupler LNA

&

MUX*|1%2“

22-32 GHz
channels

NI
2 PR
MY BN

:
MM
7 B

=y

microwave
window noise standard

NI
%%
o

dig. control|
and Internal

1/O-Interf. PC

Vv
0

ViV
2 £ B
sllziss

v
R

51.59 GHz directional
channels

MUX*|}&2“

v
7
gl

pin switch

v
7
&

> J
noise standard

Fig.3.2a: RPG-HATPRO schematic receiver layout. Baadiometers are direct detection
systems without the need for local oscillators amikers.

Fig.3.2a shows a schematic of the HATPRO receiystesn. At the receiver inputs a
directional coupler allows for the injection of eepision noise signal generated by an on/off
switching calibrated noise source. This noise digraused to determine system non-
linearities (four point method, described in sattitCalibration’) and system noise
temperature drifts during measurements.

A 60 dB low noise amplifier (LNA) boosts the inpsignal before it is split into 8 branches
(only 7 are currently used). The splitters impleteaveguide bandpass filters (BPF) with
bandwidths and centre frequencies listed in taldla.3
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Fig.3.2b: RPG-LHATPRO 183 GHz water vapour radioreetschematic receiver layout.
The system is equipped with a new 160-200 GHz catibn noise source, allowing for a
full internal auto-calibration without the need foheated or cooled calibration targets.

fJGHz] | 22.24 | 23.04] 23.84 25.44 26.34 27.84 31}40 261. 52.28| 53.86] 54.94 56.6p 57.30 580

b[MHZ] 230 230 230 230 230 230 23( 23 230 230 2B0 600 1000 2000

Table 3.1a: RPG-HATPRO channel centre frequencigsdecorresponding bandwidths.

Fig.3.2b shows a schematic of the LHATPRO 183 Gldrewvapour line receiver system. At
the receiver inputs a circulator allows for theestjon of a precision noise signal generated by
an on/off switching calibrated noise source. Thes@ource generates more than 5000 K
equivalent noise temperature and could also be usg#da directional coupler of -10 dB
coupling factor.

A low noise RPG sub-harmonic mixer (SHM-183-S1F-i@h a typical noise temperature of
400-500 K provides a wide IF-band of 0.2 to 20 Gkth only small sensitivity variations
over the whole band (see Fig.3.2c). A ultra-lowalfplifier boosts the SHM output and
feeds a 6 way splitter to separate the 6 chanfelsdividual BPFs (band-pass filters) with
different bandwidths for sensitivity improvemenglléwed by IF boosters and individual
detector units for each channel, form the pardilielrbank architecture of this receiver. The
band-pass filters’centre frequencies and bandwialtedisted in table 3.1b.

The 183 GHz water vapour receiver is a DSB (doskdeband) heterodyne radiometer with
the LO (local oscillator) tuned to the line cenael183.31 GHz. The mixer's lower / upper
sideband response has been characterized by usthgde & Schwarz network analyzer +
frequency extension for the 170-220 GHz range.3Rgd shows the USB response of the
system calculated from the DSB measurement usieg sideband response weighting
characteristic.

The LHATPRO is designed for ultra-low humidity sit@WV < 1.0 kg/) like high altitudes

or Arctic / Antarctic areas where the highest IFarmel at 7.5 GHz is sufficient for an
accurate LWP detection (accuracy 20 9/mRPG offers a 183 GHz receiver version with an
additional 14 GHz IF channel for improved LWP détat at sites with IWV levels well
above 1.0 kg/fh
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183 GHz SHM RPG-SHM-183-S1F-19 (167-200 GHz)

A Mixer Noise Temperature (DSB), LO: 91.5 GHz
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Fig.3.2c: RPG-LHATPRO 183 GHz SHM performance ové&r bandwidth.

ffGHz] | 183.91| 184.8]] 185.8]1 186.41 1881 190{81 26J. 52.28| 53.86] 54.94 56.6p 57.30 58.p0
b[MHZz] 200 200 200 200 400 500 23( 23D 230 230 6p01000 | 2000

Table 3.1b: RPG-LHATPRO receiver centre frequencasd channel bandwidths.
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Fig.3.2d: RPG-LHATPRO 183 GHz water vapour line aged on Pic du Midi (2977 m
asl) in the French Pyrenees (courtesy of CNRS, Ledtoire d’Aerologie, Observatoire
Midi-Pyrenees).
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The RPG-LHATPRO'’s humidity profiling capabilitieseaby far better than those of the 22
GHz water vapour line based HATPRO instruments épgendix C).
Another class of RPG instruments is using an amfthli calibration standard, called Dicke
Switch (DS). An example of this type is the RPG-BROradiometer:

ambient temp.
target

G
Dicl

f-axi ke . )
off-axis Switch dlrecltlonal

. wire grid
paraboloid beam . p LNA pgpr LNA pet.

W
ﬁ——> —_
90 GHz
channel

pin switch

microwave
window noise standard

dig. control|
and —
1/O-Interf.

Dicke . .
150 GH. Switch directional
q I LNA LNA pBpf LNA

o-DHDIE D>
pinswitch

channel

L NN

noise standard

Fig.3.2e: RPG-150-90 precision LWP radiometer regsi layout. The system is equipped
with a full set of calibration standards (noise die + Dicke switch).

The Dicke switch in ON position terminates the reeeinputs with an absorber which is
stabilized at ambient temperature. Therefore itlbamsed as a calibration target (instead of
the quasioptical built-in target. The advantagéhé the radiometer can continuously perform
a full auto-calibration (see section 4.5) while miig to the scene direction. The elevation
mirror does not have to be moved to a target awam fthe scene. This is ideal for the
continuous (interruption free) observation of LWWRd series with high temporal resolution.

In OFF position the DS is passing the scene sigmdhe receiver input. A very low DS
transmission loss is important in order to remaihigh receiver sensitivity. Typical DS
transmission losses are in the order of 0.5 taB.0

Fig.3.2f. Left: Narrow band 90 GHz y-junction Dické&witch (transmission loss 0.6 dB,.
right: Full W-band Faraday Dicke Switch (transmissn loss 1.0 dB).
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Each channel has its own detector diode. This allfiw a parallel detection and integration
of all HATPRO / LHATPRO channels which implies atfacanning of the water vapour and
oxygen lines. The detector outputs are amplifiedabyultra low drift operational amplifier
chain and multiplexed to a 16 bit AD converter.

The HATPRO receivers (and LHATPRO temperature fmdfiare based on the direct
detection technique without using mixers and lazstillators for signal down conversion.
Instead the input signal is directly amplifiedtdiled and detected. The advantages over a
heterodyne system are the following:

* No mixers and local oscillators required (cost iitun)

» Local oscillator drifts in amplitude and frequeranyoided (stability improvement)

* Mixer sideband filtering not required (cost redan)

* Reduced sensitivity to interfering external sign@mbile phones etc.) due to avoidance
of frequency down conversion

The filterbank concept (parallel channel layout)s hthe following advantages over
sequentially scanning radiometers (e.g. synthesizeeping receivers, spectrum analysers):

» Simultaneous measurements of all frequency channels

* Much higher temporal resolution for all productss€cond)

» 7 times faster calibration procedures

* Individual channel bandwidth selection (importamt houndary layer temp. profiling)

Fig.3.3: Temperature profiling direct detection férbank receiver mounted to the 50-60
GHz corrugated feedhorn. Receiver size: 72 x 200Bxmn7 .
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Fig.3.3 shows the compact realization of the temujpee profiler receiver/feedhorn
combination. A high integration level is achievagedo the use of state of the art low noise
amplifier MMICs for the 20-30 GHz and 50-60 GHz gas, which offer superior sensitivity
performance compared to direct mixers.

The two independent filter banks allow a completeyallel operation of both profilers which
reduces measurement time of humidity and tempergitofiles to a minimum. It has been
shown in field campaigns that the temporal resotutf such profile measurements should be
in the order of 30 to 60 seconds per cycle becawser vapour can be quite variable (e.g.
cloud forming convection cells). The filter banksdg gives superior performance compared
to synthesizer controlled receivers because thetgpe is acquired much faster (in one step
instead of sequentially switching the channels syrgthesizer). The measurement duty cycle
is 100% which is also beneficial for all calibratiprocedures. A gain calibration takes only
20 seconds with a filter bank receiver but 140 sgronds with a synthesizer controlled
radiometer.

The total power consumption of both receiver paekag < 6 Watts. This includes biasing of
RF- and DC- amplifiers, noise diodes, ADCs and tdlgicontrol circuits. The low
consumption simplifies the thermal receiver stahiion with an accuracy of < 0.03 K over
the whole operating temperature range (-30°C td@15

3.3 Detailed Description of Receiver Components

3.3.1 Antenna Performance

To meet the optical requirements of minimum reftetiosses and compactness a corrugated
feedhorn is an optimal choice. It offers a wide daidth, low cross polarization level and a
rotationally symmetric beam. Corrugated feedhoras be designed for a great variety of
beam parameters. The horn should be as small agfeo® reduce weight and costs.

In order to generate a beam with the desired dererg (2.5° - 3.5° HPBW) a focussing
element is needed. The use of a lens in front efftledhorn is not ideal since it introduces
reflections at the dielectric surfaces and losss&lé the dielectric. An off axis paraboloid has
negligible losses and can simultaneously be usedan the beams in elevation.

The sidelobe levels produced by the feedhorn/pémabeystem should be below -30 dBc so
that brightness temperature errors can be kep2 €@ the case that the sidelobe crosses the
sun. A HPBW close to 3° is a compromise with respespatial resolution on one hand and
to the design of a compact, portable instrumentiébd campaigns on the other hand.

BEAN/FPHASE -PATTERN
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Fig.3.4: Left: 2d amplitude distributions of the paboloid/corrugated feed @ 23.8 and 55
GHz. Right: H-and E-plane cuts.

The paraboloid covers a projected diameter of rA50

Frequency [GHz] 22-31 51-59
sidelobe level [dBc] <-30 <-50
directivity [dB] 33.2 38.9

HPBW [°] 3.3-3.7 2.2-2.5

Table 3.2: Optical antenna performance of corrugdtéeed / off-axis paraboloid system.

3.3.2 Noise Diodes

The noise diode is one of the most critical reaeigemponents because the system’s
brightness temperature critically depends on thiéredion reliability. For this reason a
careful circuit design and component selection gseatial. The noise diode meets MIL-
STD202, is hermetically sealed and has been buméar 170 hours in order to achieve a
precisely constant symmetrical white Gaussian néesel. The waveguide circuit layout
including a -20 dB directional coupler guarantdes required mechanical stability needed to
operate the calibration standard for several momitimout recalibration. The thermally
stabilized diode is biased by a self adjustingag@tcurrent source. The directional coupler
offers an isolation of >30 dB to the input signaitlp so that the noise injection does not
significantly affect the antenna temperature. Tieiealent noise temperature injected by the
noise diode is in the range 150K-300K at the isolatput.

3.3.3 RF-Amplifiers

The advances in MMIC technology during recent yéange led to low noise amplifiers up to
100 GHz. A key feature of this technology is thegbility of integrating the receiver into a
compact planar structure without the need for bullgveguide designs. In the frequency
range between 50 and 60 GHz noise figures of 2.amBbandwidth of 10 GHz are available.
Each amplifier comprises a thermal compensatictuitito reduce gain drifts. The amplifier
outputs are equipped with isolators to ensure agrmatching between successive stages.
Assuming a 2.5 dB noise figure for the first amiplifand additional 2.0 dB for losses in the
feedhorn, isolator and directional coupler resuita system noise temperature of 750 K (60
GHz, SSB). With a scene temperature of 300 K treralVRMS noise, assuming a 230 MHz
bandwidth and 1 second integration time) is 0.15 K.
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3.3.4 Bandpass Filters

The receiver channel bandwidths are determined &yeguide bandpass filters integrated
into the filterbank signal splitter section. Thep8le Chebychev-type filters with 0.2 dB
bandpass ripple and 0.5 dB typical transmissioa las/e a cutoff slope of 20 dB/200 MHz.
The high Q design (0.5% rel. bandwidth) is realibgdvaveguide cavity resonators.

3.3.5 Detector, Video Amplifier, ADC

The zero bias highly doped GaAs Schottky detecdimile$s can handle frequencies up to 110
GHz with a virtually flat detection sensitivity fto 10 GHz to 35 GHz. In addition, the
detector diode offers superior thermal stabilityewlcompared to silicon zero bias Schottky
diodes.

The rectified DC-signal enters an ultra stable QRpAcircuit with internal analogue
integrator. The utilized OP-Amps offer a thermaiftdstability of 0.03 pV/°C which is
roughly equivalent to a brightness temperaturet arfif 10 mK/°C assuming a broadband
detector with a sensitivity of 1 mV/uW. The longntestability is 0.2 pV/month.

The 16 bit AD-converter is part of the video amplifs circuit board to avoid noise from
connecting cable pickup. It is optimized for lowwsr dissipation (10 mW) and the high
resolution makes a variable offset- and gain-cémtrthe video amplifier superfluous.

The detector, video amplifier and ADC are integiatgthin a single hermetically shielded
unit which is part of the receiver block (thermadbabilized to an accuracy of <0.03K).

3.4 Additional Sensors

Apart from the microwave receivers the RPG proglliradiometers are equipped with the
following additional sensors:

Environmental Temperature Sensor Accuracy: +0.5°C, used to estimateq,I (mean
atmospheric temperature) needed for sky tippindpi@ion procedure.

Humidity Sensor. Accuracy:+5% relative humidity, used to estimatg, Tmean atmospheric
temperature) needed for sky tipping calibrationcprure.

Fig.3.5: External Sensors: A) humidity and tempetaie sensors, B) rain sensor and GPS
receiver.
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Barometric Pressure SensarAccuracy:+1 mbar, used to estimate, T(mean atmospheric
temperature) needed for sky tipping calibrationcpture and for the determination of liquid
nitrogen boiling temperature (absolute calibration)

Rain Sensor The rain flag of this sensor is used for all meaments as additional
information and for operating the dew blower fapesh

GPS-Receiver Receives UTC time and instrument position. Usedirae standard for exact
temporal synchronization.

Infrared Radiometer (optional): This instrument is attached to the radiometersimau The
interface connection and power supply is providedhe radiometer so that a later upgrade is
possible. The operating software supports the tiae mfrared radiometer including retrieval
development and simple monitoring features.

All meteorological sensors are calibrated withdoe heed for further recalibration. The
chemically inert humidity sensor is protected bgirered and gold plated metal dust filter.
The temperature sensor is permanently exposedldovaof air generated by a fan below the
sensor cage to reduce sensor errors caused dyesdifg.

An infrared radiometer, when added to the radiomsystem, improves the accuracy of
humidity profiling and allows for a rough estimdte liquid water profiles and cloud base
height.

3.5 Other Radiometer Details

In order to fulfil the requirement of low maintem@nregarding absolute calibrations, the
instrument is equipped with a two-stage thermaltrobrsystem for both receivers with an
accuracy oft0.05 K over the full operating temperature rangee b this extraordinary high
stability the receivers can run freely without arglibration (not even the automatic gain
calibration) for 20 minutes while maintaining arsalute brightness temperature accuracy of
+0.5 K. Each receiver is equipped with a precisiors@ standard (long term stability) at its
signal input which replaces the external cold tangethe internal absolute calibration
procedure.

The microwave radome is protected from rain draps$ @dew formation by a powerful dew
blower system. A rain detector and a software a@efihumidity threshold control the dew
blower fan speed. Dew formation on the radome earse significant errors (several K) in the
measurement of brightness temperatures.

The system performs many automatic tasks like ohéasfacing with the external host, data
acquisition of all housekeeping channels and detestgnals, controlling of elevation stepper,
backup storage of measurement data, automaticlzsadude calibration procedures, retrieval
calculations etc. These tasks are handled by d bugmbedded PC with 250 Mbyte disk on
module (DOM) for data storage. This PC is desigioedperating temperatures from —30°C
to 60 °C and is therefore ideal for remote appicatThe software running on this PC can
easily be updated by a password protected filestearprocedure between host and embedded
PC.

The host computer software operates under Windoi4.08, Windows 2008, Windows
XP®, Windows Vist& and Windows 7. A complete host software description is given in
chapter 5.
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3.6 Instrument Specifications

RPG-HATPRO (tropospheric humidity / temperature profiler):

Parameter

Specification

Humidity profile performance

Vertical resolutid200 m (range 0-2000 m)I

400 m (range 2000-5690
800 m (range 5000-106%)(
Accuracy: 0.4 g/mRMS (absolute hum.)
5% RMS (rel. humidity)

Temperature profile performance

Vertical resolut
BL-Mode: 50 m (range 0-1200 m)
Z-Mode: 200 m (range 1200-5000 m)
400 m (range 5000-10000 m)
Accuracy: 0.25 K RMS (range 0-500 m)
0.50 K RMS (range 500-1200 m

0.75 K RMS (range 1200-4000 1n)

1.00 K RMS (range 40Q@0000 m

Liquid water profile performance
(only with IR radiometer option)

Vertical resolution: 250 m (range 0-2000 m

300 m (range 2000-5690]

500 m (range 5000-106%)(
Accuracy:
cloud base height: 50 m (range 0-300 m)

100 m (range 300-1000 n
200 m (range 1000-3690
400 m (range 3000-5690

=)

600 m (range5000-100Q0[m

density: 0.3 g/MRMS
Threshold: 50 g/MLWP

IR radiometer option 9.2-10.6 um band, accuracy 1 K, noise: 0.
RMS

LWP Accuracy: +/- 20 g/m
Noise: 2 g/mRMS

WV Accuracy: +/-0.2 kg/mMRMS
Noise: 0.05 kg/MRMS

Full sky IWV and LWP maps 350 points in 6 minutes rapid scanning

(only with azimuth positioner option)

Satellite tracking mode Determines wet/dry delay and atmosph|

(only with azimuth positioner option) attenuaion along line of sight for all visib
GPS / Galileo satellites in a single scar
minutes)

Channel center frequencies Bé&nd: 22.24 GHz, 23.04 GHz, 23.84 G
25.44 GHz, 26.24 GHz, 27.84 GHz, 31.4 JHz

V-Band: 51.26 GHz, 52.28 GHz, 53.86 G

54.94 GHz, 56.66 GHz, 57.3 GHz, 58.0 GHiz

Channel bandwidth

2000 MHz @ 58.0 GHz, 1000 MHz @ 5]
GHz, 600 MHz @ 56.66 GHz, 230 MHz
all other frequencies

System noise temperatures

<400 K for 22-31 GHiilpr, <700 K for
51.4-58.0 GHz profiler
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Radiometric resolution

K-Band: 0.10 K RMS, V-Barfid20 K RMS
@ 1.0 sec integration time

Absolute brightness temperature accurac

/05K

Radiometric range

0-800 K

Absolute calibration

with internal ambient &ternal cold load

Internal calibration

gain: with internal noisarstiard
gain + system noise: ambemp. target
noise standard
abs. cal. of
calibration

humidity profilersky tipping

Receiver and antenna thermal stabilization abity better than 0.03 Kover full

operating temp. range

Gain nonlinearity error correction

Automatiouf point method

Brightness calculation

based on exact Plandiatian law

Integration time

>=0.4 seconds for each channgdel
selectable

Sampling rate for profiles

> 1 sec, user dalde

Rain / fog mitigation system

High efficient blower system (130 Watf{
hydrophobic coated microwave transpa
window, 1.8 kW heater module prevent
formation of dew under fog conditions

Data interface

RS-232, 115 kBaud

Data rate

10 kByte/sec., RS-232

Instrument control (external)

Host: IndustidL, temp. rangelO°C to +
60°C, 4 x RS232, 2 x LAN, 2 x USB

Instrument control (internal)

Embedded PCcontrols all interna
calibrations, data acquisition, data filadikup
on 1 Ghyte flash memory, control of azim
positioner, communication with host, can
measurements independently from host P¢

\

Housekeeping

all system parameters, calibratigtory
documen- tation

Retrieval algorithms

neural network, lin. ronlin.

algorithms

regressio|

Optical resolution

HPBW: 3.5° for water vapour,8°1 for
temperature profiler

Sidelobe level <-30dBc
Pointing speed (elevation) 45°/sec
Pointing speed (azimuth), optional 40°/sec
Operating temperature range -40°C to 45°C

Power consumption

<120 Watts average, 350 Wadisk for
warming-up (without dew blower heatdr)
blower: 130 Watts max.

Lightning protection

Power line: circuit breakers
Data line: Fiber optics data cable (m
length: 1400 m)

Input voltage

90-230 V AC, 50 to 60 Hz

Weight

60 kg (without dew blower)

Dimensions

63x36x90cm
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RPG-LHATPRO (tropospheric ultra low humidity / temp erature profiler):

Parameter

Specification

Humidity profile performance

Vertical resolution
BL-Mode: 50 m (range 0-1000 m)
100 m (range 1000-2000 m)
300 m (range 2000-5000 m),
500 m (range 5000-10000 m)
Accuracy: 0.02 g/RMS (absolute hum.)
5% RMS (rel. humidity)

Temperature profile performance

Vertical resolut
BL-Mode: 50 m (range 0-1200 m)
Z-Mode: 200 m (range 1200-5000 m)
400 m (range 5000-10000 m)

Accuracy: 0.25 K RMS (range 0-500 m)
0.50 K RMS (range 500-1200 m
0.75 K RMS (range 1200-4000 1n)
1.00 K RMS (range 40Q0000 m

IR radiometer option

9.210.6 um band, accuracy 1 K, noise: O.
RMS

LWP Accuracy: +/- 20 g/m
Noise: 5 g/MRMS
WV Accuracy: +/-0.02 kg/mMRMS

Noise: 0.005 kg/MRMS

Full sky IWV maps
(only with azimuth positioner option)

350 points in 6 minutes rapid scanning

Satellite tracking mode
(only with azimuth positioner option)

Determines wet/dry delay and atmosph|
attenuaion along line of sight for all visib
GPS / Galileo satellites in a single scar
minutes)

Channel center frequencies

Hum-Profiler: 183.31 0:6 GHz, +/-1.5
GHz, +/- 2.5 GHz, +/- 3.5 GHz, +/- 5.0 GHj}
+/- 7.0 Hz, (+/- 12.5 GHz)

V-Band: 51.26 GHz52.28 GHz, 53.86 GH
54.94 GHz, 56.66 GHz, 57.3 GHz, 58.0 GHz

Channel bandwidth

2000 MHz @ 58.0 GHz, 1000 MHz @ 5]
GHz, 600 MHz @ 56.66 GHz, 230 MHz
all other V-band frequencies

H-Profiler: 2000 MHz @183.31 #2.5 GHz
1000 MHz @183.31 +/-7.0 GHZ50 MHz a
all other channels

System noise temperatures

1500 K typ. for 183 @KWz profiler, <700}
K for temperature profiler

Radiometric resolution

0.20 KRMS @ 1.0 sec irdégn time

Absolute brightness temperature accurac

) 0.8-B4nd), 1.0 K (183 GHz band)

Radiometric range

0-800 K

Absolute calibration

with internal ambient &ternal cold load

Internal calibration

gain: with internal noisastiard
gain + system noise: ambemp. target

noise standard
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Receiver and antenna thermal stabilizatign Stability better than 0.03 K over f

operating temp. range

Gain nonlinearity error correction

Automatiouf point method

Brightness calculation

based on exact Plandiatian law

Integration time

>=1.0 secomdfor each channel, u9d
selectable

Sampling rate for profiles

> 1 sec, user dalde

Rain / fog mitigation system

High efficient blower system (130 Watf
hydrophobic coated microwave transpa
window, 1.8 kW heater module prevent
formation of dew under fog conditions

Data interface

RS-232, 115 kBaud

Data rate

10 kByte/sec., RS-232

Instrument control (external)

Host: IndustidL, temp. rangelO°C to +
60°C, 4 x RS232, 2 x LAN, 2 x USB

Instrument control (internal)

Embedded PC, controls all inter
calibrations, data acquisition, data file bac
on 1 Ghyte flash memory, control of azim
positioner, communication with host, can
measurements independently from host P¢

Housekeeping

all system parameteralibration history
documen- tation

Retrieval algorithms

neural network, lin. / nonlin. regressi
algorithms

Optical resolution

HPBW: 3.5° for water vapour, 1.8° f
temperature profiler

Sidelobe level <-30dBc
Pointing speed (elevation) 45°/sec
Pointing speed (azimuth), optional 40°/sec
Operating temperature range -40°C to 45°C

Power consumption

<120 Watts average, 350 Watts peak
warmingup (without dew blower heate
blower: 130 Watts max.

Lightning protection

Power line: circuit breakers
Data line: Fiber optics data cable (m
length: 1400 m)

Input voltage

90-230 V AC, 50 to 60 Hz

Weight

60 kg (without dew blower)

Dimensions

63x36x90¢m
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RPG-HUMPRO (tropospheric humidity profiler):

Parameter

Specification

Humidity profile performance

Vertical resolutid200 m (range 0-2000 m)I
400 m (range 2000-5690
800 m (range 5000-106%)(
Accuracy: 0.4 g/MmRMS (absolute hum.)
5% RMS (rel. humidity)

IR radiometer option

9.210.6 um band, accuracy 1 K, noise: 0.
RMS

LWP Accuracy: +/- 20 g/m
Noise: 2 g/mRMS
WV Accuracy: +/-0.2 kg/mMRMS

Noise: 0.05 kg/RMS

Full sky IWV and LWP maps
(only with azimuth positioner option)

350 points in 6 minutes rapid scanning

Satellite tracking mode
(only with azimuth positioner option)

Determines wet/dry delay and atmosph|
attenuation along line of sight for all visil
GPS / Galileo satellites in a single sca
minutes)

Channel center frequencies

Baénd: 22.24 GHz, 23.04 GHz, 23.84 G
25.44 GHz, 26.24 GHz, 27.84 GHz, 31.4 G

Channel bandwidth

230 MHz all frequencies

System noise temperatures <400 K
Radiometric resolution 0.10 KRMS @ 1.0 sec iraign time
Absolute brightness temperature accuracy 0.5K
Radiometric range 0-800 K

Absolute calibration

with internal ambient &tesnal cold load

Internal calibration

gain: with internal noisamstiard
gain + system noise: amb. temfarget +
noise standard
abs. cal. by sky tipping calibration

Receiver and antenna thermal stabilization Stability better than 0.03 K over f

operating temp. range

Gain nonlinearity error correction

Automatiouf point method

Brightness calculation

based on exact Plandiatian law

Integration time

>=0.4 seconds for each channel,
selectable

Sampling rate for profiles

> 1 sec, user dalde

Rain / fog mitigation system

High efficient blower system (130 Watf
hydrophobic coated microwave transpa
window, 1.8 kW heater module prevent
formation of dew under fog conditions

Data interface

RS-232, 115 kBaud

Data rate

10 kByte/sec., RS-232

Instrument control (external)

Host: Industi&L, temp. rangelO°C to +
60°C, 4 x RS232, 2 x LAN, 2 x USB

Instrument control (internal)

Embedded PC, controls all inter
calibrations, data acquisition, data file bac

on 1 Ghyte flash memory, control of azim
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positioner, communication with host, caim
measurements independently from host P¢

Housekeeping

all system parameters, calibration hisf
documen- tation

Retrieval algorithms

neural network, lin. / nonlin. regressi
algorithms

Optical resolution

HPBW: 3.5° for water vapour,8°l for
temperature profiler

Sidelobe level <-30dBc
Pointing speed (elevation) 45°/sec
Pointing speed (azimuth), optional 40°/sec
Operating temperature range -40°C to 45°C

Power consumption

<100 Watts average, 250 Watts peak
warmingup (without dew blower heate
blower: 130 Watts max.

Lightning protection

Power line: circuit breakers
Data line: Fiber optics data cable (m
length: 1400 m)

Input voltage

90-230 V AC, 50 to 60 Hz

Weight

55 kg (without dew blower)

Dimensions

63x36x90¢Mm
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RPG-TEMPRO (tropospheric temperature profiler):

Parameter Specification

Temperature profile performance Vertical resolut

BL-Mode: 50 m (range 0-1200 m)

Z-Mode: 200 m (range 1200-5000 m)

400 m (range 5000-10000 m)

Accuracy: 0.25 K RMS (range 0-500 m)
0.50 K RMS (range 500-1200 m
0.75 K RMS (range 1200-4000 fn)
1.00 K RMS (range 40Q0000 m

Cloud base height Accuracy:

(only with IR radiometer option) cloud base height: 50 m (range 0-300 m)
100 m (range 300-1000 1
200 m (range 1000-3690
400 m (range 3000-5690
600 m (range5000-100Q0fm

Threshold: 50 g/MLWP

=)

IR radiometer option 9.2-10.6 um band, accuracy 1 K, noise: 0.
RMS

Channel center frequencies 51.26 GHz, 52.28 GHz, 53.86 GHz, 54
GHz, 56.66 GHz, 57.3 GHz, 58.0 GHz

Channel bandwidth 2000 MHz @8.9 GHz, 1000 MHz @ 57

GHz, 600 MHz @ 56.66 GHz, 230 MHz
all other frequencies

System noise temperatures <700 K

Radiometric resolution :0.20 KRMS @ 1.0 seegnation time
Absolute brightness temperature accuracy 10K

Radiometric range 0-800 K

Absolute calibration with internal ambient &tesnal cold load
Internal calibration gain: with internal noisastiard

gain + system noise: ambemp. target
noise standard

Receiver and antenna thermal stabilization abiity beter than 0.03 K over fu
operating temp. range

Gain nonlinearity error correction Automatiouf point method

Brightness calculation based on exact Plandiatian law

Integration time >=0.4 seconds for each channel,
selectable

Sampling rate for profiles > 1 sec, user dalde

Rain / fog mitigation system High efficient blower system (130 Watf

hydrophobic coated microwave transpa
window, 1.8 kW heater module prevent
formation of dew under fog conditions

Data interface RS-232, 115 kBaud

Data rate 10 kByte/sec., RS-232

Instrument control (external) Host: Industi&L, temp. rangel0°C to +
60°C, 4 x RS232, 2 x LAN, 2 x USB

Instrument control (internal) Embedded PC, controls all inter

cdibrations, data acquisition, data file baclf
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on 1 Ghyte flash memory, control of azim
positioner, communication with host, can
measurements independently from host P¢

Housekeeping

all system parameters, calibration hist
documen- tation

Retrieval algorithms

neural network, lin. / nonlin. regressj
algorithms

Optical resolution

HPBW: 3.5° for water vapour, 1.8° f
temperature profiler

Sidelobe level <-30dBc
Pointing speed (elevation) 45°/sec
Pointing speed (azimuth), optional 40°/sec
Operating temperature range -40°C to 45°C

Power consumption

<100 Watts average, 250 Watts peak
warmingup (without dew blower heate
blower: 130 Watts max.

Lightning protection

Power line: circuit breakers
Data line: Filer optics data cable (m3
length: 1400 m)

Input voltage

90-230 V AC, 50 to 60 Hz

Weight

55 kg (without dew blower)

Dimensions

63x36x90cm
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RPG-LWP / RPG-LWP-U90 (LWP / IWV / Wet Delay):

Parameter

Specification

IR radiometer option

9.210.6 um band, accuracy 1 K, noise: 0.
RMS

LWP Accuracy: +/- 20 g/m (RPG-LWP), +/-10
g/n’” (RPG-LWP-U90),
Noise: 2 g/mRMS

WV Accuracy: +/-0.3 kg/mMRMS

Noise: 0.05 kg/MRMS

Full sky IWV and LWP maps
(only with azimuth positioner option)

350 points in 6 minutes rapid scanning

Satellite tracking mode
(only with azimuth positioner option)

Determines wet/dry delay and atmosph|
attenuation along line of sight for all visil
GPS / Galileo satellites in a single scar
minutes)

Channel center frequencies

Band: 23.84 GHz, 31.4 GHz, 90.0 G
(RPG-LWP-U90 only)

Channel bandwidth

2000 MHz @ 90.0 GHz, 230 MHz @
other frequencies

System noise temperatures

<400 K for K-band, € KOfor 90 GHz
channel (RPG-LWP-U90 only)

Radiometric resolution

Band: 0.10 K RMS, 90 GHz: 0.20 K RN
@ 1.0 sec integration time

Absolute brightness temperature accurac

y 0.5 K-band, 1.0 K at 90 GHz

Radiometric range

0-800 K

Absolute calibration

with internal ambient &tesnal cold load

Internal calibration

gain: with internal noisarstiard
gain + system noise: ambemp. target
noise standard
abs. cal. by sky tipping calibration

Receiver and antenna thermal stabilization Stability better than 0.03 K over f

operating temp. range

Gain nonlinearity error correction

Automatiouf point method

Brightness calculation

based on exact Plandiatian law

Integration time

>=0.4 seconds for each channel,
selectable

Sampling rate

> 1 sec, user selectable

Rain / fog mitigation system

High efficient blower system (130 Watf
hydrophobic coated microwave transpa
window, 1.8 kW heater module prevent
formation of dew under fog conditions

Data interface

RS-232, 115 kBaud

Data rate

10 kByte/sec., RS-232

Instrument control (external)

Host: Industi&L, temp. rangelO°C to +
60°C, 4 x RS232, 2 x LAN, 2 x USB

Instrument control (internal)

Embedded PC, controls all inter
calibrations, data acquisition, data file bac
on 1 Ghye flash memory, control of azimy
positioner, communication with host, can
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measurements independently from host P¢

Housekeeping

all system parameters, calibration hist
documen- tation

Retrieval algorithms

neural network, lin. / nonli regessior
algorithms

Optical resolution

HPBW: 3.5° for K-band, 2.0°%® GHz

Sidelobe level

<-30dBc

Pointing speed (elevation) 45°/sec
Pointing speed (azimuth), optional 40°/sec
Operating temperature range -40°C to 45°C

Power consumption

<120 Watts average, 300 Watts peak
warmingup (without dew blower heate
blower: 130 Watts max.

Lightning protection

Power line: circuit breakers
Data line: Fiber optics data cable (m
length: 1400 m)

Input voltage

90-230 V AC, 50 to 60 Hz

Weight

58 kg (without dew blower)

Dimensions

63x36x90¢m
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RPG-150-90 / RPG-DP150-90 (precision LWP radiometgr

Parameter

Specification

IR radiometer option

9.210.6 um band, accuracy 1 K, noise: 0.
RMS

LWP Accuracy: +/- 5 g/
Noise: 1 g/mMRMS
Detection of ultra low LWP
LWP maps 350 points in 6 minutes rapid scanning

(only with azimuth positioner option)

Channel center frequencies

K-Band: 90.0 GHz,l&Hz

Channel bandwidth 2000 MHz
System noise temperatures <900 K 9@ GHz channel, <1300 K
150.0 GHz, including full Dicke switg

calibration standards

Radiometric resolution

0.20 KRMS @ 1.0 sec irdégn time

Absolute brightness temperature accurac

;10K

Radiometric range

0-800 K

Absolute calibration

with internal ambient &tesnal cold load

Internal calibration

gain + system noise: DickeitBh + noise
standard
abs. cal. by sky tipping calibration

Receiver and antenna thermal stabilization Stability better than 0.03 K over f

operating temp. range

Gain nonlinearity error correction

Automatiouf point method

Brightness calculation

based on exact Plandiatian law

Integration time

>=1.0 second for each channel,
selectable

4

Rain / fog mitigation system

High efficient blower system (130 Watf
hydrophobic coated microwave transpa
window, 1.8 kW heater module prevent
formation of dew under fog conditions

Data interface

RS-232, 115 kBaud

Data rate

10 kByte/sec., RS-232

Instrument control (external)

Host: Industi&L, temp. rangelO°C to +
60°C, 4 x RS232, 2 x LAN, 2 x USB

Instrument control (internal)

Embedded PC, controls all inter
calibrations, data acquisition, data file bac
on 1 Ghyte flash memory, control of azith
positioner, communication with host, can

measurements independently from host P¢

p—

Housekeeping

all system parameters, calibration hisf
documen- tation

Retrieval algorithms

lin. / nonlin. regressioga@ithms

Optical resolution HPBW: 2.0°
Sidelobe level <-30dBc
Pointing speed (elevation) 45°/sec
Pointing speed (azimuth), optional 40°/sec
Operating temperature range -40°C to 45°C
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Power consumption

<120 Watts average, 300 Watts peak
warming-up (without dew lbwer heater
blower: 130 Watts max.

Lightning protection

Power line: circuit breakers
Data line: Fiber optics data cable (m
length: 1400 m)

Input voltage

90-230 V AC, 50 to 60 Hz

Weight

58 kg (without dew blower)

Dimensions

63x36x90¢m
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4. Calibrations

Calibration errors are the major source of inactesain radiometric measurements. The
standard calibration procedure is to terminate thdiometer inputs with two absolute
calibration targets which are assumed to be ideayets, meaning their radiometric
temperatures are equal to their physical tempegaiiris assumption is valid with reasonable
accuracy as long as proper absorber materialshexgen for the frequency bands in use and
barometric pressure corrections are applied tadigwolants in the determination of their
boiling temperature.

4.1 Absolute Calibration

A calibration target is considered to be an absokitindard when it is not calibrated by
another standard. RPG’s radiomerters are shippead twio calibration targets of this
category.

4.1.1 The Internal Ambient Temperature Calibration  Target

RPG’s profiling, LWP and tipping radiomerters arquigped with an internal absolute
ambient temperature calibration standard as shawig.4.1. Other radiometer models, like
the RPG-15-90, RPG-HALO-KV, RPG-HALO-119-90 and RRAABLO-183 are using
external ambient temperature targets.

The built-in ambient temperature load is one of thstrument’'s key components. The
pyramidal absorber material is made from carbodddgoam with low thermal capacity. The
target is hermetically isolated by low and high signstyrofoam with no exchange of air
between the interior and environment (see Fig.4.1).

low density styrofoam

FAN
J

WNARNANAARAARAS
L Jggzggg%%¥;_%p¥g J)

=/ 2

7
/

foam

absorber high density styrofoam

Fig.4.1: Ambient temperature target cross sectiamly profiling, LWP and tipping
radiometers).

The air within the styrofoam box is dried with séidesiccant to avoid condensation of water
on the inner styrofoam surfaces. Most important tfee cancellation of thermal gradients
across the load is the closed cycle venting ofethelosed air as indicated in Fig.4.1. The
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foam absorber is perforated between the pyramidbaaair from the bottom of the absorber
can flow into the volume above the pyramids. Theflaiv is driven by four miniature fans
which maintain a steady exchange of air and thesnthl equalisation of the absorber
material.

For measuring the precise temperature of the iatecalibration load the radiometer is
equipped with gauged thermo-sensors offering aaguieed absolute accuracy#tf.1 K. This
accuracy is only realistic if the sensor is aciiveboled to the air temperature inside the load
which is achieved by placing the sensor into tieash of air close to one of the fans. This
reduces the internal thermal gradient caused bysémsor’'s bias current. The top isolation
plate is made from low density styrofoam with neiie microwave absorption at
frequencies up to 100 GHz.

The major advantage of the ambient load is the tfzat no active thermal stabilization by
heaters or coolers is necessary. For a calibrédmhit is not essential to keep its temperature
constant for all external thermal conditions buktmw its precise physical temperature and
to keep thermal gradients as small as possiblecfwisinotachieved by heating or cooling the
load from the bottom!). According to these requieens the described load is almost ideal.
Furthermore the load has a minimized weight sihee mainly made of styrofoam and foam
absorber.

For the radiometer models RPG-15-90, RPG-HALO-K\WRGRHALO-119-90 and RPG-
HALO-183 an external ambient temperature targeused. Its physical temperature is
measured by a certified thermometer, pushed itdaddm pyramidal absorber.

Fig.4.1b: External ambient temperature target forodelsRPG-15-90, RPG-HALO-KV,
RPG-HALO-119-90 and RPG-HALO-183.

- 44 -



RPG’s Atmospheric Remote Sensing Raditarse
PG

4.1.2 External Liquid Nitrogen Cooled Calibration T  arget

Another absolute calibration standard is the ligoittogen cooled target that is attached
externally to the radiometer box (see Fig.4.2).sTaiandard - together with the internal
ambient load - is used for the absolute calibrafioocedure. The cooled load is stored within
a 40 mm thick polystyrene container. 15 litresigdild nitrogen is needed for one filling.

Planar
Reflector
A
P A SR = Radiometer Box
8 [~ Liquid Nitrogen

Absorber

Fig.4.2: External cold load attached to the radiotee box.

The boiling temperature of the liquid nitrogen &hds the physical temperature of the cold
load depends on the barometric pressure p. Themader's pressure sensor is read during
absolute calibration to determine the correctetiigptemperature according to the equation:

T, =T, - 0.00825{101325- p)

where = 77.25 K is the boiling temperature at 1013.28.hP

The calibration error due to microwave reflectiaisthe LN/air interface is automatically
corrected by the calibration software (embedded R@® recommended to wrap a plastic foil
around the load+radiometer (wind protection) durialgsolute calibration to avoid the
formation of condensed water above the liquid serf@aused by wind etc.).

The described cold target is used for all profilibg/P and Tipping radiometers. All other

models are shipped with a target similar to thefon¢he ambient temperature calibration
point shown in Fig.4.1b.
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4.1.2.1 Assembly and Mounting of the LN Cooled Targt

Fig.4.3: External absolute calibration target (coldload).

The external absolute calibration target consiste drame that holds the liquid nitrogen
container and 90° planar reflector.

The 90° planar mirror rests on two supports thatha be mounted to the target frame as is
shown in Fig.4.3 and Fig.4.4.

Fig.4.4 a) mounting the support posts to the targdtame. b) Screws for mounting target
to radiometer housing.

Fig.4.5a: location of mounting screws for the targt frame.
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Fig.4.5b: Pushing the target into the frame.

Once the target frame is set up it can be fasteméloe radiometer housing. The target frame
is mounted on the radiometer side marked with aamdw (observation side). Two hand
screws (from accessory box) are needed to doRigs4.5.a).

The styrofoam container is then pushed into theé.aDo not push the target completely into
the frame to allow for filling the LN into it (Figd.5.b). For filling the target with liquid
nitrogen the following procedure is recommended:

Start with pouring the liquid nitrogen into the dm&tyrodur container included in the
accessories. Then use the container to fill thgetaais indicated in Fig. 4.5.c. This is repeated
2-3 times until the target is filled to a level whehe absorber tips disappear in the liquid. The
target must then be pushed into the frame untbiuthes the radiometer housing (Fig.4.5.d).

Fig.4.5c: Filling the target step by step.

Note: Handling liquid nitrogen without protection like gloves, goggles,
aprons etc. is riskful and can lead to serious injues. We strongly

recommend to wear these protection items while dognthe calibration. Only

trained personal should be allowed to handle LN. Whout wearing gloves,

goggles and aprons the user is acting on his owrski
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S

Fig.4.5d: Push the target to its final position.

When the calibration is performed inside a buildi@gwind protection is probably not
required. For outdoor calibration we recommendawec the whole instrument with a blanket
during calibration in order to prevent the prodontof excessive fog over the target (wind)
which may reduce the calibration accuracy.

Refer to section ‘5. Software Description’ to le@ow to start the absolute calibration cycle.
When the calibration is finished and the targetas removed do not forget to screw the
protector caps into the open threads (Fig.4.6).

Fig.4.6: After the target frame has been unscrewethe 'bpen threads should be protected
by plastic caps.

4.1.3 General Remarks on Absolute Calibrations

After the system has been turned on, at least 3utes are required for warming up and
stabilization of all receiver components. To ensaceurate measurements, an absolute
calibration should be performed only after completaarm-up. It is recommended to repeat
this calibration every 5 to 6 months of operatiognatier transportation of the system. This
will recalibrate the built-in noise standards nekder the automatic regular calibration
cycles.

4.1.3.1 System Nonlinearity Correction

A common simplification in the design of calibratisystems for total power receivers is the
assumption of a linear radiometer response. In ¢hse a simple two point calibration
(hot/cold) is sufficient to determine the systemsmoequivalent temperature s(J offset

noise) and system gain (G, slope of the linear aesp). Accurate noise injection
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measurements [2], [3] have shown that the assumpfidinear system response is not valid
in general. Calibration errors of 1-2 K have bedisevved at brightness temperatures in
between the two calibration target temperaturess $ixstem nonlinear behaviour is mainly
caused by detector diodes [1] needed for total pavetection. Even in the well defined
square law operating regime (input power < -30 dBh® detector diode is n@n ideal
element with perfect linearity. The noise injecticalibration algorithm implemented in all
RPG radiometers corrects for these nonlinearitgyots$t

The system nonlinearity is modelled by the follogvfiormula:

U=GP?’, 09<a<l1 (1)

whereU is the detector voltag&; is the receiver gain coefficient; is a nonlinearity factor
and P is the total noise power that is related to thdiametric brightness temperature T
through the Planck radiation law:

1
P(Tg) O——

glelr -1

(the proportionality factor is incorporated in Gy is the sum of the system noise temperature
Tsysand the scene temperaturg T

Uud A
US .

U4 Lo _
UB oo _ '

U2 _

ULy /
Us— " 8

e — >
Tsys Tc TN Th Tn Th2T[K]

Fig.4.7: Detector response as a function of totadiae temperature. Js is the system noise
temperature, J the additionally injected noise, cTthe total noisewhen the radiometer is
terminated with a cold load (e.g. liquid nitrogemoled absorber) and T the corresponding
noise temperatures for the ambient temperature load

The problem is how to determir®, a and Tsys experimentally (three unknowns cannot be
calculated from a measurement on two standardspldtion is to generate four temperature
points by additional noise injection of temperaturg which leads to four independent
equations with four unknown&( a, Tsysand T) The procedure is illustrated in Fig.4.7:
During the calibration cycle the elevation mirret@matically scans the two absolute targets.
The initial calibration is performed with absolgandards and leads to the voltagdsand
U3. By injection of additional noisg2 andU4 are measured. For exampl@ is given by

U, =G(P(Tgs) + P(Tea ) + P(T,))* e

where Toqg IS the radiometric temperature of the cold targete evaluation of the
corresponding equations farl, U3 andU4 results in the determination ofyf G, a and T.
It is important to notice that the knowledge of #wivalent noise injection temperaturgi§
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not needed for the calibration algorithm. It isyomlssumed that ,Tis constant during the

measurement of Ul to U4.

After finishing the procedure the radiometer isilwmated. With the four point calibration
method also the noise diode equivalent temperafyrés determined. Assuming a high
radiometric stability of the noise injection temgiere, following calibrations can use this
secondary standard (together with the built-in @ambtemperature target) to recalibratgs T

andG (consideringx to be constant) without the need for liquid nigag
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4.1.3.2 Avoiding Errors from Variable System Noisd emperature

All losses in the receiver system contribute to $lystem noise temperature. A significant
system noise contribution is related to the recengics. A corrugated feedhorn operated at
90 GHz has a typical loss of L=0.5 dB. At a phykteanperature of 300 K such a feedhorn
contributes with 30 K to system noise accordintheaformula

1
T=T,a-7)

where T is the physical temperature of the horn. A chanfghe feedhorn’s physical
temperature from 0°C to 30°C leads to a systemenioisrease of 3 K which corresponds to
an error in the absolute brightness temperatunetif®reason the antenna has to be thermally
stabilized together with the receivers.

The brightness temperature errors introduced byc®phat are not thermally stabilized
cannot be corrected by the implemented noise standardraabn because the noise source
power enters the signal path behind the feedhoththas is not changed by a variable
antenna temperature.
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Fig.4.8: Contribution of radiometer components tgstem noise temperaturesyk .

4.2 Noise Injection Calibration

It is not convenient to use a liquid nitrogen caolead for each calibration. For this reason
the radiometer has two build in noise sources foneach profiler) that can be switched to
the receiver inputs. The equivalent noise tempegaiy of the noise diode is determined by
the radiometer after a calibration with two abselatandards (hot/cold) and is in the range
100 K to 300 K. The noise diode is also used toembifor detector diode nonlinearity errors.
The accuracy of a calibration carried out with tescondary standard and the ambient
temperature load is comparable to the results édawith a liquid nitrogen cooled load. The
advantage of the secondary standard is obviousalidration can be automatically done at
any time. All system parameters are recalibratetliding system noise temperatures.

The noise diode is optimized for precision builttest equipment (BITE) applications and
meets MIL-STD202 standard with 170 hours burn-imisTprocess guarantees highest
reliability and performance repeatability. The rafadility error is expected to be <0.1 K/
month.

Due to the fact that only two calibration pointe generated with this calibration type£T
ambient temperature target,.J= ambient temperature target + noise standardipstto be
assumed that the non-linearity factwrdoes not change with time. This is a reasonable
assumption becauseis basically an intrinsic detector diode parameter

The duration of the noise injection calibrationaisout 60 seconds. It is recommended to
repeat it once per day.
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4.3 Gain Calibration (Relative Calibration)

The most frequently performed calibration is thengalibration method. It only corrects for
gain drifts (G) but not for changes in system négseperature Js The receiver gain is most
sensitive to even small changes in the physicalpéaiure of the receiver components.
During calibration the elevation mirror scans theltin ambient temperature target (one
calibration point only). With the assumption of stant Ty the system gain can be
recalibrated.

The duration of the gain calibration is about 28osels. It is recommended to repeat it every
5-10 minutes.

4.4 Sky Tipping (Tip Curve)

Sky tipping (often referred to as tip curve caltima) is a calibration procedure suitable for
those frequencies where the earth’s atmospheratppsmdow (i.e. high transparency) which
means that the observed sky brightness temperastimduenced by the cosmic background
radiation temperature of 2.7 K. The humidity prfilchannels are candidates for this
calibration mode. High opacity channels like athpeerature profiler channels >53 GHz are
saturated in the atmosphere and must be calibbgtether methods.

Sky tipping assumes a homogeneous, stratified gainese without clouds or variations in the
water vapour distribution. If these requiremente dulfilled the following method is
applicable:

The radiometer scans the atmosphere from zenidrdond 14° in elevation and stores the
corresponding detector readings for each frequamcy angle. The path length for a given
elevation anglex is 1/sin¢r) times the zenith path length (defined as onertass”), thus the
corresponding optical thickness should also beipligt by this factor (if the atmosphere is
stratified!).

When radiation of intensityI(v denotes a certain frequency) passes through eteéhyf thin
slice of gas,\ is reduced by dlgiven as

d, =-I,«,ds

wherex, is the absorption coefficient and includes allg@sses implying a loss of photons on
the way down to the radiometer. Integration ovenite sheet of gas leads to:

k,ds

‘fdlv =-[din(l,)=[xds = 1, — 10w ]

|l/
1°, is the intensity before entering the sheet. Thealthickness is defined as:
I, EIKVdS = |, =10 @™

Spontaneous emission in the sheet increases thesitit. Atmospheric molecules perform
rotational or vibrational transitions in the radatfield:

d, =¢,ds
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whereg, is the emission coefficient at frequeney The emission coefficient depends on
pressure, temperature and chemical compositioheofjas and has to be calculated quantum
mechanically.

The total change of intensity for the infinitelyrtlgas sheet is then:

dl dl £
dIV :£VdS_IVKVdS =g v =£V_|VKV OI’ |4 :_v_lv
ds dr, «

We define the ratie / « as the source function S. Then we get:

e = e
dr, dr,

Integration leads to:
T, .
(@) ®" -1 =[S, @vdr, where 12=1(r, =0)
0
This is identical to the more common version of iddiative transfer equation:

()= 1™ + [s @ dr,

0

r,=0 l 27K 0172
7,
-y
Atmosphere
T, 01,
T, l

A sheet of optical thickness absorbs a part of incident radiatioff &nd emits radiation at
each position, which is partly absorbed hy1(). In order to obtain the intensity on the
ground, we have to compute the integral along thelevline of sight through the gas,is
the total optical thickness of the gas layer.

With the definition of the mean radiation temperatl,, :
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v

Tfsv e ldr,

Tmr -T,
1-e™

the optical thickness is related to the brightriesgperature by the equation:

r, =In To =Teo
T, -Ts

mr

Tmr IS @ mean atmospheric temperature in the diredlionigy is the 2.7 K background
radiation temperature ang Tis the brightness temperature of the frequencymbla
The attenuation A in dB is related tp by the following formula:

n10

r,=A
10

Tmr is a function of frequency and is usually derifesin radiosonde data. A sufficiently

accurate method is to relatg,Wwith a quadratic equation of the surface tempeeatueasured

directly by the radiometer.
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Fig.4.9: Extrapolation of tipping response to 2.7 fkee space temperature.

The optical thickness as a function of air masa ®&raight line (see Fig.4.9) which can be
extrapolated to zero air mass. The detector reatligg at this point corresponds to a
radiometric temperature which equals to the systemse temperature plus 2.7 KigdJ=
G*(Tsys + 2.7 K). The proportionality factor (gain factds) can be calculated when a second
detector voltage is measured with the radiometertipg to the ambient target with known
radiometric temperature,TThe sky tipping calibrates the system noise teatpee and the
gain factor for each frequency without using ailigoitrogen cooled target.
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The disadvantage of this method is that the assampif a stratified atmosphere is often
guestionable even with clear sky conditions duéntasible inhomogeneous water vapour
distributions (e.g. often observed close to coasts). The built-in sky tipping algorithm
investigates certain user selectable quality ¢aiter detect those atmospheric conditions that
do not fulfil the calibration requirements. The mimsportant criteria are:

» Linear correlation factor. This measures the catieh of the optical thickness
samples (as a function of air mass) with a stralgi®. Typical linear correlation
factor thresholds are >0.9995. The linear cormhafiactor is not sensitive for the
noise of the optical thickness samples causeddudsl etc.

« Y2test. This measures the variance of the optidakmiess samples relative to the
straight line in Fig.4.9. Typical threshold valuese <0.4 for a good quality
calibration.

The tip curve calibration is considered to be thesimaccurate calibration method. The
brightness temperatures acquired in the elevatiam sre close to the scene temperatures
measured during zenith observations.

4.5 Calibration Equations

All RPG radiometers are equipped with noise ing@ctcalibration standards. A subset of
these also have Dicke switch references like the-RB0-90 radiometer and a special version
of the RPG-HATPRO. They are referred to as ‘Fultk®i Switch’ instruments (Type 2, see
section 3.2).

Relation between detector voltagds and scene temperaturescl

Ug = G ( Tyys+ Tsc )P, for radiometers withoutull Dicke Switching Mode (Type 1)
Uds = G (Tsys+ Tsc), for radiometers witlfrull Dicke Switching Mode (Type 2)

System Noise Temperatureyf, Noise Diode Temply and Gain G:

Absolute Calibrations (Hot / Colditetector voltages on black body target (tempeeaiyr=
Tamp): Un , cold target (LN or Skydip, temperaturg)TUc :

Y = (Up/ Uc )PP Toe= (T =Y * Te)I(Y - 1), 0.95 < Alpha<=1 (sec. 4.1.3.1), Byp
Y=(Ua/Uc), Tsys=(Tu=-Y*To)/(Y-1), Type2

G = Ui/ (Toys*+ Tw)™™™, Type 1

G=Uy/ (Tsys+ Th), Type 2

On black body target ), noise diode turned off: |J, noise diode turned on:\
Tn = (Usn/ GY AP T - Tams , Type 1

Tn=Un-Un) /G, Type2

Type 2 only: Dicke Switch (DS) ON, radiometer poigtto amb. temp. target:

DelT = Ups/ G — Tsys - Tosp

Dicke Switch (DS) leakage (Type 2 only): DS ON,icaxeter pointing to cold target:
Alpha = (TDSp + DelT - (Lbs/ G- Tsys)) / (TDSp + DelT - Tc)

If a liquid nitrogen cooled target is used, thddwaing correction has to be applied:

-55 -



RPG’s Atmospheric Remote Sensing Raditarse
PG

Tc [K]= 77.36 -8.2507e-3*(1013.25- P) + 1.9 , P inanbl1.9 K is correction for surface
reflection on LN (n = 1.2)

Continuous full calibration on scene (Type 2 onfhise Diode turned off: i , noise diode
turned on: Uy , radiometers looking on scene temperatugg Dicke switch turned ON
(blocking scene), physical Dicke switch temperailyg;

G=(Un-Un)/Tn, Tsys=Un/ G — (Tosp + DelT — Alpha * (Tbsp - Tsg), Alpha= DS
leakage (determined in absolute calibration)

Continuous noise switching on scene (Type 1 omlg)se diode turned off: i, noise diode
turned on: Uy (10 Hz), radiometers pointing to scene (tempeealyy):

D = (Usn/ Un)"™ P -1, Te= (W=D * Ty /D , G=Uy/ (Toys+ Te) P
Calibration on ambient temp. black body targetgk Teys= (Ug/ GY" " - Tamp
Type 1, no noise switching:

gain calibration on ambient temp. targef: G = Ui/ (Teys+ Tamp) P
noise calibration on ambient temp. targef.{J:
D — (U+N/ U_N)l/Alpha_ 1 , 'l;ysz (TN — D * TamQ / D , G = UN / (TSyS+ Tamt) Alpha
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5. Software Description

The following conventions are used in this softwaescription:
* Messages generated by the program that have tokibewledged are printed in red.
Example: The specified port in ‘R2CH.CFG’ has no data caldennected to it!
» Button labels are printed in green:
* Messages that have to be answered byor No are printed in light bluet

» Labels produced by the software are printed in:gréyC

* Names of group boxes are printed in blue. Exanfpidiometer Statu®n the main
screen.

* Names of tabs are printed in viol&ty Tipping

* Names of menus are printed in blaEke Transfer

* When a speed button shall be pressed, this isatetidy its symbo'@“

» Hints to speed buttons are printed in browefine Serial Interface

» Selections from list boxes are printed in magebtdsius

» Selections from radio buttons or check boxes argqat in dark greenCOM1
* File names are printed in orangé;

» Directory names are printed in dark bl@etPrograms\RPG-HATPRO\

5.1 Installation of Host Software

5.1.1 Hardware Requirements for Host PC

The hardware requirements for running the hoswso# are:

* Pentium based PC, 500 MHz clock rate minimum

* 200 MB free RAM for software execution

» Serial interface (RS-232), 9 pin Sub-D connector
A laptop computer is included in the standard aelvpackage and pre-installed software
comes with it. However the host software R2CH.EXdA be installed and run on any other
computer that fulfils the hardware requirementetsabove.

5.1.2 Directory Tree

To operate the host software without problems granstallation of the retrieval files
(required to perform online calculations of atmasph parameters like profiles, LWP, IWV
etc.) is required.

By clicking on the desktop icc% the executable host progrém@ CH.EXE is started (runs
on Windows NT4.8, Windows 2008, Windows XF, Windows Vist&, Windows 7). On
pre-installed PCs this file is located@\Programs\RPG-XXX\where ‘XXX’ stands for the
radiometer model (e.g. HATPRO, TEMPRO, HUMPRO, LW®0, etc.). This directory path
can be changed to any other path (in the followigfgrred to asvlY _DIRECTORY\RPG-
XXX\). Of course the corresponding desktop link hasetnodified accordingly.
In the case that the user wants (or has) to indtallsoftware himself the following steps
should be performed:

« Start your Window?3 operating system

« Start the Windows Explor&r
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* Insert the Radiometer CD-ROM

« In Windows Exploret click on the CD-ROM drive icon

* Click on theRPG-XXX-folder and drag the whole folder Y DIRECTORY\(user
selectable).

Example: If MY_DIRECTORY! is the directoryD:\Programs\ the complete tree should
look lik this:

D:
|---Programs
|---RPG-XXX
| |--DATA
|  |--HELP
| |--MBFs
| |-MDFs
| |--RADIOMETER PC
|  |-TRACKING
| |--RETRIEVALS
| |-ATTENUATION
| |-HPROFILE
| EY
| |-EWP
| |-MISCELLANEOUS
| |-FPROFILE_BL
| |-FPROFILE_TROP
| |-FMR

The RPG-XXX -directory contains the following files:

e« VCL50.BPL : System library extension file

e VCLX50.BPL : System library extension file

e BORLNDMM.DLL :Dynamic link library, Memory Management functg
e CC3250MT.DLL  : Dynamic link library, Core functions

* NETCDF.DLL : Dynamic link library, netCDF file format routise
e NETCDF.LIB : netCDF library file

» R2CH.EXE : Radiometer software

e R2CH.CFG : Radiometer software configuration file

* RadWebServer. EXE Web-Server application for R2CH.EXE

* RS.FMT : Radiosonde file format archive

The MBFs and MDFs directories are empty after installation and argended for the
Measurement_#&ch Hes and Masurement &finition Hles needed to initiate a
measurementDATA is reserved for measurement data files includisgr udefined sub-
directories. Of course the user can create any dlinectory for his data file storagelELP
contains all RichText (*RTF) files for the help % andTRACKING is reserved for
RINEX navigation files needed for the satelliteckimg mode (see section 5.9.4.2).
RETRIEVALS and its subdirectories should never be changedifmed or deleted) since the
software assumes to find all retrieval files héree retrievals for humidity profiles are stored
in HPROFILE, tropospheric retrievals for temperature profilingre stored in
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TPROFILE_TROP etc. When the user develops his own retrievak flie must store the
retrieval in one of the 6 category directories.

Click into MY_DIRECTORY\RPG-XXX and locater2CH.EXE. When clicking on this file
with the right mouse button a list of actions isplayed. Select the ‘Desktop (Create
Shortcut)’ option to generate an icon on the dgskto

The RadWebServer.EXHs a webserver application fét2CH.EXE. When this server is
active, it listens to port number 8888 (default)daserves clients by providing the
functionality of R2CH.EXE on an arbitrary browser. A detailed descriptionhi$ application
is given in Appendix G.

The RS.FMT is an archive for radiosonde data formats. The aae extend this archive as
described in 5.16.2.

5.2 Getting Started

When clicking on the desktop ic% to start the host software2 CH.EXE, the following
introduction window appears:

E Radigmelers ior Enviranmental Remole S5ensitg

Version: .16

Supported Instruments:

RPG-HUMPRO
RPG-TEMPRO
RPG-HATPRO
RPG-LHATPRO
RPG-LWP
RPG-LWP-US0
RPG-150-90
RPG-DP150-90
RPG-15-90
RPG-36-90 ,
RPG-TEMPRO-90
RPG-TEMPRO-150
RPG-HALD-KY
RPG-HALD-183
RPG-HALD-119-90
RPG-LWP-I72-82
RPG-TIP-225
RPG-TIP-225-340

Press <ESC> to
edit CFG settings

Copyright: Radiometer Physics GmbH. 53340 Meckenheim, Germany

It displays the current version number, a few exdaspf instrument deployments, a list of
supported RPG radiometer models and (in red) atbiptess <ESC> if you want to change
some of the starting configuration settings (blaglow). By pressing <ESC> during software
start, the user enters a menu where he can oversaie settings of the automatically loaded
configuration file R2ZCH.CFG This can be very useful, e.g. when the host sofwis
configured for ‘Auto Connect’ in auto start moded<elow) but the user wants to change a
serial port or the radiometer has been turned off.

the program first tries to locate a free RS-232t Isesial port and a data cable connected to
one of them. If it does not find a data cable, ttessagé he specified port in ‘R2CH.CFG’
has no data cable connected to iis displayed as shown in Fig. 5.1. This messafgs to
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the file (located inMY_DIRECTORY\RPG-XXX) which is a configuration file
that is loaded by at program start. This file contains informati@mng other
data) about the standard serial interface port usedthe communication link to the
radiometer.

(€} RPG HATPRO Humidity- and Te
Files Communication  Me:

o R
s 5 24 Boe = SME Y c =l
®ZRakie % S @ BTt @8
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= 240
g4 1
2 2000 éznnn«‘ £ 10
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I !
. 51 sz 53 st s s 5 m5
eters

Frequency ]
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Message: o cable connected to port Mode: DISCONNECTED Rad. Port; COMI [115200MNC_ Posi, Port: NONE

Fig.5.1: Starting host software without a data cabtonnected to any of the RS-232
interfaces.

For certain reasons it is desirable to operatestifavare even without a data link to the
radiometer. For instance, the user may wish toecispecorded data files, calibration history
or prepare MDFs_(Masurement Efinition Hles) for the next measurements etc. These tasks
do not require a radiometer communication linktHrs case the messagée specified port

in ‘R2CH.CFG’ has no data cable connected to tan be ignored. All commands requiring

a radiometer connection are then disabled.

If a data cable is installed between the host Aaedadiometer (see section 1.6), the user has

JLLnn
to define the serial interface parameters for ti@rmunication. This is done by clickir=
(Define Serial Interfacg. This command opens the menu below.
The selectable COM-ports are enabled in the uppioi list. The user can only select one of
the available ports for interconnection with thdiometer.
The baud rate parameter defines the communicapieeds For copper cable lengths up to 50
m and for fiber optic cables, the highest baud msheuld be used1(520Q. This is
particularly important when files that have beeckeal up on the radiometer DOM (disk on
module) need to be transferred to the host. Sontkesk data files might be several MBytes
in size so that an optimally fast transfer ratdasirable. AtL15200baud the transfer speed is
about 6 kByte/sec.
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|E| Define Serial Communication Ports

Master COM Port Azimuth Controller COM Port
(%) COM1 (1] JCOM3 {1 ) (1] () COM3
Baud Rate: [IIZITMl v [ Activate Baud Rate: 9600
(% Auto Detect ()6 Line Com, (2 Line Com.
Slave COM Port [ ]Auto Connect
Y COM3 Try again, if no success

. Sync. to Rad. GPS Clock
[ ] Activate Baud Rate: 115200 + |

) i & i R
© Auto Detect O Line Com. (32 Line Com.

If Auto Connectis checked, the host software automatically attentp connect to the
radiometer during the starting phase (if a datdecesbdetected). This feature enables an auto-
startup function after a power failure of the h&&. The radiometer embedded PC will
automatically continue a measurement after a pdakeire when the power returns. To start
the host software automatically after reboot of dperating system, the should

be entered into the Auto Start directory of therapeg system or an appropriate task should
be defined in the scheduler.

When using an older version of the optional azinpdkitioner (see section 8.2) to allow for
full sky scanning, the azimuth controller is coreelcto the host PC through a second RS-232
interface. This interface is also defined in ihefine Serial Interfacemenu. The baudrate is
auto-adjusted to the fixed azimuth controller batelr The automatic controller activation at
software start is enabled by checking fwivate box.

If a first attempt to connect to the radiometelstathe program can retry a second time if the
Try again, if not successfuis checked. If the user wants to adjust the hosttif@ by
synchronizing it to the radiometer GPS clock he daeckSynchronize to Radiometer GPS
Clock.

A second radiometer (Slave) can be run by the dameeprogram to combine the channels of
two systems to a virtually single instrument (Magt8lave operation). In this case the Slave
radiometer needs a second serial interface and lmeustparately activated.

Fiber optics cables are available in two versions:

6 line fiber optic cable This cable provides double hardware handshakorg f
maximum transfer speed. A special RPG made RS-@3bér converter has to be
implemented with this cable type. A disadvantagénéd commonly available RS-232
to USB converters cannot be used on the host, becsuch devices only offer poor
speed grades for handshaking lines. Instead, ihtis¢ motherboard does not provide
a serial port, an extension card must be instgkeg. PCMCIA or Express Card on
laptops) that connect to the 6 line RS-232 to fitmrverter. Maximum cable length is
2000 m.

» 2 line fiber optic cable No hardware handshaking is implemented for theddes,
only TX / RX in combination with an optimized sofive handshaking. The
communication with the radiometer is only slighipwer compared to the 6 line
version which can be neglected. An advantage of2thiee cable is that it can be
interfaced with any type of commonly available skeconverters (e.g. USB, PCMCIA,
Express Card) and commercially available seriafitier converters (most of them
only support TX / RX comminucation).
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All copper cables (old version) are 6 line cablaghwlouble hardware handshaking. These
cables can be run with maximum speed for cablethengp to 50 m.

The connection to a Master or Slave radiometeeadized by one of these cable types. RPG
delivers cables that allow the host and radiomié@ito auto-detect the type of cable attached
to it. If the radio buttorAuto Detectis checked, the host will use this cable featBré.if the
user wants to enforce another cable type one obttiner buttons line Com.or 2 line Com.
are checked. E.g. if a 6 line cable is installed &2 line communication is desired in
combination with a USB to serial adapter on a Ipptbe user checks ttieline Com.radio
button to enforce the host to implement no hardwaredshaking in the communication with
the radiometer. In this case, only 2 of the 6 lisassed.

The interface parameters are stored in the cordtour file ( ) that is loaded each
time is started. This file is backed up on exitifig . A definition of the
serial interface parameters is only necessary atffitet start of or when the

transfer speed must be reduced due to longer tigieh.
When <ESC> is pressed during the software stapitage, the following menu is displayed:

%] Edit CFG Settings Before Launch E@

Serial Communication

v | Scan for ports
5 for COM port

Master COM Cable Slave COM Cable
(%) Auto Detect %) Auto Detect
(16 Line Cable (16 Line Cable
{312 Line Cable {312 Line Cable

[ ]Activate

[ ] Activate Azimuth

The user can overwrite certain configuration patansehere, BEFORE the serial COM ports
are scanned. E.g. a preset ‘Auto Detect’ cable tigiection can be overwritten by a ‘2 Line
Cable’ configuration to enforce the host to avaaddware handshaking with the radiometer.

The sequence for setting up a communication lirtkéoradiometer is the following:

» Install the interface cable between host and radtemas described in section 1.6 (the
radiometer power has to be turned off).

* Turn on the radiometer power.

* Wait for 1 minute until the radiometer PC has bdaip and the elevation mirror has
moved to its index position (the mirror movemenquset, but easily audible).

» Start the host software (if not already done) aefihe the serial interface parameters
as described above (if necessary).

* The next step is to initiate the communication leetwthe host and radiometer PC by

pressing't}:g (Connect to Radiometgr then establishes the same baud
rate on the radiometer embedded PC as was seladbedine Serial Communication
Port. This operation takes a couple of seconds. Ifesgfal, the messageonnection

to radiometer successfully established. Baud Ratiguated. is displayed. Otherwise
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the messag®adiometer does not respond! Connection could net éstablished...
appears. In this case try the following to hantkegroblem:

(0]
0]

0]
(0]
0]

Repeat thdt}-f command.

If not successful, check the data cable (is it priypconnected to host and
radiometer?).

Check that the radiometer power is turned on.

Repeat the turn on procedure.

If not successful, contact RPG.

The connection status is displayed in the status(lb@tom line of the main screen) and
includes the COM port number and baud rate. Themaeter responds to the host by sending
the status report (listed Radiometer Statu®n the host main screen) comprising its ID, the
status of the various controllers/GPS clock, thizaned radiometer status, the system’s
housekeeping data (temperatures, surface senstingsainclination in elevation axis and

perpendicular to it), DOM capacity (disk on modulee embedded PC’s hard disk) and
elevation stepper position. When a measurememdrited, additional information is displayed

here like the calibration status, reference timel atate, the duration of the actual
measurement, its start and end time, the measutefilemame, whether file backup is

enabled on the embedded PC or not and the repetitimber of the running batch (explained

later). The radiometer status display can be cﬁhL@) or enabled @) at any time. In
general the display should be enabled becauseirceti@omatic tasks (like logging of all
calibration activities) are only performed when #tatus display is enabled.

5.3 Radiometer Status Information

The various status displays in tRhediometer Statugroup box are:

» Software Version: Indicates the version number ld tadiometer PC software
2CH.EXE for reference (the host software version is pdnte the main window
caption).

* Instrument ID: The radiometer identifies itself bgnding the instrument ID to the
host when a connection is established (elg( ) ,

, etc.).
» Controllers Lists the status of the two instrument contralier

(0]

(0]

The main controller handles all communication asés between the

radiometer PC and the radiometer hardware.

The elevation stepper controller generates thardyigignals for the elevation
scanning paraboloid mirror. It also provides thdiafization procedure for

moving the mirror to its index position at systeawer up.

The cal stepper controller is only implemented éntain radiometer models
(e.g. RPG-DP150-90) with an internal calibrationror but external elevation
scanning.

The azimuth positioner controller can be controlilgda host serial interface
(old versions), or directly from the radiometerti& controller is connected to
the radiometer’'s azimuth serial interface, ther# la@ an entry ‘responding’

here.

Receivers: Indicates the status of the installeskiver modules. From the
radiometer model type, the host determines the eurob receiver modules
and displays, which of them are responding or not.
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Master Radiometer Status
Software Version: Cable: & Lines u|
Controllers

GRS ) Main Contr. : unknown

GPS-Clock Elev. Stepper: unknown
GPS Status: unknown Cal. Stepper : unknown

Posttion : unknown
Radiometer Time: unknown

Rad. Azimuth: unknown

Recei : unknown

Radiometer Date : unknown Cewers
Real Time Clock Infrared Radiometer|s)
RTC Status 1 unknown IRR1 tunknown T1 sunknown
Temperatures IRR2 :unknown T2 iunknown
Environment @ unknown Flazh Disk Capacity:
Ambient Target: unknown Capacity [kBytes]: unknown
Ret:ei'u'eﬂ ! unknown Other Sensors
Receiver 2 : unknown Barometric Pressure: unknown
Rec.1 Stability  : Relative Humidity  : unknown
Rec.? Stability X-Inclinometer (Elev.): unknown

Unit : | Celsius 3 'l'-l_ll[:llllﬂl'l'lﬂter : unknown

Rain Flag : unknown

Calibrations Elevation [ Azimuth Scanners
Gain Calibration : HOT ACTIVE Elevation angle: unknown
Hoize Calibration: HOT ACTIVE Azimuth angle : unknown
Sky Tipping : HOT ACTIVE Bound. Lay.-Scan: NHOT ACTIVE
Measurement
Time Reference: unknown Duration :
Date @ --|--|---- Time: --|--|-- Start Time:
File Backup : Stop Time:
Repetition Filename :
Detector Voltage Recording {*.LV?0 File Gen.):
Cur. MDF
MDF List "

* GPS Indicates if a GPS clock is installed or not ahe global position of the
radiometer location (at least 5 GPS satellites hevde visible to provide this
information). The radiometer time and date is dlyederived from the GPS clock (if
installed).

* Real Time Clock Indicates if the real time clock on the radiome®€ is working
properly.

* Disk on Module (DOM) Capacity The radiometer PC is equipped with a flash
memory hard disk (no movable parts) called DOMcé#pacity — when empty - is 250
Mbytes. The status indicates, how much memory (oredsin kBytes) is left for the
backup of measurement files. If the remaining fremmory is less than 20 Mbytes the
backup files should be flushed (see section 5.4)eW10 Mbytes are reached no
further file backup is performed.

* Infrared Radiometers If the optional infrared radiometer(s) is (ar@ptalled, the
infrared temperature(s) is (are) displayed herés @hata can also be used as input for
retrievals. In combination with the temperaturefigs, the cloud base height can be
determined. The IR temperature provides a clougl (B least for non cirrus clouds).

* TemperaturesFour temperature sensors are implemented:
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o The environmental temperature sensor is locatesidribf the radiometer box
below the dew blower. The sensor data is an impbn@rameter for the
absolute calibration cold target temperature megsent.

o The ambient temperature target sensor preciselysumes the built-in
calibration target temperature. The precision af #ensor is essential for ALL
calibration procedures.

0 Receiverl / Receiver 2: These temperature sensgtsctr the physical
temperatures of the receiver modules which areliidh to an accuracy of <
0.03 K. Typical sensor readings are around 40°Ce Termal receiver
stabilisation is continuously monitored. If the eg@r temperature is kept
constant to within +/- 0.03 K the status indicaton the right of the
temperature display is green. If it turns to red $tability is worse than this
threshold. In addition the actual stabilisationuesl are listed. The colour of
the stability status indicator turns to yellow dtrenough temperature samples
have been acquired to determine the stability.

Other SensorsFive additional sensors are monitored:

0 Barometric Pressure: The pressure sensor mea$igrémtometric pressure in
mbar (accuracy £1.0 mbar). The data is used inlébermination of the precise
boiling temperature of the liquid nitrogen coolansed in the external
calibration target during absolute calibration.

o Relative Humidity: The sensor is located belowdk®& blower system outside
of the radiometer box. The data is used to corntreldew blower fan speed
when reaching a software predefined thresholdadtsiracy is +5%.

o Rain Flag: Status of the rain sensor. The flagsesduo operate the automatic
shutter system and is monitored with all measuresnendistinguish between
rain events and no rain.

Calibrations Here the status of automatic calibrations (gaalibcation, noise
calibration and sky tipping, see section 4) is rtareid during measurements. All
calibration data is automatically logged in the file located in
MY_DIRECTORY\RPG-HATPRQ\ The contents of that file can be inspected with

the& command (described later).

Elevation Scanner The data displayed here is the current positibthe elevation
scanner. The azimuth value only shows two positiOAsand 180°. 0° means that the
elevation scanner is currently moving in the quatimarked by the orange arrow on
the radiometer box. 180° indicates that the elewmaticanner is moving in the other
guadrant (only relevant for sky tipping bidirecidmmode). Also displayed is the
status of the boundary layer scan (see section 2.3)

Measuremertt During measurements this group box displays Iddlige the file name
of the current measurement, when the measuremenstaged and when it will end,
the time reference (UTC or local time), if file tkap is enabled on the radiometer PC
and the batch repetition factor.

5.4 Data Storage Host Configuration

There are two different ways of data storage dumegisurements:

Data files are stored on the radiometer PC by emabhe file backup option in the

measurement definition file (MDF, explained latéFhe data transferred to the host
for online display are not stored by the host R@hé data files need to be inspected
or further processed then they have to be tramsferom the radiometer to the host
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PC. This procedure can be quite time consumingtdude relatively low transfer
speed via the RS-232 connection (9 kBytes / seg.)mahe only advantage of this
storage mode is that once the measurement hasdstdre host can be disconnected
from the radiometer (it is then replaced by a Hesplacing Connector) while the
radiometer continues its operation.

* File backup on the radiometer PC is enabled obthsband the data transferred to the
host PC is stored by the host in a predefined daggtory. This is the most common
operation mode for long term measurements becaatsefites are transferred online
from the radiometer to the host. Of course the lsostputer has to be permanently
connected to the radiometer PC. When the host msemed to a network it can
regularly send the data files to an FTP serverttatéar away from the measurement
site. The file backup on the radiometer is onlyduas a safety option for the case that
the host PC has a power failure or hard disk prable

The Host Configurationgroup box on the main screen displays the datagodetails. It is

possible to change the settings by cIick[ﬁ%;. (Define Directorieg. The automatic host data

storage during measurements can be enabled orletisabhd the data storage directory is
selected from the directory tree showrbDiata Directory In the same menu one can specify if
an ASCII or netCDF version of the data files (whae in binary format by default) shall be
generated. ASCII and / or netCDF files will thehtfiis option is selected) be stored to the
same data directory as the binary files.

%l Define Directories and Data Formats

Selected Data Directory:  CLURPG-HATPRO'Data El
Drata Directory Data File Archiving Guicklooks Generation
B = - A'; Enable Guicklooks Directory:
[== C++ Projekte Builder 2010 [ [ C:
|;0 west Dir. Level = C++ Projekte Builder 2010
(_imonthly (= RPG-HATPRO
£ BMP (&) daily | = Data

C1cs | Auto File Concat, | i Quicklooks
) Development Enable
(] Quicklooks [ Del. Hours Files
FiRS. |
= c: [laufwerk_c] v Start Archiving =l ¢: [lawdwerk_c] v |
File Formats []Enable OL Period: m v_i
Awutomatically store monitored data (Data Directory) C‘ Bitmap @ JPEG

|:| Automatic ASCIIHfile generation, ".ASC (Data Directory)

|:| Awutomatic netCDF file generation, . HC {Data Directory) O bl DL '@ QUEEWT e
|:| Automatic BUFR file generation, '.BUF (Data Directory) ) -
|:| Suppress hinary file generation AL Disgram b st

Quit

Define Directories and Data Formats Menu includingata archiving.

Data archiving is a useful feature to prevent tamdlirectory to be filled with tenthousands
of files which may overload the operating systen® dperating systems cannot handle many
(in the order of tenthousands) files in a singleectory. If Enable is checked, the software
automatically creates sub-directories in the datctbry and stores the data files according to
the year, month and day they are generated. Hilp & would be stored in a
directory ...\RPG-HATPRO\Data\Y2008\M11\D26if daily is checked or in...\RPG-
HATPRO\Data\Y2008\M11\if monthly is checked. Automatic file concatenatito daily
files can also be enabled (same feature as irsestl 3).
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Quicklook files can be automatically generated atated to a separate directory. The file
formats BMP and JPG are available. When clicking th button, a list of
graphics windows is displayed. Each of these wirglm@an be enabled / disabled for
quicklook file generation. When enabled, a certaaphics display is periodically (defined by
QL Period converted to a JPG or Bitmap file and storedhéoduicklook directory.

5.5 Exchanging Data Files

The radiometer PC’s hard disk has three directontbgch are accessible from the host
computer:

» Data Files Directory
» System Files Directory
* Root Directory

The data files directory is used to store all backieasurement files with unlimited access for
READ and WRITE. The system files and root dire@srcontain files that are essential for
the radiometer operation. That is why the accesthfse directories is READ ONLY. lIts files
should not be manipulated or deleted by the ugene tries to write to these directories, the
host prompts for a password to be entered. Onlyade@meter administrator should know
this password for software updating (overwriting ). Overwriting with a
non-operating software or deleting this executditdewill disable all radiometer functions
and requires a system re-initialisation by RPG!

o

To get access to the radiometer directories &% (Exchange Data and System Files with
the Radiometer. Themenu in Fig.5.2 will be displayed

Transfer Data and System Files

Host

Master Radiometer

|man s

Transfer Status
Transmitting File : HONE
#of Bvtes in File: Bytes

W

[

| Transmitted Bytes

[32RTM.EXE | %) System Files Dir. HiGs _ FilePath

325TUB.EXE ~ | ) pata Files Dir. [} 2CH.BAK Al B
DPMI32VM.OVL O ok i [} 2CH.CFG [~ RPG-HATPRO
FREOU.DAT =i ] 2CH.EXE | i Radiometer PC
2CH.OLD Fre.e IlZIllslk"Spalql:e [ 2CH.old -

22:-3 3 930536 kB 1 32RTM.EXE

SEHSOR.SCL ] 32STUB.EXE

DELTA_F.ADJ m [ ABSCAL.CLB .

ABSCAL.HIS |} ABSCAL.HIS Sl

2CH.CFG — =

BAUDRATE.DAT | File Size: File Size: =nl |

Total # of Bytes : Bytes [ ] Sum of Transmitted B.
Transfer Rate : Bytes | Sec. Elapsed Time : 00:00:00 Total Time : 00:00:00
ot Fles: 010 I << C- - CANCEL

Fig.5.2: File transfer menu.
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File transfer is necessary when backup data figesino be copied from the radiometer hard
disk to the host computer. If file backup is endbier a measurement, the instrument stores
all data files in itdData Files Directory.

The System Files Directorycontains the following files:

. runtime library

. stub file loaded by to enter protected mode

. overlay file for DOS protected mode interface

. radiometer software

. contains frequency list of radiometer

. contains radiometer ID (RPG-HATPRO, etc.)

. sensor calibration file

. absolute calibration parameters

. absolute calibration history file

. only for RPG-HATPRO and RPG-TEMPRO. Tuning file

for oxygen line center frequencies

is the executable that boots up when the radiomstaurned on. The program

handles all automatic tasks like detector readmlibrations, elevation scanning, file storage
etc. The only reason for writing to the system flleectory is the installation of a

software update. Write operations to the systees filirectoryare password protected and are
reserved for authorized personnel only (contact Ri*@assword information).

Reading from the system files directory is requivdten the absolute calibration history file
shall be inspected. The file stores all absolute calibrations (including
successful tip curve calibrations). Once copiecany directory on the host hard disk its

contents can be browsed by % command (see section 5.6).
Toggling between data files directognd system files directordisplay is achieved by
pressing théata Files Directoryor System Files Directoryadio buttons in th&adiometer

group box.
By double clicking on one of the files in the litie file size in Bytes is displayed. In order to
delete the backup files from the data files dirgciaress > This will delete

all backup files from the radiometer. It is not pobksito delete single backup files because
they are packed together in bigger files to redheetotal number of files on the flash drive.
DOMs have problems in handling large numbers asfilDuring a 3 month continuous
operation up to 20.000 data files are generatedhbyRPG-HATPRO radiometer which
would overload the DOM file system capabilitieghey were stored as single files. Packing
these files is the only way to handle the problBefore flushing the backup files they should
all be copied to the host first (if the data wa$ monitored on the host PC with automatic
data storage). By pressing only single files are removed from the systemsfile
directory (password entry required).

When a file needs to be copied from the host tadldéometer, first browse through the host
directory tree and mark the file in the file lidthen selecData Files Directoryor System
Files Directory and press-<. The copy progress is displayed in theinsfer Statusgroup
box. Copying in the other direction (from radiometehost) is done with the> command.
Multiple files may be selected for deleting ane fitansfer in both directions. If a file transfer
in progress is aborted, the user may terminatepleeation by pressing <ESC>.
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5.6 Inspecting Absolute Calibration History

As mentioned in section 5.4 the file located in the system file directory on the
radiometer PC stores all absolute calibration tesdlhis also includes the successful tip
curve calibration of the water vapour line channklorder to inspect this calibration history,

first copy from the radiometer to the host. Then prli'; (Open Data Filey

and selec% to invoke theAbsolute Calibration Historymenu. Load the previously copied
file with and the list of calibrations is displayed (see

Fig.5.3).

The listed entries are incrementally numbered @ued by #). The entry syntax is:

When an entry in the list is marked; removes all entries after the marked
entry. This feature is useful to remove ‘bad’ caliibns from the list (typically the last
calibration). With a new calibration file IS generated using the
calibration numbers specified for receiver 1 andf2he modified file is
copied to the system files directory (password gutatd) the radiometer will load the new
calibration parameters from when boots up the next time.

Iz Absolute Calibration History

ID: Temp. Profiler + 90 GHz Channel
Calibration List:

#34: Absolut / Absolut, (27/09/2004 09[33]09) || (27[09]2004 09[33[09) ~
#35: Absolut / Absolut, (2709/2004 09[34/46) || (27]09]2004 09|3446)
#36: Absolut / Absolut, (27]09]2004 09(36]22) || (27[09]2004 09(36/22)
#3T: Absolut / Absolut, (2709|2004 09[37|57) || (27/09]2004 09[37|57)
#38: Sky-Tip / Absolut, (27]09]2004 17[14]55) || (27]09]2004 09|37|57)
#39: Absolut | Absolut, (27]09]2004 09[37|57) || {27/09]2004 09[37|57)
#40: Absolut / Absolut, (111102004 14]21]24) || (11[10]2004 14(21|24)
#1: Sky-Tip / Absolut, (1110[2004 17]27[17} || (11]10]2004 14[2124)
#42: Sky-Tip / Absolut, (1110[2004 17|58[37) || (11/10[2004 14/21]24)
#43: Sky-Tip / Absolut, (11]10[2004 23|58(38) || (11/10/2004 14]21]24)
#44: Sky-Tip | Absolut, (12[10[2004 05(58(39} || (11/10/2004 14)2124)
#45: Sky-Tip / Absolut, (1210[2004 17|58(50) || (11/10/2004 14)21]24)
#16: Sky-Tip / Absolut, (13[10[2004 06]02[00) || (1110]2004 14)21]24)
#4T: Sky-Tip / Absolut, (1310[2004 12]02[01} || (11]10/2004 14]21]24)
#48: Sky-Tip / Absolut, (15/10[2004 06]08[34) || (11/10/2004 14)2124)
#49: Sky-Tip / Absolut, (1610[2004 18[15[35) || (11/10/2004 14/21]24)
#50: Sky-Tip / Absolut, (18[10[2004 12]20/44) || (11/10[2004 14)21]24) ¥

{ Load History File | Delete Last Entries | Close

Generate Calibration File

Receiver 12 | 227 Receijver 2 2 | 227 Generate

Fig.5.3: Loading the calibration log file into the calibration history list.

Double clicking on one of the entries opens@adibration Resultsmenu in Fig.5.4. For each
receiver channel the four parametés, Tsysand T, (see section 4.1.3) are listed. In addition
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the calibration type, calibration time and physitahperature of calibration targets and the
environmental temperature are stated.

5.7 Inspecting Automatic Calibration Results

Automatic calibrations are those described in sacd.3, 4.4 and 4.5 (Gain, Noise, Tip
Curve). These calibrations are performed automitiday the radiometer following the
calibration settings in the measurement definitida (see section 5.8). Monitoring of
automatic calibrations is carried out by the (eedpRadiometer Statusvindow on the main
screen. The corresponding log file SAL.LOG located in MY_DIRECTORY\RPG-
HATPRO\

[Z} Calibration Results

Radiometer: RPG-HATPRO Radiometer (Humidity and Temperature)

Humidity Profiler

Calibration Type: Sky-Tipping Date/Time: 24/01(2005 14/11[52 Environmental Temp. : 2818 K

Atm. Pressure: 1024.4 mbar Hot/Cold Temperature: 290.5K ' 2.TK
Gain: System Hoise: Noise Diode: Alpha:

22,2400 6073 mi K 22,2400 393.0K 22,2400 333K 22,2400 0.988
23040 4698 myWK 23040 3721 K 23040 611K 23,040 0.99T7
23.840: .73 mi K 23.840: 3791 K 23.840: 933 K 23.840: 0,971
25. 440 5640 my K 25,440 4239 K 25440 1942 K 25,4400 0.983
26.240 4504 mi K 26,2400 4233 K 26,240 204.2 K 26,240 0.998
2784 3.768 mV /K 2784 083 K 27840 669.9 K 27.840: 0.9%0
400 2,933 mUK I.400: TH0.0 K 3400 M55 K I1.400: 0,999

Temperature Profiler

Calibration Type: Absolute DateTime: 11102004 1421]24 Environmental Temp. : 290.T K

Atm. Pressure: 1001.6 mbar Hot/Cold Temperature: 2938 K/ TT.3 K
Gaim: System Hoise: Noise Diode: Alpha:
51260 3.049 mi K 51.260: 935.9 K 51.260: 3716 K 51.260: 0.9T1
52,280z 3.308 mV K 52,280 8633 K 52,280 3241 K 52.280: 0.980
538602 3119 myK 53.860: 8418 K 53.860: 208.4K 53.560: 0.9T5
54940 4461 miK 549400 T54A8 K 54.940: 169.9 K 54.940: 0,973
56660 3.926 mVK 56,660 T4L3 K 56,660 9T.2 K 56.660: 0.958
5T.300: 4720 mi K 5T.300: T42.5 K 57.300: M3 K 5T.300: 0.950
58.000: 5.310 mi K 58.000: T59.9 K 58.000: 85.TK 58.000: 0.947
oK

Fig.5.4: Display of absolute calibration parameters

For inspecting this log file pre:& (Display Automatic Calibration History. The menu in
Fig.5.5a appears. In thigain Calibrationsgroup box only gain parameters are displayed (the
only parameter that is adjusted by this calibratiyge, see section 4.4) while alsgs{Tsy9
and T, ( ) are selectable iNoise Calibrationsand Sky Tipping Calibrations The user
may zoom into the data by clicking on the graphldisplay (holding the left mouse button
pressed) and dragging the mouse cursor to a sguosiion. When the mouse button is
released the new data window appedrs: reverts to the previous zoom. The precise
moment of each calibration is indicated by a d@n(d- toggle this feature). All diagrams are
synchronized if is active. Then zooming and zooming out is
performed on all displays so that a common time &imaintained.

switches back to the non-synchronized display mode.

Below theSky Tipping Calibrationsdata display the successful calibrations are nohbyea
green bar while failed calibrations are markeded. By clicking on one of these bars the tip
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curve calibration details are listed and a graphdisplay of the sky dip is shown (see
Fig.5.5b).

EEE

[Z Inspect Calibration Histary
- Gain Calibrations

Receiver 1: Im [
Receiver 2 [31.400 6 <

Act.Channel: | 23.800 GHz
First Calib.: | 10112004 | 16:12:44
La 12:1:2004 || 05:47:21
Hest Calib.: i
Samples: | %5 |||
[ A0:tt:2004 1 16:24:24 | | 000414570 WK |

||| Zoom Out |

Moise Cabrations

Receiver 1z |23.BD|] GHz 'I L
Receiver 2: |31.4D|] GHz 'I L

Act. Channel: | 23.500 GHz |
Fi 'I-hn- 112004 || 10:07:37
12:11:2004 || 08:12:36

‘Samples: | 23| _J_:]' .
| |

anl Tsys Zoom Out
" Sky Tipping Calibrations
Receiver 1: |23.BD|] GHz vl

Receiver 2: |31.4D|] GHz vl

Act. Channel: | 23.800 Ghz

First Calib.:

10:11:2004 | 16:15:55
1212004 || 04:07:40

Hiext Calib: i
“Samples: N EN

I'n;n;zoo-t 11045448 | [0.00345380 Wi |

Zoom Ot I
oo | Toye | rooiee| (GRLIALED
Synchrenize Diagrams I OK

Fig.5.5a: Display of automatic calibration paramete

2] sky Tipping Fit

Channel: 22.240 GHz | Calibration Status: SUCCESS Date/Time: 16052009 05:18:47

Linear Correlation:  0.499983 | Chi*Zi 0425786 |

e I

Fig.5.5b: Display of sky tipping fit and detailecsult list.
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5.8 Absolute Calibration

After setting up the external cold target as désctiin chapter 4.1.2, an absolute calibration

is initiated by pressin& (Perform Absolute Calibratioj. The menu in Fig.5.6 is shown, if
the connected instrument is a profiling, LWP oping radiometer.

When the absolute calibration menu is enteredrémguency list is loaded from the connected
radiometer and displayed @alibrated FrequenciesThe list contains the frequencies of both
receivers that will be calibrated assuming theteelareceivers are checked (ekfuumid.
Profiler, Temp. Profile)) in Receiver SelectianThe integration time iTis selectable between
5 Secondsand 60 SecondgIntegration Time group box) and defines the integration time
period for each calibrated channel. The total irgiggn time is given by =4 * T; + 10
because four integration cycles have to be passeording to section 4.1.3.1 (four point
method) and calibration mirror movements take al@ugeconds.

Start Calibration starts the absolute calibration procedure. Dugagbration the current
activity is displayed in the message line. When ititegration cycles have completed, the
messageCalibration successfull Save®s displayed and the user has to confirm to shee t
calibration with Continue. The absolute calibration parameters are thenedtam the
radiometer PC. Leave the calibration menu by pngssinished.

%2l Absolute Calibration

1D: RPG-HATPRO Humidity Profiler + Temperature Profiler E|
Calibration Status Calib. Frequencies
Channel Information
Receiver 1 | Al
Frequency: Volts (Hot): |
Volts (Cold): | e e s,
Receiver 1
Receiver 2 22,240 GHz
Frequency: Volts (Hot): 23.040 GHz
- 23.840 GHz
Volts {Cold): | 25,440 GHz
26.240 GHz
=z 27.340 GHz
Time onlLoad  Amb. Target LU-Temp. Elev. Angle _ 11.400 GHz

ves: [

51,260 GHz
LH-Target Pos. Rec. Selection Integration Time 52,280 GHz
(%) 15t Quadrant Humid. Profile [ 5Seconds A gigjﬂ :::i
1 2nd Quadrant Temp. Profile 10 Seconds | &
: 56.660 GHz
15 Seconds 57,300 GH
Pressure Corr. | 20 Seconds j : -
= | o 58.000 GHz
*) Automatic |30 Seconds '
Use P Value 40 Seconds '
L& Serandds
P: | 950 mbar | | 30 Seconds

| start Calibration |

1EELIN

Fig.5.6: Absolute calibration menu (profiling, LWRNd tipping radiometers).

If the error messag®lo response to cold load. Calibration terminatedppears, the cold
target was probably not filled with liquid nitrogenwas not installed at all.
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No noise diode response. Calibration terminataddicates a malfunction of one of the noise
sources. Contact RPG for help in this case.

For the radiometer models RPG-15-90, RPG-HALO-K\PGQRHALO-119-90 and RPG-
HALO-183 the absolute calibration menu looks shghiifferent:

| Absolute Calibration

ID: RPG-HALO-KY E|
Calibration Status Calib. Frequencies
Channel Information REcEnEr
Receiver 1
i 22240 GHz
Frequency: Vobts (Hot): | o000 v 23.040 L':Hz
Volts {Cold): | 23840 GHz
25,44 GHz
Receiver 2 26.240 GHz
Frequency: Volts (Hotk: | 1,340 v 27.840 GHz
; 31.400 GHz
Volts {Cold): |

Time on Load Amb. Target LH-Temp. Elev. Angle

_ Receiver2
Mes.: [N 5000 o
51.7T60 GHz
LH-Target Pos. Ree. Selection Integration Time 52300 i;Hz
(5} 15t Quadrant Humid. Profile [ 55econds A 53.750 GHz
(2 ougdrant Temp. Profile 10 Seconds || 54,940 GHz
15 Seconds 56.660 GHz
Ambient Target Pressure Corr, | 20 Seconds 58.000 GHz

[ ] Automatic (%) Automatic 30 Seconds
T[°C]: | 25.0°C {JUse P Value 40 Seconds [

LE0 Sacnnile

F: . 950 mbar |30 Seconds

| start Calibration | Cancel Collbration

Fig.5.6b: Absolute calibration menu (RPG-15-90, RREALO-KV, RPG-HALO-119-90
and RPG-HALO-183 models).

It contains the additional boAmbient Targetas indicated in Fig.5.6b. As discussed in
section 4.1, an external calibration target is uedmodels RPG-15-90, RPG-HALO-KV,
RPG-HALO-119-90 and RPG-HALO-183, shown in Fig.4.Tthe target temperature is
measured manually by a precision thermometer anehitie has to be entered in the edit box
labelled T[°C]. It is important that the checkbaxutomatic remains unchecked. During the
calibration, messages in the message box are yéspldat prompt the user to change the
targets from ambient to cold target.

5.9 Defining Measurements

Before a measurement can be started, it has toefieed. The various measurement
parameters are then stored in a MDFe@ldurement Efinition Fle, extension ). The

radiometer is capable of processing multiple MDE®m®matically which are combined in a
MBF (Measurement &ch Hle, extension ). The MBF is a batch file similar to DOS
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batch files but only intended to group MDFs. Onl¥8Fs can be sent to the radiometer, not
MDFs, even if just a single MDF shall be sent.dstho be encapsulated in a MBF file first!

To enter theDefinition of Measurement and Calibration Paramet®rmenu pressrii:
(Define Measurement Parameter Files (MDF and MBF)

The measurement definition menu has several taketsh&ky Tipping Standard
Calibrations Products + Integration Elevation Scanning Timing + ..., MDF + MBF
Storagg which should be processed from left to right (B&p5.7).

5.9.1 Sky Tipping

The sky tipping (or tip curve) calibration is debed in detail in section 4.5. Fig.5.7 shows
the corresponding definition tab sheet.

|E| Definition of Measurement and Calibration Parameters

Sky Tipping | Standard Calibrations ] Products + Integration | Scanning ] Timing + ... | MDF + MBF Storage |
ID: RPG-HATPRRO
[~ Enable Sky Tipping Timing - Scan Alfgles [DEG] Calibrated Frequencies
Period: Elevation [v Humidity Profiler
Add
Default Settings | G Howrs LJ —J Iy
EYN
7 period absol. (0:0:0) ;20 i _EEIEIE Disabled bands are not cali-
: I brate:d by sky tipping
7 rel. to measur. start 30.0
33.6° :
b first cal. @ mea. start 38.4° " -~ Calib. History {CAL.LOG}
| Bilateral Tipping step resolution: 0.6° [ HE
Averaging Blank Period | Rz
[ (% o Azimuth i
v Enablei & it
Av. Depth: | 50 step resohution: 0.1° 'O
e
Ouality Ckeck Thresholds:
I Enable zenith thresholds Define Zenith Thresh. ] Rece_w_e:r L Beber e
Humicdity Prodf. Temp. Profiler
i I | Type: Zenith Type: Zenith
v Enable CHI*2 thresholds Define CHI*2 Thresh. | Threshold: Threshold:
v Enable linear correlation thresholds Correlation Thresh. | | 300K | 30.0K
Slave Thresh.: Slave Thresh.:
| s0.0kK | 800K
OK

Fig.5.7: Measurement definition file menu, sky tippg tab sheet.
The scanning angles listed in tls&an Angles [DEG]group box are predefined to give
equidistant air mass samples in the sky tipping gttee air mass is proportional to 1 / sin(
see section 4.5). They can be modified Axyl and but it is recommended to only
define angles >20°. If the radiometer’s horizontew is blocked by obstacles the lowest
elevation angle should be adjusted appropriately dmould not be >30° to maintain the
calibration accuracy. In addition, the azimuth an@pr the sky tipping direction can be
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selected independently from other observation [ost if an azimuth positioner option is
installed. The calibration reliability may be impeal by checkingBilateral Tipping
(Handling group box). With bilateral tipping the radiomeseans the elevation angles in both
guadrants (0° and 180° azimuth angle) to detecsiples inhomogeneous water vapour
distributions which might violate the requiremefds a stratified atmosphere. This of course
assumes a free view to both observation sides leet@@° and 90° elevation.

Sky Tipping is enabled by checkitghable Sky Tipping The user can specify how often a
calibration shall be performed by selecting a per@tweenl0 Minutes and 24 Hours
Practical periods are 2 to 24 hours because themader gain is normally calibrated every 5-
10 minutes by a gain calibration and a full paranegcalibration (including s and T,) is
not required so frequently. In addition a tip cumterrupts the measurement for more than
three minutes which should be kept to a minimum.

Furthermore it is possible to define the time oé thrst tip curve calibration in the
measurement. By checkimgriod absol. (0:0:0the calibration will start relative to midnight
time, e.g. with a period of 6 hours and a measun¢start at 3:00 pm the first calibration will
take place at 18:00 assuming tliadt cal. @ mea. staris not checked. Ifel. to measure.
startis checked the calibration timing is relative teasaurement start time.

As explained in section 4.5, tip curve calibratiare only applicable for humidity profiler
channels. That is why theemp. Profilercheckbox is disabled.

So far three quality checks (thresholds) are impleted:

* Zenith threshold. In the presence of clouds (whwblate the assumption of a
stratified atmosphere) the observed zenith brigggnéemperatures (BTs) are
significantly higher than under clear sky condifofhe user can define maximum
BTs as a threshold for each channel to rejectdlibration.

» Linear correlation factor. This measures the catieh of the optical thickness
samples (as a function of air mass) with a stralgi®. Typical linear correlation
factor thresholds are >0.995. The linear correfatactor is not sensitive for the noise
of the optical thickness samples caused by clotals e

« YZtest. This measures the variance of the opticakmiess samples relative to the
straight line. Typical threshold values are <0Ad@ood quality calibration.

With L and the
corresponding thresholds can be entered iTthreshold Definitiongroup box.
The main purpose of a sky tipping calibration isrégalibrate the noise diode secondary
standards (see section 4.2). In order to avoid euddhlibration jumps in the Tb data,
subsequent successful skydips can be averagebdasthe calibration noise is reduced. The
averager depth can be set between 50 and 100. Wieeaging is used, the preset thresholds
for linear correlation and standard deviation sHolok relaxed to achieve more successful
calibrations for a better calibration statisticds@\the period should be adjusted for more
calibration trials, e.g. one hour or less.

resets all skydip parameters to reasonable stanvdduids, optimized for the
specific instrument in use.
The radiometer PC is capable of averaging sucdeskfutipping calibrations in order to
avoid sudden calibration jumps in the calculatadhiness temperatures (TBs). If calibration
averaging is desired, the checkb@&@uable in the ‘Averaging’ sub-menu should be checked.
If enabled, the averager uses the numBer Depth of successive calibrations in the
averaging process. Reasonable values are in the /R 100.
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5.9.2 Defining Automatic Standard Calibrations

On this tab sheet the user defines if and how off@n calibrations and noise calibrations
shall be performed. For gain calibrations, only amebient target is used (one point calibr.),
which is the fastest calibration. Reasonable perix@ 5 minutes. The gain calibration does
not correct for system noise temperature variatawhgh is only required with periods of
several hours or days (noise calibration).
The noise calibration utilizes noise diode switghand the ambient target, thus takes about
twice as long as the gain calibration. For the RIP&-PRO, a relative calibration takes about
15 seconds while a noise calibration takes 35 skxdrhe user can enable or disable each of
these automatic calibration options and definettiggering. Additionally noise calibrations
might be selected for only one of the two profilers

resets all standard calibration parameters to nedde values, optimized for
the specific instrument in use.

|E| Definition of Measurement and Calibration Parameters

Sky Tipping Standard Calibrations | Products + Integration | Scanning ] Timing + ... | MDF + MBF Storage |
ID: RPG-HATPRRO
Relative Calibrations {Gain Drifts) Calibration with secondary standards {noise dicde}
Period: Integration Time: Period:
|m = dsec - 120 Min -
v Enable relative calibrations v Enable calibration utilizing secondary standards
jv Humidity Profiler | Temperature Profiler
Trigger Trigger
(* Period beginning at measurement start (* Period beginning at measurement start
™ Period relative to 00:00:00 i~ Period relative to 00:00:00
7 it v
Default Settings
OK

5.9.3 Products + Integration

On theProducts + Integrationsheet (see Fig.5.8) the user selects the prodecignts to be
acquired and calculated by the system. Only th@eduycts are enabled in the product list,
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which are compatible with the actual radiometerficpmation, e.g. for a RPG-HUMPRO
radiometer, all temperature profiling products @disabled.

For those products with associated retrieval fitbg, user can select one of the retrievals
listed in the related list box. The entries of thé®xes reflect the data base that is currently
available or applicable, e.g. LWP retrievals existhree versions: one for two channels (for
23.8 and 31.4 GHz, RPG-LWP radiometers), one fagetlthannels (23.8, 31.4 and 90 GHz,
RPG-LWP-U radiometers) and one using 7 water vapinarchannels (22.24, 23.04, 23.84,
25.44, 26.24, 27.83 and 31.40 GHz, RPG-HATPRO / HRR® radiometers).

When the user of a RPG-LWP radiometer defines a MD€ only retrievals that will be
listed in the LWP retrieval list box are those f@o channels. If he upgrades to a RPG-LWP-
U, the three channel retrievals are also listed.

Right clicking on one of the retrieval file entriepens a text window displaying the retrieval
file contents. A description of retrieval files amdw to create them will be given later.
Modifications of these files should be restricteda qualified personal only. Otherwise the
modified retrieval algorithm may not work properly.

|f| Definition of Measurement and Calibration Parameters

Sky Tipping l Standard Calibrations Products + Integration l Scanning l Timing + ... ] MDF + MEF Storage |
Instruments: RPG-HATPRRO
List of Products Corresponding Retrievals i~ Total Integr.Time
Level 0:

I Detector Voltages + Cal. Par. + ... Betubw bie bdiar |

Level 1:
v Brightness Temperatures no retrieval requited 1 sec -
v Brightness Temperatures (BL) no retrieval required ’m
v Infrared Radiometer Data no retrieval requited 1 sec -
Lewvel 2:
¥ LWP (Liquid Water Path) CBlLwP_or MA FZK VIRET B4 1sec v
v WV (Integrated Water Vapour)  =hb ||w'..r OR_MA_FZK_V1.RET - isec v
[ Atm. Attenuation :ﬁ: | Lj | sec Lj
v Wia Tmr
¥ Humidity Profile (full trop.) = | [HPT_oR_FzK_v1.RET - | G0sec vl
W Temperature Profile (full trop.) -:|]:- |TPT_||}R_F2|{_U1_P_ET j ’m
v Temperature Profile {BL) .:[I:. TPE_LR_FZK_V1.RET LJ ’m
EEAL e AsHUDR: e j‘ l I?g‘:l:':gi;:mh::ﬁ;nstcan IIII15"'“:“:'2‘|E1(I Ouadrant
Stability Indices | " Bilateral Average
Gihcre: | Lo Bilateral (Two Secans)
| Tmr Retrieval Overwrite l=|]=- ‘TMP._LR_SFH_M"I.RET ﬂ
W Meteorological Sensors no etrieval required 1 sec -
v Housekeeping Data Specify no retrieval required 1 sec -

0K

Fig.5.8: Specifying the retrievals and other prodsc available for the radiometer
configuration.

For each enabled product a separate integratianisreelectable, but there is an exception: It
is not possible to define a different integratiame for theBrightness Temp. (boundary
layer) andTemperature Profile (boundary layeproducts because these products are closely
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related to each other. In fact the temperaturelprisf just a further processed product derived
from the brightness temperatures of the boundaygrlascan. The user may define a
customized T, retrieval and overwrite the default radiometgy; Tetrieval. If specified and
checked, the new retrieval is used for sky tippiagjbrations. For explanations on,/Tsee
section 4.5.

Boundary layer scans can be combined with fulldsghere temperature profiling in a single
measurement. If only boundary layer scans shakkdyeed out, select the ONTINUOUS
entry in the TP-BL Repetition list box; only boumgdayer profiling data, meteorological
sensor data and infrared radiometer data (if ilestplwill then be produced. All other
selections in the TP-BL Repetition list box defiaerepetition period for boundary scans.
After a BL scan has finished, the other produdte ILWP, full troposphere temperature
profiles etc. are generated, and remain until ¢ BL period is initiated. Example: Define a
TP-BL repetition period of 600 seconds and an irsegn time of 200 seconds for the
Temperature Profile (boundary layemproduct. At measurement start, a BL scan is arrie
out which takes about 200 seconds. The next scéinstart 400 seconds later. In the
meantime the other selected products are processed.

The boundary layer scan can be performed in fofferdnt modes, selectable from the
Boundary Layer Scan Moddox. The radiometer is usually scanning in themtpiadrant
(marked by a red arrow) but it is possible to swito the opposite quadrant (calletf 2
guadrant). Two scans in both quadrants can be gegrand combined into a single BLB scan
(Bilateral average). But the two scans in the d#ifeé quadrants can also be stored
independently (Bilateral, two scans).

The Housekeeping Datgroduct represents a summary of different pararmetearacterizing
the instrumental state. These parameters are gioumpe@ 6 categories. The monitoring of
each category can be selected by clickingthecifybutton. The following menu pops up:

[E] Monitored Housekeeping Data E@@

v System Temperatures

v Thermal Receiver Stability

v Remaining Flash Memory Capacity
v Product Guality Flags

v Status Flags

The detailed description of each category is givesppendix A18.

5.9.4.1 Scanning

Sometimes it is desirable to scan the elevationirhath angle while taking measurement
samples. The details for this scanning are defindtle Scanningtab sheet. When scanning
is disabled a constant elevation angle is usedofimervations. IWV and LWP retrieval
products can be selected in combination with seannvhen multi-angular retrievals are
provided.

Thus only IWV, LWP and brightness temperature @at&’L, OLC, BRT, IRT) products may
be used with scanning. The elevation mirror movessabdivided into elementary scans from
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a start angle to a stop angle with a certain inergal angle and a given number of samples
measured at each position. These scans are nundse&xhn#1, Scan#2,....
The radiometer does not execute single scans Iyframes of scans. Each frame has a start
scan and a stop scan (can be identical) which fartleop’ of scans that can be repeated
arbitrarily. The concept of having two levels of vement definitions allows for designing
complex scan procedures. The elevation mirror spealivays constant.
A frame is defined by clicking on one of the scanshe start scan list and then clicking on
one in the stop scan list. After entering the rigjet number, the frame is added (or inserted)
to the frame listAdd or ). In addition the frame start can be triggerea tertain time
increment (e.g. 5 minutes). Three examples illbstn@w a frame is executed:
1) Start: Scan#4, stop: Scan#6, repetitions: 3
Scan#4,Scan#5,Scan#6,Scan#4,Scan#5,Scan#6,Scam#b Scan#6
2) Start: Scan#4, stop: Scan#2, repetitionss 2
Scan#4,Scan#3,Scan#2,Scan#4,Scan#3,Scan#2
3) Start: Scan#2, stop: Scan#2, repetitionss 1
Scan#2

When an optional azimuth positioner (see secti@) i8.installed, a full 2D sky scan can be
programmed by checking tl#D Scancheck box. The radiometer then uses the givem star
and stop angles for elevation and azimuth as edglesand performs a 2D scan within these
limits. E.g. a full sky scan is defined by settihg elevation start angle to 9.0°, the elevation
stop angle to 90.0° (a 9° increment angle prodd@eslevation steps at const. azimuth angle),
the azimuth start angle to 0.0° and the azimutp atwle to 350.0° (step increment 10°). This
generates a measurement of 378 scan points wahguilar resolution of 10°. The radiometer
selects an integration time of only 0.4 secondsnie to reduce the time needed for a full
scan to a minimum. The ‘Samples / Pos.:” entrygisored in this mode. The full scan in this
example takes only about 7 minutes! High speedrsognis feasible due to the parallel
architecture of the RPG radiometer’s direct detecfilterbank receivers described in section
3.2.

In the example above the 90° elevation angle wbeldcanned 36 times if théultiple 90°
Samplescheck box is checked. This leads to redundantlzénfiormation that can be used to
derive a time series of other products during $lf scanning. But it increases the time for a
full scan due to redundant samples. If the usertsvemoptimize the scanning time he can
uncheck theviultiple 90° Samplescheck box. In this case the zenith scanning aisgtenly
encountered once during a full sky scan.

When products with different integration times astected for scanning, adjusts

all integration times to the maximum integratiaméi of the products list.

Example:

A RPG-HATPRO radiometer is setup for scanning witie water vapour line brightness
temperature product (integration time: 10 sec.) thedoxygen line product (integration time:
30 sec.) selected. Then the integration time duttiregscan will be 30 seconds (also for the
water vapour line channels).

After the definition of the start angle, stop angta increment angle, the settings are stored
as a scan by clickingdd . Every scan in the scan list can be marked aedwoitten with the
current settings by using thelit command. When clicking on a scan number in tha §sg

the actual settings of that scan are displayed.
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|E| Definition of Measurement and Calibration Parameters

Sky Tipping ] Standard Calibrations ] Products + Integration  S¢anning | Timing + ... ] MDF + MEF Storage l
Scan definitions are only applicable for the following measurement products:
- Brightness Temperature Measurements - MWV, LWP, HKD, IRT {Infrared Temp.}
Eleviation angles Tor retrieval based measurements are defined in the associated retrieval files,
v Enable IRR Elevation Coupling
| rfle: DEG st ] Const. IRR Angle: 90.0 DEG
—Define Scanning Details
v Enable Scanning (if disabled, the "Constant Elev./Azi. Angle” is used)
Scans i Frames
Add Secan # Elevation Range: Frame #1
- 0°-90% main quadr ant
Edit S0-1807 second quadrant Edit
Insert Azimuth Range: Insert
Delete 0°-360° {If Azi. Pos. inst.) Delete
Elevation Azimuth Angle S e
art Sean: op Scan:
Start Angle: | 90.0° Start Angle: | 0.0°
Stop Angle: | 45.07 Stop Angle: | 0.07
Incr. Angle: | 2.4° Incr. Angle: | 0.0
ncr. Angle ner. Angle: “Renstiichs
{Multiple of 0.6 DEG) {Multiple of 0.1 DEG) )
= |1 [ Triggered
20 Scans
‘ e 1 = . y -
e g [ Enable Trigger Period; Smin ~
[ Turn on Hoise Source [ Multiple 90° Samples
Satellite Tracking
[ Enable Tracking (has priority over other scan types) Define Details
OK

By checking theEnable IRR Elevation Couplingcheck box, the Infrared radiometer(s) is
moved synchroneously together with the internalrow@ave elevation mirror, if the IRR
motor driver option is installed.

5.9.4.2 Satellite Tracking

When the radiometer system is equipped with an @hmpositioner, so that full sky scanning
is possible, the instrument can run in satellitgckmg mode by checking thEnable
Tracking check box. This feature — if selected - has gyawver all other scanning modes.

In satellite tracking mode, the radiometer periatljc scans a number of visible GPS or
Galileo satellites and measures the wet delay coemto LWP and attenuation in the line of
sigth to each of the satellites. The user shoultivate these products (IWV, LWP,
Attenuation) in the MDF product list with identicaitegration time (typically one second).
The system determines the satellite positions feolRINEX navigation file stored in the
TRACKING subdirectory (see section 5.1.2) and its own GRSitipn. The azimuth
positioner's 0.0° azimuth angle has to point to tNatirection (90° = West, 180° = South,
270° = East) to guarantee correct scanning positibm the user can specify
the tracking details.
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% satellite Tracking Details

~—Scan Trigger - Scan Objects
Period: | - Satellite Humber: | 1
+ st Period beginning at meas, start (™ Scan Single Satellite
(" Period relative to 60:00:00 + Scan All Visible Satellites
~“Sean Angle RBanges Radiometer Alitude
Lowest Elevation Angle: | 9.6° Alitude [m]: | 160 m
Lowest Azimuth Angle: | 0.0° Havigation Info Source
Highest Azinwrth Angle: | 350.9° (" Havigation File i GPS Clock G5V
oK

The period determines, in which time intervals slsan shall be repeated. In ‘Scan Objects’
one can specify, if all visible satellites shall $manned or just a single satellite. In the later
case, the user must enter the satellites numberambular scan range should be limited (e.g.
in elevation) if not all sky directions are availlue to obstacles.

RINEX navigation files can be loaded from the Ewap IGS FTP data server
ftp://igs.ensqg.ign.fr/pub/igs/datahd usually have the extension *.YYn’ where YYnsts for
the vyear, e.g. ‘08n" is a navigation file from 300 E.g. the file
ftp://igs.ensg.ign.fr/pub/igs/data/2008/225/dIftP2®n is from Delft (dIft), day of the year
225 (12. August). The RINEX navigation files ar8@ll formatted files and contain the orbit
information for all satellites of a certain navigat system like GPS or Galileo. The host
software periodically (every hour) checks if theme an updated RINEX file in the
TRACKING subdirectory and automatically loads it if avaiéabrhe software calculates the
current positions from the information given in RRENEX files and the actual UTC time and
the radiometer position on earth.

Tracking data files are stored in ASCII format watktension “*. TRK'.

5.9.5 Timing +...

Start time, end time and time reference are impon@rameters for a measurement setup.
The time reference can be set to UTC or local timinéch is UTC + time shift [h]. The
radiometer determines UTC from a GPS clock readihigh is updated every 10 minutes.
There are two ways of triggering a measurement: ddiately after launching the
measurement batch or at a certain time and dateg@sstart time before the current time is
equivalent to an immediate start. If the measurératant is triggered to a certain time, the
check boxesgnore Dateandlgnore Hour allow for a date or hour independent triggering.
This is particularly useful in a repeated multi®F batch measurement, where MDFs are
repeated multiple times. A triggering to a ceridate / time would trigger the MDF only once
but not repeatedly. E.g. lijnore Hour is checked (‘Triggered’ mode activated) and tharS
Time’ entry is set to 22|36|15, the measuremetriggered to 00:15:00, 01:15:00, 02:15:00,
..., ignoring the current date and hour. If a moegfrent trigger is required, one can use the
Rasterfeature combined with a raster period. E.g. iftartstime of 22|36|15 is defined in
combination with raster mode and a raster period @fminutes, the trigger sequence is:
22|36|15, 22|36]25, 22|36|35, 22|36|45 etc.
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|E| Definition of Measurement and Calibration Parameters

Shky Tipping | Standard Calibrations | Products + Integration | Scanning 1

.. MDF + MBF Storage |

Timing Dew Blower Heater
Termination Humidity Threshold:
() LIMITED (=) UNLIMITED {all =cans are limited’) [ 70% pH o

UHLIMITED-Modle D Always turned nn.

Filename Interval: | 1 hour - vf Hame convention: | yyMMDDHH w|
— || A S R L} Data Smoothing
LIMITED-Mo e Tem!ufralure Sensor
Humidity Sensor
File Copy on Radiometer
L I ' : [ ]Enable File Backup
{20000 max.) (8 characters max.)

Level 2 Data Ouality

For scanning, "Humber of Seconds’ and 'Stop Date Time" are ignored! i
(") Flag Data Quality (Level 2)

(%) Remove Medium / Low 0.
Measurement Start Time

Remove Low Cuali
(=) Immediately () Triggered C a7

Remove Interferences

Sun Treatment in Scans
Time Reference [] Avoid Sun in Scans

ZuTC iLocal Time : e Shift [1h] only usefull with Azimuth opt.
and after north alignment

Fig.5.9: Timing+... definition menu.

Two options are available for measurement ternonatin LIMITED mode the user can set a
duration or termination time. If the stop time isftre the start time, the measurement
duration is adjusted to 100 seconds.

In the case that the measurement has a well-defemetl time (automatic measurement
termination, LIMITED mode) the radiometer needslenime for storing backups. The user
may enter any filename not longer than 8 charactdrs host also uses this filename when it
is operated in automatic storage mode. If measuretimaing is set to UNLIMITED mode
the radiometer automatically generates filenameickd from the actual time and date and
ignores the measurement filename entry.

In UNLIMITED mode the user must terminate the measwent manually. A new filename is
generated every X hours where X is selected frariNlew Filename every’ list box. The file
format is one of 14 possible versions given in fRkename convention’ list box. In the
format string HH=hours, DD=days, MM=month and YYayeof the actual time and date.
During measurement this filename is also transohiibethe host, which uses it for file storage
of monitored data (assuming that the host is opdriat “Automatic Storage” mode).

Since the temperature and humidity environmentagaes respond quickly to changes of the
corresponding parameters (caused by turbulencéhanvicinity of the radiometer) it is
sometimes desirable to smooth the data samplesrgddarature and relative humidity. This is
important if retrievals are utilizing the meteomical sensors, but the detailed surface
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turbulence at the radiometer location are not tdrast and thus only lead to noisy retrieval
results if not filtered. IMData Smoothingone can activate a 10 minutes LIFO filter to srhoot
the environmental temperature and humidity readings

A humidity threshold can be defined for setting desv blower fan speed to full power.
Another feature of th&iming+... tab sheet is the enabling of a file backup onettibedded
PC. When backup is enabled, the checked produdtsbeiautomatically stored in the
radiometer’s data directory. This is usually dooedafety reasons because the standard mode
of measurements is to enable automatic data storagfee host (online monitored data). With
this method the data transfer virtually does nqune any time. Without monitoring the data
on the host and only storing it on the radiometebackup the user will sooner or later have
to transfer the data from the embedded PC to tisé using thelTransfer Data and System
Files menu.

For the RPG-HATPRO, RPG-TEMPRO, RPG-HUMPRO and RPBTPRO, the
radiometer PC performs quality checks on the waégrour and oxygen lines measured in
zenith mode and during boundary layer scans. Tteste include the detection of possible
external interferences or reduced quality levelafaccaused by intensive rain. The program
generates a quality flag and information for thegiole reason of a reduced quality. This
information is coded into the rain flag of each ptan(see Appendix A). More information
about quality checking can be found in appendix Allg radiometer can be programmed to
filter low and medium quality samples and is capabf interpolating the brightness
temperature of channels affected by external ieterice. In_Level 2 Data Qualitythere are
three options for filtering level 2 data (retrievatinospheric data). Thelag Data Quality
(Level 2)option does not filter the level 2 data accordioghe quality level but flags each
data sample in the rain flag byte as describedopeadix A. The user has to filter the data
samples himself but can use the quality informaitiothe rainflag byte. With optioRemove
Medium / Low Q, medium and low quality samples are not transahitte the radiometer. In
this case, the sample sent to the host is the tegpdatest high quality sample. The filter
Remove Low Qualitywill only remove the worst quality level data atrensmits high and
medium quality data. If the radiometer detects asfie interference problem (an external
signal interferes with one of the receiving chaspeit can automatically remove the
interference signal from the spectral line by ipt¢ating between adjacent channels. This
feature can be enabled by checkitgmove Interferences

Another feature is the possibility of blanking oroaing the position of the sun during
scanning observations and sky tipping. This imptlest the azimuth positioner option and
GPS clock are installed and that the azimuth tablerecisely aligned according to the
procedure described in section 8.2.2. If theoid Sun in Scanscheckbox is marked, the
radiometer will determine the sun position on tkye gutomatically when performing full sky
scans, azimuth scans (Hovmoller plots) or sky tigpcalibrations. If the sun position is
encountered, the radiometer sidesteps this podiyasoout 6° to avoid unrealistic brightness
temperatures in transparent channels.

5.9.6 MDF + MBF Storage

It is possible to send single MDF directly to the radiometer. Multiple MDFs are gathered
into a MBF (measurement batch file). The concetingilar to the Scan/Frame relationship
for scanning.

The MDFs in a batch file are executed sequentialthe order they are listed in the MDF list
(see Fig.5.10). The batch repetition number hassdme meaning as the frame repetition
factor for scanning: The MDF list forms a loop, walhiis repeated an arbitrary number of
times. This offers the user a flexibility of cominig different measurement tasks, which
would otherwise not be compatible in a single MEg. if one wants to do a scanning
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measurement (not possible with retrieved produfiipwed by a temperature profiling
measurement (a retrieved product) and repeat Ofstiines the solution is to define two
different MDFs, one for scanning and one for terapee profiling and combine them in a
batch file with a repetition factor of 100. The pnéstriction for MDFs in multi-MDF batches
is that the UNLIMITED mode should be avoided.

El Definition of Measurement and Calibration Parameters

Sky Tipping | Standard Calibrations I Products + Integration | Scanning | Timing + ... | MDF + MBF Storage

MDF Storage

[ Load Parameter File {MDF) | [ Store Parameter File (MDF} | [ Store MDF (ASCIl Version) | H

MDF Hame:

Batch File Contents

- . =
[ Load Batch File ] [ Save Batch File (= C++ Projekte Builder 2010
Batch File: [ RPG-HATPRO
| It faz MDF-MBF
Batch Repetition: 1 m i
MODF List (160 MDFs max.}:

|MDEs (“"MDF) | |[E=l e [laviwerk ¢] v
€:...RPG-HATPRO MDF-MEF

[TEST.MDF

| TEST2.MDF

| TEST3.MDF

| TESTAMDF

| TESTS.MDF

| TEST815.MDF

Please Drag and Drop kems to the MDF List!

Fig.5.10: Batch file configuration menu.

It is a good practice to store all MDFs in one diogy (e.g....\HATPRO\MDFs). All MDFs
in the selected directory are listed in the boxhie lower right corner. From this list the user
may select each MDF he wants to add or insert @oMIDF batch list (with and

). MDFs may also be deleted from the MDF batch Bibre your measurement
batch files (MBFs) in a single directory (like “..GH\MBFs”).
If file backup is enabled in the MDFs and the batgpetition factor is >1 there is only one
filename for each MDF available. The data of suseesexecutions of a certain MDF in the
batch loop is stored to a single file. Each time MDF is repeated in the loop, its
measurement data is appended to the file.

5.10 Sending a MDF / MBF to the Radiometer

After a batch is created it can be sent to theoradier (assuming the host is connected to it).
Alternatively, a single MDF can be sent.

This is done witrf%'ug (Send Measurement Batch File to Radiomejer
By entering this menu the host determines the ntrradio-meter configuration (RPG-
HATPRO in the example to the left).
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When an MBF is loaded.(ad Batch Filg its contents and repetition factor are displayed.
addition some pre-checks are performed, e.g. domdeometer configuration, frequency list
consistency, etc. A variety of other checks enthiameno erroneous command data is sent.
When the consistency check of a MDF is finishe@, tést result is displayed in ti@heck
List. The batch can only be sent to the radiometdt domsistency checks have finished with
the status OK. Then the MBF is transmitted viitind Batch to Radiometer

[l Send Measurement Configuration

Instruments: RPG-HATPRO Temp. Profiler + Humidity Profiler E'
1

[ Load MDF | MBF | [Z]Auto Go  [7]Auto Send il MDF IABF
Processing MD-File: TESTS15.MDF ' Rep.: ' 1 Processed lines: |

Batch File Content Check List Available Frequencies
22,240 GHz -

23.040 GHz

23.840 GHz

25.440 GHz

26.240 GHz

27.540 GHz

31.400 GHz

51.260 GHz bt

5.11 Commanding the Radiometer Processes

When a valid non-empty batch has been transmittéiaet instrument the following functions
are enabled:

b :
K& (Start Processing Batch
Although the batch is now stored on the radiomsterhbedded PC, remains in

. . . b
STANDBY mode, displayed in the status line on tloétdim of the screen. By pressirs
the batch process is initiated. The status lineryemhanges to “MEASUREMENT
RUNNING...".

" (Halt Running Batch)
A running measurement can be halted any time. inght be useful when the user wants to
change the elevation angle manually. The statuslispfay changes to “MEASUREMENT

HALTED” and the manual control buttor={¥, discussed later) is enabled which offers
manual control over elevation stepper and othaonaelter features.

} (Continue Interrupted Batch
Used to continue a halted measurement. The status display changes back to
“MEASUREMENT RUNNING” and the manual control buttedisabled.
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" (Terminate Running Batch
This command terminates the execution of the ctlgremunning batch. The radiometer
switches to STANDBY mode and is ready to receiwertext MBF.

5.12 Monitoring Data

[ RPG-HATPRO Humidity- and Temperature-Profiler (Version 7.87)  (License: UNLIMITED)

Files Commurication Measursment Control Calibration  Monitoring  Configuration

EV v % BIN BIN ERT 4 5 ] Q@ ORE L 0
W S el ; B Qmm e 5
= = Il.o_-) Ao ncr wine 5 taaae] @ i E z L 58
Status and C. fon | Eri T es| ic Data (24 Hours) | Atmespheric Data (Time Series) | Current Trop. Profiles | Skew-T & Stability | Attenuation | Satellite Tracking | Housekeeping
Host Configuration Master Radiometer Status
Data Directory: C: \RPG HATPROZ\DATAL Software Version: 7.87
Autom. data storage: YES  Automatic ASCH file generation: N0 _ Caniviliots
Autom. netCDF file generation: 1O RPG-HATPRO Malf Gortr,  responding
Suppress binary file generation: 110 GPS.Clock Hov: Stemers Fesondsin
GPS Status: GPS-Rec, active! Cal. Stepper : responding

Data File Archiving: YES Archive Period: DAILY Position : 50°38°16™ 1 070135 E i N et

Radiometer Time: 13(54(02
Radiometer Date : 2406[2009

Automatic Calibration Timing Receivers  :1/1

Gain Calibration

Last Calib.: 13(54{02, 241062009 Hext Calib.: 13(54(01, 24/06/2009 Real Time Clock Infrared Radiometer(s)
Current Settings RTC Status 1 OK IRR1 :responding  T1:-51.3°C
T Faon BoritE = TR IRR2 :no response T2 unknown
Envitonment 1 25.7°C Flash Disk Capacity:
Change Settings Ambient Target: 357 | 35.9°C Capacity [kBytes]: 991232
Integration Time: Period: Recsiver 1 . 434 B | omersensors
Ssec ~| | Smin Change Receiver? ¢ 47°C B || Baremetric Pressure: Sodmbar
Rec.1 Stability :  0.006K Relative Humidity — : 25%
Rec.2 Stability : 0.003K X-nclinometer {Elev.):  0.0°
_ Y-Inclinometer to00e
% : Unit : Rain Flag : 1O RAM
Hoise Calibration ?
Last Calib.: 13[26[15, 24/06(2009 Next Calib.: 13|56\, 24/06/2009 Calibrations Elevation / Azimuth Scanners
Current Setiings Gain Calibration : calibrating... Elevation angle:  90.0°
Period: ST Hoise Calibration: not active Azimuth angle : 0.0°
SkyTipping @ FAILED Bound. Lay.-Scan : HOT ACTIVE measu rement

Change Settings Measurement

Time Reference: UTC Duration : UNLIMITED H :

Date : 24/06|2008 Time: 135402 Start Time: nﬁnmz.zqwﬂw/ |nf0rmat|on
File Backup : HOT ACTIVATED  Stop Time: UNKHOWI

Repetition : 1.1 Filename : 09062413

etector Voltage Recording (*.LV0 File Gen.): 110

r.MDF  : GEHNERAL MEASUREMENT.MDF

Period:

Sky Tipping Calibration
Last Calib.: 13]26/42, 24/06[2009 Next Calib.: 14|26/42, 23/06 200"

Current Settings
Period: 60 min

Change

: ‘GEIIEP.AL MEASUREMENT.MDF j

Change Settings

automatic calibration status,
timing and control

Period:

ese comraton on |

Mode; CALTBRATION RUNNING Rad, Pork: COM1 [115200] Posi, Port: NONE

[ easur. 2 [0 ]
Fig.5.11a: Radiometer status, measurement configima and automatic calibration
display.

The best way to perform measurements is:

» Define a MDF and include it in a batch fihc%‘-’-).
» CheckAutomatically store monitored datm theDefine Data Directory

* Send the batch file to the radiomeer :
» Start the batch file on the radiometrssy).

The monitoring of the products that were selectethe MDF is automatically activated and
the measured data is displayed. Since the datanismiitted online from the radiometer to the
host no additional file transfer is required aftards.

The data display is grouped into different tagdgethat can be freely selected.

Status and Configuration This group includes the status display of the aawiter and
measurement information like the current procedd@&df, current data filename, activation
status of file backup and level O data storaget stad end time, etc. In a second box, the
settings for the automatic calibrations are dispthdutomatic Calibration Timing ). These
settings, like calibration period and integratiomd, can be changed ‘on the fly. Each

- 86 -



RPG’s Atmospheric Remote Sensing Raditarse
PG

calibration is performed automatically but therghe possibility to enforce a calibration by
clicking the associated button.

Brightness Temperatures:All brightness temperatures, at both microwave dRd
frequencies, are displayed in this group.

@ RPG-HATPRO Humidiiy- and Temperature-Profiler (Version 7.87)  (License: UNLIMITED)

Flles Communication Measurement Control Calibration Monitoring  Configuration
o Sy b BIN BIN ERT o & ; ] " [FI=T=i O 0
n &N Lo ] & T o L =
= = 0@ Dno_-) ASCIL ndewr o o5 [y @ Tt L “ el R
Status and C: i i T es ‘ ic Data (24 Hours) \ Atmospheric Data (Time Series) ] Current Trop. Profiles ] Skew-T & Stability | Attenu. ion ] Satellite Tracking } Housel keeping
Time Series Line Profiles
K sunu- K ERENTE TE Window 1
32.20 & 115.02 & E
e i i A P
3551 & 110.38 &
B & @20
o &
A1 E 157.10 &2 i
f‘a&uu—w e ORI NS Sy P § @0
z & 455 i
438 g 155.02 =
000~ ! 3 240
o 7]
38.03 25927 & E
L R e e S B o _‘\———VWMW—W i ;
30.24 |2 55.62 :255“ & A
Bicves 8
500 1B S0 O 16.0—T—r—T—r—T—r—T——
23.64 & 25004 288. £zesn 22 23 24 25 26 27 28 29 30 3t 3
7. & N = R SO e e Frequency [GHz
23141 E;UUU— 285.06 5 quiency [GH2]
a Lower Limit: |22 GHz Upper Limit: 32 GHz
= 2500~ = 2850~
2365 & 287.51 &
& o e i A e Ut
20.32 o 2000 20194 2 2900~ B Window 2
& g
22, = 292, = E
2239 (N 292.39 & 2950 L |
10.67 & [— 7 T T e mEY nf%mw 2 2500
o Rso0- e &
5
20.20 E 20.00- 293.82 2 2950~ ’; 200,04
o =) ] bl
17.03 2 e oo 292.0 & gange £
| | i ' . . iz i
13:30:00 12:40:00 13:50:00 133000 13:40:00 1350:00 ket
Time: Time.
s | —
#1725 T 24I0E2008 135313 (U) | 101528 Eli | oo Azl | ope [ ND Elevation Angles: [ AL = 9 Sgreujgwfgmﬁﬁ 57 58 5
Boundary Layer Seans Infrared Radiometer(s) o 1 iz o e =
Al BHE) l pper Limit: 59 GHz
Time: { Date: Time / Date 28
13150137 () 13153013 (1) a7
24[062009 24[0Bj2009 e R
;. -45-
# ] 2 —s0004 LETEN
Fracuency: f: 130000 & dg- 250.0
58.00 GHe > | {8 43C IS &
Brigftness T: 10;%‘% g E 200,04
28685K 4 = - B sy o
0 I n .04
AE‘ ﬂnﬁn‘_ E’ By ‘@
% o [Times +] E 10004
1000 5 - o o .|
Fain SN 2920 i £
54— 50.0
_sa- , \ \ e
S ‘ ‘ . ‘ ‘ 134000 13,4500 13:50,00 24 28 32 3% 40 44 48 52 56 &
Time Frequency [GHz]
15 ;a5 80 75 a
Mode: MEASUREMENT RUNNING Rad. Port: COM1 [115200] [Posi, Port: NONE

Fig.5.11b: Brightness temperature information.

The display includes the time series of each abiglanicrowave and IR channel, the
boundary layer scan information and the line pegfilif applicable (e.g. the water vapour and
oxygen lines). The threEB Windows 1-3each show a subset of the microwave channels that
is defined by entering theow Limit andHigh Limit of the displayed frequency range.

Time series graphs can be changed by selectinfieaedit time axis period from the time axis
selection box.

Atmospheric Data (24 hours)A 24 hour history of IWV, LWP, meteorological sens@and
profiles is continuously updated in this group. TW8/, LWP and sensor data displays can be
individually changed to a 3, 6, 12 or 24 hour hngtdn the profiles boxes, color scales,
vertical axis limits and contour values may be geanfor the data monitoring. The humidity
profile window has a selection button for displayabsolute or relative humidity.
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%] RPG-HATPRO Humidity- and Temperature-Profiler (Version 7.96) _(License: UNLIMITED) 5 [=[ 3]

Flles Communication Measurement Control Calbration Background Processes  Configuration

S ® Sy Ipoer g

R VN o [ ¥ M §lo|Ze 2
& 0D e e i | S B ML L BB E N D @ < | B 58| =
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Fig.5.11c: 24 hour data history display.

Atmospheric Data (Time SeriesThis group includes time series of liquid waterhp@tWPpP),
integrated water vapour (IWV), cloud base heigBK information and the surface sensors
(temperature, rel. humidity and barometric pregs@@8H data is vailable for all temperature
profiling radiometer models (RPG-HATPRO, RPG-TEMBRRPG-TEMP90) if the IRR
option is installed. LWP, IWV and CBH are retrievéata products and are therefore quality
checked. The quality level (High, Medium, Low) atie® possible reason for reduced data
quality is shown below the time series charts.tifle series include a rain flag display. Each
window displays the current reference time, daaeye number, sample value, retrieval type
(if applicable) and cursor position (when the moasesor is moved into the display area).
Current Trop. Profiles: The group summarizes all available profiles. Thare three
temperature profile displays, one for the boundayer scan (TPB) with high vertical
resolution (range 0-2000 m), one for the zenitheolation (TPC, full troposphere profile
with coarser resolution in the boundary layer) and for the composite profile (CMP.TPC).
The composite temperature profile is a combinatibthe high vertical resolution boundary
profile and the full troposphere profiles. Both fies are linked together at the 1200 m
altitude level by applying a cubic spline fit. ThEmperature profiles are in blue color while
the dew point temperature profiles are in greernw Peint information is only available (and
displayed), if the radiometer is equipped with anfdity profiler. Absolute humidity and dew
point temperature are only different versions & #ame information content. Like with all
temperature displays, the temperature axis cacdledsto Celsius, Fahrenheit or Kelvin.

On the bottom of the screen the diagrams for absdlumidity (HPC), relative humidity and
the liquid water profile (LPR) are shown. The LP&alproduct is automatically generated
when the products LWP, IWV and IRT are selectetheyMDF product list and a retrieval for
the maximum LWC is installed in the LWP retrievaledtory (must have the same retrieval
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filename as the LWP retrieval but starting with ‘MVinstead of ‘LWP’). X-axis: LW-
density [g/m], Y-axis: altitude [m].

[Z] RPG-HATPRO Humidity- and Temperature-Profiler. (Version 7.87)  (License: UNLIMITED)
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Fig.5.11d: Time series of atmospheric data like IWMWP cloud base height and sensor
data.

Because all profiles are level 2 data productsetiea quality flag assigned to each profile.
This flag is stored in the rainflag byte as desalin appendix A.

Scew-T & Stability:This group includes a skew-T and a stability indésplay. Six of the
most common stability indices (lifted index, K-indeKO-index, Showalter index, CAPE
index, total totals index) are monitored. X-axisesasurement time, Y-axis 1: [K] index, Y-
axis 2: CAPE index [J/m~3].

The skew-T plot is automatically generated whenpemature and humidity profiles are
sampled. Also the stability indices are computed stored in files of extension *.STA’. The
displayed temperature and dew-point profiles caartsyzed graphically by using the cursor
on the skew-T chart. The cursor coordinates, PTarate monitored as the cursor is moved
across the diagram. Other useful information like LCL (Lifted Condensation Level) and
LFC (Level of Free Convection) is marked on the&le By clicking the button, the
pseudo-potential temperature is displayed in reethvhontains valuable information about
the stability of the atmospheric layers (see deéini of KO-index). The pseudo-potential

temperature is given by:
R./C, Lot
_1| Po CyT
Ty = T(—j e

p
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Fig.5.11e: Atmospheric profiles display.
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Fig.5.11f: Skew-T diagram and Stability Indices gigy.
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po is the reference pressure (1000 mbag)isRhe gas constant for dry air (287 J / kg K)j<
the specific heat capacity at constant pressur®4(10/ kg K), L is the latent heat for the
condensation phase transition (28 J / kg) and r is the mixing ratio.

Attenuation: This display is similar to the brightness tempemtdiagram and monitors the

time series of atmospheric attenuation. The vdrag#s unit is dB as the standard unit for
damping parameters. The attenuation is only caledldor the microwave channels. The
standard attenuation retrievals are applicablealbrelevation angles and can be used in
scanning mode.

1%l RPG HATPRO Humidity- and Temperaiure Profiler (Version 7.87)  (License: UNLIMITED)
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Fig.5.11f: Atmospheric attenuation display.

Satellite Tracking:If satellite tracking is enabled in the running MOiRe scanned satellite
information, like satellite number, navigation fikatellite elevation and azimuth position, wet
path delay and LWP along line of sight and atmosplatenuation are listed for each scan.
Housekeeping:Data like GPS position, receiver stability, systéamperatures (ambient
target, receiver temperatures), flash memory cépagpiality flags and system status flags are
monitored. By clicking the button, the color codes for the different flags ksted. An
ALARM indicator warns the user if a systematic devb with the radiometer has occurred. A
detailed description of housekeeping flags is giveappendix A18.
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Fig.5.11g: Housekeeping data display.

5.13 Concatenate Data Files

In UNLIMITED termination mode the radiometer perically generates new data filenames
(e.g. every hour). It is often desirable to concate data files of the same type (*.LWP,
=

* TPC etc.) to form bigger files (e.g. 24 hour $)e This is possible by clicking=-
(Concatenate Data Filgswhich opens the menu in Fig.5.12. A set of filmes is selected
from the list and then concatenated to a singdeviith Generate Concatenated Flle

All files in a certain directory can be automatigatoncatenated to daily files by using the
Generate Daily Filescommand. Optionally, the original hourly files cha deleted, if the
appropriate checkbox is checked.

5.14 Cutting Connection

'—PR

o (Cut Connection to Radiometgr

If the user wants to disconnect the host from titerface cable or turn off the radiometer
after having been connected this command shoulduded first. It ensures that all
communication activities between host and radiomate disabled so that the host will not
crash after disconnection.
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%l Concatenate Data Files

Select Files from List:
09040404.BRT = C:A
03040405.BRT [= Programme
02040406.BRT [£= CodeGear
[= Projects
£ Cs
£ Development
£ Quicklooks
£ RS
£ Y2009
Brightness Temp. Files  {“.BRT) L] 1IEI < [laufwerk_c] _v_]
Generate Concatenated File ] OK
Concatenate Daily Files | ™ Delete hourly files

Fig.5.12: Concatenating data files.

5.15 Data Post Processing

Files of products that are based on retrievals (LWWV, profiles) can be generated by
combining brightness temperature files, meteoralalgisensor files and corresponding
retrieval files. The frequencies specified in aieval file (see section 6) must match the
frequency information in the BT (Brightness Tempera) file.

Example: An LWP retrieval requires BT information28.8 and 31.4 GHz and input from a
temperature sensor and humidity sensor. A RPG-HATPRdiometer delivers this

information in a water vapour line file and file. The calculation of the LWP data
is performed in thélransform Brightness Temperature Data to AtmospleiData menu

T
(click nm_f)). Fig.5.13 shows an example. The file (double click on the
filename in the list) is combined with the BT file (double click on the
filename in the list), both recorded at the sammeetiand date, by applying the retrieval
information of the file. performs a

consistency check (frequency matching, additiomaiser matching) and generates a new
file. When a humidity profilé/yFile. HPC is created, the software automatically looks
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for a MyFile. COM.TPC file (in the same directory) containing a compadiémperature
profile chart (see section 5.16.3).

[# Transform Brightness Temperature Data to Atmospheric Data

Products
= LWpl Select Retrieval
-~ I\;\‘V LWP_QR ASC_CAL_NO31_V1.RET d\
LWP_OR_ASC_CAL_V1.PET i
" WetDry Delay LWP_OR_ASC_HAW_V1.RET
o LWP_QR_CHES_BORDEAUX_V1.RET
~ R ! o
Hermiditye Bt et o LWP_OR_CHRS{Bordeaux-high)_V1.RET
" Temp. Profile (Full Trop.) LWP_OR_DA0O_V1.RET
LWP_GR_Galway_V1.RET
L oL Bt LWP_OR Hongkong? V1.RET
"~ Liquid Water Profile (Full Trop.) LWP_OR_KHMI{6)_V1.RET
' LWP_OR_KHMIS0_V1.RET
IRR-File: HOT REGUIRED LWP_OR_KHMI_V1.RET
MET-File: N EREUIRED LWP_OR_MA_Baengnyeongdo_V3I.RET el
Brightness Temperature Data Fle Level 2 Data Cuality 2 Line Filter Shifts
(= C: ~  Flag Data Quality (Level 2) Ch1: | 0.000 GHz Chs | 0.000 GHz
%Pézgre’::;::e (v Remove Madium /Low 0. | | Ch2:|0.000 GHz Ch 6: [ 0.000 GHz
[ Projects I Remove Low Ouality Ch 3: | 0.000 GHz Ch7: | 0.000 GHz
G RPG-HATPRO ¥ Pemove Interferences Ch 4 | 0.000 GHz
£ AutoViewer
£ Data
g Debug: Bl [v Couple Directory Trees Sencratel Rl |
Brightness Temp. (*.BRT} LJ EI E"'_DF_-MFF v Generate All ] oK 1
P & fautwerk o1 ~ | |

Fig.5.13: Generate level 2 data (atmospheric dakeILWP, IWV or profiles) from
associated BT and sensor data files.

If this file is found, relative humidity profilesra calculated by combining the absolute
humidity profiles (calculated from thé/yFile.WVL brightness temperatures) and the
temperature profiles iVyFile. COM.TPC. The relative humidity profiles are then appended
to the absolute humidity profile information MyFile. HPC. If MyFile. COM.TPC is not
found the software looks forldyFile. TPC located in the same directory ldsFile. HPC and
uses the temperature profiles of this file to arehie relative humidity information. Only if
neitherMyFile. COM.TPC nor MyFile. TPC are found the/yFile. HPC exclusively contains
absolute humidity profiles. The Button in theDisplay Absolute Humidity Profiles
menu is then disabled when loading the=ile. HPC.

5.16 Data Display Menus

For each measurement data product a display wing@awvailable. Click on the open button

L& and select a product from the pull down list. Thead a product data file. Fig.5.14a is an
example of a boundary layer temperature profiletcha
All data display menus indicate start time, endetitime reference, duration, and retrieval
algorithm (for retrieval products). Furthermdient (prints window on standard printer) and
(same as Alt-Print Screen) functions are available
One may zoom into the data by pressing the leftsaduutton in the display area and drag the
mouse to a different position (mouse button stifigsed) to define a rectangle (indicated by a
black frame). For zooming back cliek
For coloured maps as profile charts and brightriesgperature charts, by clicking
and moving the mouse into the display area thesotuchanges its appearance
(€|=»). When clicking on the display area another windiswopened showing the line
profile or profile at the time point corresponditaythe cursor position (see Fig. 5.14b). A
right mouse button click exits the profile selentimode.
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By clicking on and moving the mouse into the display area thsocuwrhanges its
appearance ). When clicking on the displaaanother window is opened showing the
time series related to a certain altitude or freqye A right mouse button click exits the time
series selection mode.

Brightness temperature data files always contaé elevation angle information for each
sample. The elevation angle display can be toggied < ).

You can enter contour values in the profile chésiish andDe) to be plotted as lines in
the coloured display. With (Redraw) the display is updated according to tbeast
contour list. The contour lines are turned on affidvah and

%l Display Temperature Profiles (Boundary Layer)

Start Recording:

Date (D:M:Y) : 2508:2005
Time (H:M:S): 11:16:38
End Recurdil]ﬁ:

Date (D:MEY) @ 28:06:2005
Time (H:M:S): 17:59:42

Time Reference:

Altitude [km]

Duration:
36974 sec

San‘ihles:

484
Retrieval:

Linear Regression

‘Aftitude Layers:

Fa |

ARtitudes: LJ
Altitude: 58 m
] B . Temperature Cﬁntnurs |
| 2820 2% 2855 2872 2850 2008 2025 2042 2060  Add| Del | Rear|
Load Profile Chart FILTERED.TPB som Lut| Print | Time Series | | |0 hd
Import RS Data Display RS Data | Select Profile | e =

Fig.5.14a: Boundary layer temperature profile chantindow.

[l Temperature Time Series (Boundary Layer)
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Fig.5.14b: Temperature profile and time series ot
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252 284

Most display menus can be stretched in size (rdsiag positioning the mouse on the menu
window edge and drag it to the desired positiore display is then adjusted in size.

All display menus show the time series of measutath with a rain flag stored for each
sample in the data file. This flag is indicated emmgath the data plot labelled wiRF.
During rain events the flag is coloured in blue atfterwise in red.

Profile and line charts display a legend with aooolcode bar. By clicking on the dark grey
shaded area of the legend the sub-menu in Fig.p8 pp. Whem\uto Scalingis checked the
program automatically uses the minimum and maxinmumbers for the colour axis limits.
WhenAuto Scalingis turned off, these limits are taken from the ®wdry lines labeled with
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Color-Axis Min andColor-Axis Min. Exiting this menu witlO K will initiate a new plot with
different colour coding.

% Color Axis Q@@

Color-Axis Min: 2820 K
Color-Axis Max: 2960 K

[ Auto Scaling

QK | :, ...... .(_:.ﬂ I.IEE.I ....... .:

Fig.15: Colour code bar scaling menu.

%l Display Stability Indices
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- 'I__cu_:-:nl Time
Duration:
- 4‘!"[!'13'5'.} Se¢
Samples:

3476

Index [K]
CAPE Index [kJka]

Ind.-Axis: 6.0 K

CAPE-Axis: 0.0 kJkg

L-Index KO-Index

liﬂ:lilll:_ﬂﬂ W:_ﬂlﬂ:nﬂ ﬂﬂ:ﬂll'.l:w nq:'nln:n'n TT-Index  K-Index
S CAPE-Intex
RF:
info |  Print
Load Index Chart | FILTERED.STA B
index labels Lilter OoN

Fig.16: Stability index display. Information about certain index can be obtained by
double-clicking on the index label.

The profile display windows (like the one in Fig.8b) offer a similar feature. By double-
clicking on the display area in these windows alainmenu like in Fig.15 is displayed which
allows for automatic or manual scaling of the terapee and humidity axis’ in these menus.
Another type of data display is the scalar typeetiseries like LWP, IWV, meteorological
sensors, infrared radiometer temperature or stahiidices (Fig.16). No colour code is
required because the data type is scalar insteaal \dctor (e.g. a profile). ThBisplay
Stability Indicesmenu has a special information feature. By doebtding on one of the
index labels a text file is shown with informatiabout the index definition and thresholds for
severe weather conditions.
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5.16.1 Data filters

Most data displays offer a filter function sub-meaacessed by clickingilier. The window
in Fig.17 appears. The filter can be turned ordgfthecking/uncheckingnable Filter.

¥l Data Filter Functions E@@

|v Enable Filter

~Filter Flags
v Interpolate Rain Samples

v Spike Clipping
v Enable Averaging

~Humerical Settings

Integration Samples for Averaging Filter: 11

Clipping Difference Thresholid: | 3.0
Maximum Spike Length [Samiples]: | 5
Save Filtered File Cancel | | Apply

Fig.17: Filter functions sub-menu.
Three filter flags can be selected:

Interpolate Rain SamplesThis filter linearly interpolates the data sansgptaken during rain
events by using the two ‘no rain’ samples beford after the rain event. E.g. the water
vapour line channels are very sensitive to droptetsthe microwave radome or shutter
blocking. The acquired data will not be usefulhistsituation and can be overwritten by this
filter.

Spike Clipping This filter eliminates sharp spikes in the datused by blocking the
microwave window during the measurement (e.g. bydnubeings, birds etc.). The maximum
spike length measured in samples can be defingthinmum Spike Length [Samplesand a
clipping threshold is entered nlipping Difference Thresholcto distinguish the spike from
general noise.

Enable Averaging Noise on the data may be reduced by this filtegenerates the mean
value of the number of samples givenlinegration Samples for Averaging FilterThese
samples are centered around the filter sample.

When pressing the filter with its new settings is executed. Tiasulting filtered data
file can be stored with the command.

5.16.2 Import Radiosonde Files

The temperature and humidity profile display mentfer a feature for loading radiosonde
data files to directly compare with the radiometata ( ). When a radiosonde

file is loaded and the RS display toggle buttormgho 2the radiosonde data is
displayed in red as an additional plot when a jaé selected like in Fig.18:
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[-EF| ] - ] '_ r V
% Absolute Humidity Profile =B [E
[RI R Date:
20050622
B'“'] Time:
2.0 [ -'I_‘i::{? F:Q:I
Altitude:
E 7.0 5537 m.
e Hurmiddity:
LER H s
= = 12.7 g/m*3
£ s0- :
=T Radiosonde
4.0 IWV: 30.7 Kg/m*2
S Retriewval
’ WY 291 kg'm*2
2.0
0m: 1237 gm*3 ~ |
1.0
0.0 = T T T T ST
] 2 1 6 8 10 12 Close
Abs. Humidity [9/m* 3]

Fig.18: Absolute humidity profile with radiosondeadi in red.

¥ Radiosonde File Format |D@|®

Altitude i Temperature 1 - Rel. Humitdity -

Column: 3 - Column: 4 - Column: 5 -
Uit m - Uit CHl - Uit Dpt -

| Reverse Order N ddise
Station Alt: 1160
e m Entry Hamie: I

Radio. Alt.: 280 m
Clrrent Entive Add to Database ]

iLarkhill .FSL -

Del. from Database ]

Load BS File |

Fig.19a: Radiosonde file format definition and filading.

By clicking thelmport RS Databutton in a profile map window one enters Radiosonde
File Format sub-menu in Fig.19a. Radiosonde data files (ugaathilable in ASCIl) come in
a variety of different file formats.

A typical example is shown in Fig.19b. Usually thie starts with a header containing
information about the station (e.g. station numi@@) a definition of the data columns and
their units. The data is listed in columns separateblanks, commas etc.
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E RS_WMO_Sample.txt - Editor

Datei Bearbeiten Format Ansicht 2

10410 EDZE Essen obhservations at 12z 24 1ul 2005 B
PRES HGHT  TEMP DWPT RELH  MIXR DRCT SKMT  THTA&  THTE  THTY

hPa m C C % 0k deg  knot K K K

1000.0 an
G980, 0 153 21.68 11.6 55 B.73 220 6 295i.8 3F21.1 Z97.1
G83.0 214 20.4 10,4 53 5.11 218 g 293.0 318.7 Z94.4
G25.0 725 15.2 G, 2 a7 7,595 200 8 294.9 3181 Z946.3
BOE.Q arg 1z2.09 H5.8 Fh T84 205 10 285,00 317.9 2096.4
B90. 0 1053 L2 8.4 ir 7.8l 190 12 285.0 317.9 256.4
Ba7.0 1273 10,2 7.8 B85 7.71 227 13 265.1 317.7 29&6.5
B02.0 1321 G.8 bt =3 7.80 255 14 265,35 317.5 296.4
B50.0 1428 G.0 a.8 =]l 7.34 235 14 265, 317.1 296,09
BlE. O 1754 T.d 3.8 =) a.18 228 16 267.1 315.5 298.2
F99.0 1945 5T Fil B4 6. 03 220 17 267.3 315.2 258.3
F90.0 2042 4.8 2.8 B7 5.96 223 18 257.3 315.1 258.4
77300 2219 4.4 1.3 Bl .48 250 1% 288.7 315.2 295.7
70,0 2da5 3.8 -0.7 72 4. 87 225 18 =00.7 315.8 301l.8
F48.0 2487 £ -0.8 73 4,83 225 17 =00.8 315.8 320l.8
Fa9,.0 26595 2.3 -1.7 Fh 4,65 245 17 301.5 315.8 302.4

W

Fig.19b: Typical radiosonde data file format (ASQIlIUnits are m, °C and %.

Before loading such a file one has to define inollgolumns the program can find the three
important data types Altitude, Temperature and Hilityi The user may set the right column
numbers in theRadiosonde File Formatsub-menu. For instance, in the file in Fig.19b the
altitude column number is 2, the temperature colusn8 and the rel. humidity is listed in
column 5.
Available altitude units are m, km, hPa and Pa. &ones the altitude is not stored in m or
km but as the barometric pressure (e.g. mbar oohiPa).
Units for the temperature are °C, K, F or °C*10eThst unit is sometimes used to keep the
column data format as an integer number (e.g. i8%written as 123).
Units for relative humidity are %, 0-1 or Dpt. Thst common unit is % but rel. humidity is
sometimes expressed by a number between 0 andlgssAfrequent unit is Dpt (dewpoint,
expressed in the same unit as for the temperatltena) and the rel. humidity has to be
computed from that number and the temperaturemgadi
Furthermore there are radiosonde file formats watlersed order, meaning that the highest
altitude sample is listed first. In this case oae to check thReverse Ordecheckbox.
For ground level correction it is useful to defthe radiosonde station altitud®tétion Alt)
and radiometer altitudeéz@dio. Alt).
All settings can be stored in a database (iie in the home directory) by clicking

£but do not forget to define an entry name figsich entry is listed in theurrent
Entry list box and can be deleted from the databasewith
Once all parameters for the file definition areegetl the radiosonde file can be loaded with

5.16.3 Generate Composite Temperature Profiles

A special feature is available in tBasplay Temperature Profiles (Full Tropospher@)enu.
Usually the menu is used to display PC files which were created in zenith observation
mode. As discussed in section 2.3 and in appendi® @e zenith observation mode leads to
much worse vertical profile resolution in the boandlayer compared to the BL gBndary
Layer) mode but works best for altitudes >2000 mhusTit is desirable to combine the
observations of both modes into a single dataWilaen aVviyFile. TPC file is loaded to the
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%] Display Temperature Profiles (Full Troposphere)

Start Recording:

Date (D:M:Y) : 26:90:2005)
Time (H:M:S): 00:04:11 |
End Recording:

Date (D:M:Y) : 28:10:2005
Time (H:M:S): 23:63:58 |
| Time Reference:

uTe

Duration:
__satss sce
Samples:

- &
‘Retrieval:
| | Honiinear Regression_|

Altitude Layers:
Altitudes: &
Altitude:| 145m |
- Temperature Contours |

(== =]

= Filter | ON |

Load Profile Chart| X ? i print | Time Series |

Import RS Data RS2005102618.0AT de RS Data | Select Profile |

Composite T Profile Chart |

Fig.20a: How to create a composite temperature jethart.

Display Temperature Profiles (Full Troposphere)enu and &lyFile. TPB file is located in
the same directory as théyFile. TPC, aMyFile.COM.TPC file is generated when clicking
the Generate Composite Temperature Profile Chutton. This file contains a composite
temperature profile combined from the twdyFile. TPC and MyFile. TPB files. The
temperature values below 1200 m altitude are idehtin MyFile. COM.TPC and
MyFile.TPB and the same is true for the temperature valueseal2000 m which are
identical inMyFile. COM.TPCandMyFile. TPC. In the altitude range 1200 m to 2000 m the
MyFile.COM.TPCfile temperature values are generated from a cgfiline fit to match both
profiles in MyFile. TPC and MyFile.TPB smoothly. The cubic spline interpolation ensures
that the first and second derivative of the fit chaprecisely the two profiles from which it
has been generated.

[# Temperature Profile (Full Troposphere) EJ@|Z|
Date:

| 28:10:2005 |
Time;

[ 224243 |

Altitude:
[ srasm |
Temperature:
[ 272K |

 Altitude [km]

Radiosonde
Retrieval

om:2828k ||

' i 1 \
T 7 T HE

0 280 290

20 240 20 260
Temperature [K]

Fig.20b: Example of a composite temperature profile

The file structure of the composite profile chartdentical to the generall PC files which is
indicated by the same file extension. Consequéhéycomposite file can also be displayed in
the Display Temperature Profiles (Full Troposphereanenu or converted to ASCII file
format with the same tool as all othierPC files.
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5.16.4 Generate Cloud Base Height Charts

[Zl Infrared Radiometer Data

I R U | Start Recording:

Date (D:PA2Y) @ 01:05:2006
Time (H:M;5): 0:00:05

' End Recording:
E Date (D:M:Y) : 01:05:2006

- fnnonnnanons | S fanemanonanas S fnnnndies 1 Time (H:s): 01:00:00
E‘ ' ' ' ' ' ' Time Reference:
3 i i i i i . uTC
g ! ; ! g ! Duration:
; ; ; ; ; ; 3595 sec
1| . . . S ; Samples:
Create a CBH file corresponding td | 3563
the loaded IRT file : .
! IRT: -154°C

Date: 01:06:06

Time: 00:40:33

| | i
00:30:00 00:40:00 00:50:00 01:0
01:05:06 04:05:06 01:05:06 01:05:06 04:0

06050100.1RT i | Print

Create CBH (Cloud Base Height) File I

Cloze

When the infrared radiometer option is installeed RPG-TEMPRO and RPG-HATPRO can
measure the cloud base height by identifying tHeaiad radiometer temperature with the
physical temperature of the cloud base (if any) éadving the height of the cloud by using
the temperature profiles. The embedded radiomé&legsitRomatically generates the cloud base
height charts(CBH) when infrared radiometer data is acquired andgegature profile data
is available. The same is true for the host PC whanonitors IR data and temperature
profiles. Even though a post-processing is possidiich means a manual generation of a
MyName.CBHfile from aMyName.IRT + MyName. TPCor MyName.CMP.TPCfile. The
MyName.CMP.TPCfile (if available) is always preferred over théyName. TPC file
because the composite temperature profiles are auwangrate than those derived from zenith
observations only.

The manual post-processing of IRT and TPC datarfopned in the IR data display window
as shown below.

5.16.5 Housekeeping Data Display

When housekeeping data is displayed, six differdigplay windows are available,
corresponding to the six data categories Systemp@emtures, Receiver Stability, GPS
Position, Quality Flags, System Status Flags andi=Memory.

For more details on these data types please e#ppendix A17. After a HKD file has been
loaded, one can display each of the data typesitiing the related display button. A colour
legend explains the meaning of the different coloodes in the Quality Flags and Status
Flags displays.
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1% Display Housekeeping Data (HKD)

Start Recording:
Hum. Profiler: Date (D:M:Y) : 10:08:2007 |
; ! ! : : Time (H:A:5); 150218
Temp. Profiler: K End Recording:
; ! j : : Date (D:M:Y): 10:08:2007 |
Rain Flag: : ; ; ; ; Time (H:M:5): 15:53:53 |
Bew Blowenr: I I I I I " Time Reference:
BL-Mode: —E —;— —I_ _I— —;— - ,- - " Local Time
E,, ﬁfdpﬂﬂ: —é—é—%—%—é— . m-ll'ﬂm -
i Gain Cal.: : ' — Y E— s T— e — 3461 sec
2 Noise Cal: : ; E ; s SAMPIES:
. S — - : = = 10
ND Rec.2: j : : ; i
R1 Temp. Stab.: Status Flags
R2 Temp. Stab.: ; ; ; ; :
Tie 164000 152000 153000 164000 15:50:00
Da: 10[08/07  10j0BI07  10]08|07  10J0BIOT  10/08I0F
LoadHKDFile | | 07081015.HKD [ Zoom |
Display Tempera‘turesj [ pisiE Statis pEaas Display GPS Position I CatorLegeind
Display Rec. Stability |  Display Quality Flags | Display Flash Memory |
oK

5.16.6 Full Sky Scanning Displays

By selecting the 2D IWV Map’ @) command from the Files -> Open Files list the
following menu pops up:

This menu displays normalized IWV data that hasnbeeasured using the 2D scanning
feature described in section 5.9.4. The centrdlcoetesponds to the zenith observation angle
and the data cells located at the edge of the alagire related to horizontal observations.
The numbers around the circle label the azimutheadigring the scan which is referenced to
the instrument azimuth O-index.

IWV is a level 2 data product which requires aiestal file that contains the required
coefficients. In a full sky scan the radiometerraies the observation elevation angle, thus a
multi-angle IWV retrieval is required for a corremtaluation of the scan data. In the display
above the retrieval file name BVV OR MA MeteoSwiss V1I.RETThe ‘MA’ term
indicates that the IWV retrieval is a multi-angkrieval. If the user selects a retrieval for
constant observation angles, a warning messagésviisued.

In order to display IWV data in this menu one hasoad a *.WVL data file by clicking the
Load WVL File button. After loading a data file the specifiedrieval is automatically
applied to convert the brightness temperature twaltl&/V data:
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(%l Display Normalized IWV Map

Sky View
Close
—Color Scaling —
Min INWV:
13.0 kgim*2
Max WV
17.0 kgim*2
[~ Auto
Redraw
B 1200
Az 2040°
I
WV Variation:
Load WVL File CEGEVE WY OR_MA_MeteoSwiss V4.RET -
i~ Define Obstacles - Auto Dizplay
iv Enable Obstacle Mode  ClearObstacles | Store | Load | Define WVL File List | | 1.0 =
(+ Add Cells
 Delete Cells AMF_COPS_ULLOBS | SL&rlJ n §topJ - EeverSEJ I Rgsed * SmgleJ

Close to the horizon the radiometer beam is ofteckied by obstacles and at 0° elevation
angle the beam is influenced by ground radiationer&fore it is desirable to define an
‘obstacle’ pattern to mark those cells that arerat#vant due to beam blocking. To do so, the
Enable Obstacle Modeheck box has to be checked and blocking cellsbeadefined by
toggling the enter mode withdd Cellsor Delete Cellsand clicking on the relevant cell in the
diagram. The result might look like:

Once a cell is marked as blocked (white coloum, ¢bll’'s data content is no longer be taken
into account for calculations like the displaye@/ V¥ Variation’. When the cursor is located
on a blocked cell, the data content displayed enrigiht of the diagram is showing ‘NAN’
which means Nt A Number. The obstacle pattern definition can be dtared loaded using
the StoreandlLoad commands.

The colour range for the IWV display can be adjdste the ‘Color Scaling’ box. For the
example above the IWV variation over the full skyabout 1 kg/m”2.

The full sky scanning feature is typically usedrgv&0 or 15 minutes to monitor changes of
the water vapour distribution. Each scan is autarally stored in a separate data file. A
‘movie’ of the IWV evolution can be displayed byfidéng the list of *WVL full sky
scanning brightness temperature files vitifine \W\VL File List. A separate menu opens
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(%l Display Normalized IWV Map

Sky View

W Variation:
78.9 (328.8%) |

Load WVL File | 070927_120506_H_AZ.VIVL | Retrieval: | IWy_QR_MMA_MeteoSwiss_V1.RET |
- Define Obstacles + Auto Display
[~ [Enabie Dbstacie Mode.  ClearObstacies | Store | Load | Define WVL File List | | 10s =

A i) B stort| I Stop| f Reverse| [ Resed + singie|

AMF_COPS_ULIOBS |

where the user may select multiple files for auspldy. TheStart button starts the sequence
andStophalts it. WithReversethe file sequence is processed in reversed clogioall order
and Resefjumps to the first data file of the list. When theto display is halted by pressing
Start, a manual file display progression can be peréatiny successively clickingingle. In
auto display mode the pausing interval betweenessiee data file displays can be adjusted
by selecting a different time from the combo box.
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(% Display Normalized IWY Map

Load WVL File | 070827_120506_H_AZWVL | Retrieval: [viv_aR_MA_MeteoSwiss_V1.RET ~|
- Define ¢ [ Auto Display :

¥ Enable Obstacie Mode:  ClearObstacles | Store | Load | Define VIVL File List | ] 10s v!

 Add Cells

e eta _AMF_COPS_ULI.OBS B start| I Stop| o Reverse| |l Reset] + single|
1 a5 |

L

~Define -~ Auto Display !
¥ Enable Ok Mode Clear Obstacles | Store| Load | Define WVL File List | |u,25 v] ™ Sync. with WV
+ Add Cells

F kit  AmFcopsuLoss | || sart| JI Stop| < Reverse| | Reset| [2 sinale

LWP map indicating cloud coverage.
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A similar full sky display diagram is available fowP data.

If the auto IWV display is also activated, the LWRBplay can be synchronized to the IWV
display by checking th8ync. with IWVcheckbox. Then the file list defined in the IWMIfu
sky display menu is used for both diagrams andatite display is controlled by the IWV
‘Auto Display’ commands.

5.17 Manual Radiometer Control

When the host is connected to the instrument aedrddiometer is in STANDBY- or

HALTED-mode, the manual control functions are eadblCIick@,“ (Manual Radiometer
Control) to enter théiagnostics and manual contrainenu in Fig.5.21.

The reason of implementing these functions is mgafol diagnostic purposes. When a
radiometer is assembled every single electronicpooment must be tested. The receivers’
long term stability is checked for several weeks ragnitoring the detector voltages.
However, some of the diagnostic functions are atsful for other tasks.

5.17.1 Elevation / Azimuth

The Elevation / Azimuthtab sheet is used (for instance) to change thered$on angle
during a measurement in HALTED modeRliéset Positions checked the stepper is reset to

its original position after leaving the diagnostiognu. If the user wishes to keep the new
position he must unchecékeset Position

[% Diagnostics and manual control

Elevation | Azimith | Channel Voltages | Sensor Calibration | Radiometer System ]

i Internal Elevation/Calibration Positioner
Relative Move

[~ Reset Position v ¢

W
Steps: | 10.0 Move
I cew

Position:
Absolute Position

EL: 90.0% Az: 0.0° Elev. Angle: 90,0 ° GoTo |

IR Elevation

Position: EL:89.7° Motion Status: Mot moving

-Absolute Position

Elevation Angle: | 45.0 DEG Go To

90 DEG: Zenith

o Azinuth 0 ( Azimuth 180
Motion Status:

90 DEG: Zenith, -9 DEG: Ambient Temp. Target

position reached! Angular reselution: 0.6 DEG

0 PEG: horizontal Read Angle
Angular resolution: 0.24 DEG —

ive Move
o ew (O ocow Steps: | 10.0 Move

Motion Coupling to Internal Elevation Positioner

I Coupling Enabled Status: Not Coupled
Reset Controller Reference Position
Azimuth Positioner
Relative Move
i cw 7 cow Azimuth Steps: - Mowve
Status [ Absolute Position
Get Status Reset Azimuth Angle: | 232.0°
[ position reached i i
I position referenced Azimuth: 0°-- 360°
Angular resolution: 6.1 DEG
[ operating =
I driver turned on Easkmon:
[~ neg.Ls | pos.LS Reference 232.0°
0K

Fig.5.21: The stepper / azimuth positioner conttab sheet.
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Elevation stepping positions can be set relativet@pper units (600 units correspond to a full
turn) or absolute in DEG. Since the stepper canento\both sides of the radome window the
azimuth angle flips from 0° to 180° when the mirconsses the zenith direction.

The absolute elevation stepper positions are &sifsi

e Zenith: 490°
e Horizontal: 0°
* Ambient target: -90°

The angular stepper resolution is 0.6°. The azinvatue of 180° is usually not used (only in
Sky Tipping Bilateral Mode). The angle range elewat0-90°, azimuth=0° is thactive
guadrant and is marked on the outside radiometer housingrbyg arrow.

The Azimuth sub-window is only visible if an azimuth contralis connected to the host PC.
The same is valid for the infrared radiometer efievasub-window which is only shown if
the motorized IRR option is installed (see sec8@).

5.17.2 Channel Voltages

TheChannel Voltagegab sheet is the main diagnostics tool (Fig.5.22).
Each of the four acquisition channels (not to beaeadiup with receiver channels!) can be
configured to sample one of the following data sear

* Receiver 1 detector voltage (1:1)

* Receiver 2 detector voltage (1:1)

* Receiver 1 board temperature (T=voltage*100 [K])
* Receiver 2 board temperature (T=voltage*100 [K])
* Ambient target temperature (T=voltage*100 [K])

» Environmental temperature (T=voltage*100 [K])

» Barometric pressure (P=voltage*1000 [mbar])

* Rel. humidity (H=voltage*100 [%])
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I/ Diagnostics and manual control

Elevation Stepper Channel Voltages | Sensor Calibration | Dew Blower + System

Instrument: Water Vapour Profiler (22-30 GHz) + Temperature Profiler {51-58 GHz}

—General Parameters i srarr.

Integration time: |10 zec .]
Samples: (100000

Receivers

[ HD1 Rect: ]ﬂz.m GHz -
[~ ND2 Rec2: ]51.250 Ghz - |

—Voltage Sources
Ch.1: I Raceiver 1 Detectar LJ

4.000-

o
=
=
=
1

Ch.2: I Feceiver 2 Detectar LJ

Channe Voltage [V]

ha
=
=
=l
1

Ch.3: I Receiver 1 Temperature LJ

ch. | . =]

G . 1.nu‘u—l'

Measured samples: 106
Measurement time: 0001 |46

Ch1:[2.2138 V | Ch2:/ 4.0603 V |
: - 0,000~ -
Fh:i: 31520 V | Cha: 00:00:00 uu:u'z:oo Oﬁ:lltkl'.lll
Files - Time
Load Ho File —Time Chart i
Save lio File P | 13 S‘Larii | ] §‘lop| Reset | Bmap P_rimi Time:f :

Fig.5.22: Channel voltages tab sheet.

The sample integration time and maximum numbegsofdes are set iBeneral Parameters
While sampling detector voltages, one can manudafty the noise diodes on and off to check
for a correct operatiorND1 andND2). The detector voltage display can be switcheeatth
receiver channel by selecting its frequency frore tielated fixed frequency list boxes
(Receiver 1 and Receiver 2).
The channel readings are displayed graphicallyadsal in theStatusframe. Data zooming is
possible. After stopping the sampling one can usdex to measure the precise voltage at a
certain time {).

clears the acquisition display and sets the Y-xis5 V (maximum).

5.17.3 Sensor Calibration

This tab sheet is needed to calibrate the therer@®@'s, pressure sensor, humidity sensor and
infrared sensor. It is not intended for user pugsod he sensor calibration must be performed
by qualified personal only and is done before tttameter delivery.
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[% Diagnostics and manual control

Elevation / Azimuth 1 Channel Voltages Sensor Calibration ]Ra(liomeﬁer System ]

Thermal Sensors Pressure Sensor

iraeteerd i il - AquireP1 | pi:IEEGCE
- i Measure T1 | TH:| in°C = Load Calib. File | Reload Calib. File on Radiometer |
e ) = UHCAL. Aquire P2 | PZ:| in mbar

UHCAL. Measure T2 | T2:| in°C

RE

Store Calib. File | Lead Calib. File from Radiemeter |

—Humidity Sensor

i Receiver 2 i ,— ,—
sy Measure T1 | Th| in °C i = 15 SR U Ok

I [inc
UNCAL. |  Measure T2 | T2 in°C UHNCAL Aguire H1|  Aquire H2 File:
- Temp.: Offset: Slope:
295K 0.350V  |0.025V% Action:
—Ambient Temperature Target 1 | | | in
§ AT M TH| in°C [ Capacitive Sens. [ Use Voltages
UHCAL. Measuge T2 | TZ| in °C
E IR Radiometer 1 i
Jil E 2 .
~Ambient Temperature Target 2 7 Aquire IRR1 | T1:| in °C

m S Measure T1 | TE| in°C UNCAL. Minimum Tempp.: ’T
UNCAL. Measure T2 | TZ:| in°C e
Lic ; Aquire IRR2 T1:W
—Enwironmental Temperature 7 UHCAL. WAniim Tern ,II'I“"—
m ANGE Measure I1 | TE| in°C
UHCAL. Measure T2 | TZ| in°C

EE

R

Fig.5.23: Sensor calibration tab sheets.

5.17.4 Radiometer System

The tab sheet in Fig.24 comprises a manual togglewitching the dew blower’s speed to

low and maximum$ button). This feature is used for test purposég toncheck
the blower’s performance and switching capabilities
A very useful feature is the function. When an update of the radiometer

software has been performed by transferring a new.EXE file to the radiometer’'s system
file directory, a radiometer reset is required ua the new software version. When clicking
on the button a warning message is displayed to inforenuger that if
he confirms to continue this command this will lesu a radiometer reset and requires a re-
connection to the radiometer afterwards.

The function sends a configuration inquiry to the cadeter which is
then displayed in th&kadiometer Configurationbox. The information shown gives an
overview of the types of installed hardware andongmt system settings.

Power Failure Handling can be disabled{( )eor enabled §

). When enabled, the power failure handling autaraly restarts the measurement on
the radiometer after a power failure. When disabtbd radiometer returns to STANDBY
mode after the power failure.

It is possible to manually set the radiometer tand date by using the

function after entering the new time and date th6 edit boxes in theet Time / Date

group box. The current GPS clock time can be reiétd
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[ Diagnostics and manual control

E|evanonmz|mmn} Channel Vonages] Sensor Calibration Radiometer System

Dew Blower Speed Embedded Radiometer PC
Radiometer Configuration Radiometer Time / Date
Speed Toggle Reset Radiometer PC ‘
Inclination Sensor: Radiometer Time: unknown
Reload Configuration Rain Sensor : Radiometer Date : unknown
Status: Humidity Sensor
2 Noise Switching 1 : Set Time | Date
P Fail Handi
i ek Noise Switching 2 : Hour Min. Sec.
Set Recovery Mode Elevation Encoder ; New Time: | 43 40 09
IRR Interfe -
Amb, : S:c:sors : e Ll
Clear Recovery Mode T * .
; VERIFY LCA : NewDate: | g5 |03 |04
New GPS Clock @
Read R Mod:
= RS AL Full Dicke Switch Set Radiometer Time | Date |
Frequ, Shifts -
GPS Clock
Remove MDFs Hour Min, Sec.
GPS Time:
. Year Month Day
MDF Comm. LOG File CPS Date:
Enable File Logging
Read GP35 Time / Date
Disable File Logging

Open Files List

Fig.5.24: Checking the dew blower performance armhtrolling other radiometer features.

5.18 Transform Data Files to ASCII, netCDF and BUFR Format

The standard data file format is binary (file stuwes listed in Appendix A) because it is more

compact than other formats. In the case that a hueedable format is required, the binary
EIN

files can be transformed to ASCII. By using fic command Transform Data Files to

ASCII Format) a binary data file is converted to an ASCII filhe file name of the new file

is the binary file name with appended . ASC’, elge humidity profile binary format file
is converted to :

Beside this manual ASCII file generation, it is gibte to automatically store data in ASCII

format during the monitoring process (active measuant). See section 5.4 for details.

Examples of ASCII files are described in Appendix B

Other frequently used data formats are the netGRFBUFR format developed for archiving

atmospheric data. The manual conversion of a bifilgyto a netCDF or BUFR file is
EIN EIN

performed by usin(g“&_cur or Eirr. The file extension of the converted file is “NCBUF’
respectively) like in ( respectively)

Automatic conversion to netCDF and / or BUFR forsnditiring measurements is activated in
the Define Directories and Data Formatsmenu. Additional useful information added to the

netCDF and BUFR file’s global attribute list can eetered by clicking. The Define
Local Settingsmenu pops up:
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(| Define Local Settings 10| x|

Station Hame: I University of Madison

Radiometer System: IRPG-HATPRH

Rail. Serial Humler: I B-DPR-GT 00T

Station Altitude [m]: | 20

Station Longitude: I §5°43'55™ West

Station Latitude: I 43°22°42" Horth

netCOF Convention: I CF-1.0

Comments: I

The specified information strings are then addedaich netCDF file global attribute list. The
‘Station Name' is also added to each BUFR message3 byte character string.

5.19 Auto Viewer

The host software can be used as a measurementndaigor, even if the host PC is not
connected to a radiometer. In this case the dateceas a Source Directory, to which data
files are transferred. A possible scenario couldald®C that is regularly receiving data files
from a server. With the Auto Viewer function, th®C can be configured to show the
measurement data samples, contained in the desa ifil the same way as if it would receive
data from a radiometer in a measurement. It is ptssible to define a target directory to
store the data files as hourly files. After allalaamples of a source file have been displayed,
the file is automatically deleted from the Sourdeebxory.

Fig.5.25 shows thAuto Viewer Setupmenu that can be entered by clickg. It lists the

auto viewer's Source Directory where it looks fatal files to be displayed. In addition the

Target Directory can be defined where the resuitthe auto viewer process are stored if
is checked.

The Product Scan Listsummarizes the selected products to be taken fimmSource

Directory and diplayed afterwards. The display spegn be set between original speed (one

sample per second) up to 200 times faster.

The Viewer is activated by clicking ¢ halted by clicking and

terminated with I In addition the user can automatically add theegation

of ASCII, netCDF or BUFR format data files by cheakthe respective format(s) in tBata

Directory Menu
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El Auto Yiewer Setup : =0l x|

Source Directory: CriCodeGear'Projects' PBPG-HATPRO AutoViewer!
Target Directory: ClCodeGear'Projects'BPG-HATPRO Targets

—Auto Viewer Source Directory——————— -Auto Viewer Target Directory———————
= C: [=cet
[= CodeGear [= CodeGear
[= Projects [= Projects
[=> RFPG-HATPRO [ RPG-HATPROD
e AutoViewer #e Targets
£ 2009
IIE ¢: [winxp] ;I IIE ¢: [winup] LI
—Product Scan List isplay Speed
™ original %20
¥ BRT ¥ BLB [ IRT ¥ MET s e
¥ LWP v WV [~ atH ¥ HED x5 * x 100
e ] = x 200
v TPC v TPB ¥ HPC [~ LPR
¥ Store to Archive

b- Start Viewer | Halt Viewer I Termimite Viewer |

Fig.5.25: Auto Viewer Setup menu.

5.20 Current Sample Files

During measurements data files are automaticallpjegged on an hourly basis when
UNLIMITED mode is selected. This implies that dafzdates are available with a delay of at
least 60 minutes when the files are remotely doactéa from the host (e.g. by an ftp server).
Sometimes it is desirable to get updates more &etyr This is possible in the following
way:

b
Enter theDefine Continuous File Generation of Current Sam@enenu by clickingsis. A
product list is displayed as shown in Fig.5.26. &ach product a separate file interval can be
defined. This interval determines the file lengfhttee current samples file. E.g. when a file
interval of 10 minutes is selected for the OxygennelL Profile, a new file
CSYYMMDDHHmMmM.OLC s created every 10 minutes (YY=Year, MM=Month, £Date,
HH=Hour, mm=Minute of the date / time centred te turrent CS file interval) and stored to
the directory shown in thieile Directory box on the left. The data in the current datesfdan
be averaged by selecting a shifting average nuifmbeasured in samples). Integration times /
sample and retrievals are taken from the MDF.
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|g\ Define Continuous File Generation of Current Samples =1Ox]
—File Directory List of Product: 5 —File Interval ~Shifting Average —File Hames
= Ca .
[ CodeGear [V Brightness Temperatures [ 10 minutes =] [ ssamples =] CSYYMMDDHHmM.BRT
, Tpm [V Brightness Temp. (boundary layer) [ 10 minutes =] [ 1sampe =] CSYYMMDDHHmMM.BLE
] AutoViewer ¥ LWP (Liguid Water Path) I 1% minutes j I 1 sample j CSYYMMODHHmm.LWP
g 3‘“; i [V WY (integrated Water Vapour) [ 10 minutes =] [ ssamples =] CSYYMMDDHHmMM.IWY
ebug_Build
=1 MDF-MBF [~ Atmospheric Attenuation I 10 minutes j I § samples j CSYYMMDDHHMmM.ATH
e Dustacics [V Humidity Profile (full troposphere) [ 10 minutes =] [ 60 samptes =] CSYYMMDDHHmM.HPC
[C Radiometer PC
£ Retrievals ||| Temperature profile frullw e || | 1omi = [ 60 samptes =] CSYYMMDDHHMM. TPC
- [¥ Temperature Profile (boundary layer) [ 10 minutes =] [ 20 samptes =] CSYYMMODHHMIM. TPB
I ©: [winxp] VI _ - .
[~ Housekeeping Data [ 10 minutes =] [ 1sampe =] CSYYMMDDHHMIM.HKD
I Enable Current Sample File Generation ¥ Meteorological Sensors I 10 minutes j I 1 sample j CSYYMMIDHHmMm.MET
st B ineny Bk [~ Infrared Radiometer Data [ 10 minutes =] [ 1sampe =] CSYYMMDDHHmMIN.IRR
[~ Append Rel. Humidity to HP-File
I One sample [ File Max. Altitude for Profiles; | 5000 Composite TP Cubic Spline Lower Limit: W ¥y j Ll M'\‘_II:MD"u'
[ File Overwrite (Hame: CS.XXX) DD-D;'““?- Hii=Hour
e = e mm=Minute
oK I Add Settings to C5.CFG Station Altitude: | 500 Station Hame:

Fig.5.26: Current Samples menu showing the prodiist with individual file repetition and
shift average settings.

The CSYYMMDDHHmMmM. XXX file creation can be enabled / disabled by cherkin

unchecking the check box. The
CSYYMMDDHHmMm. XXX file format is identical with the standard bindig format of the
products. Automatic ASCII file generation is enably/ checking the check
box. For CS Files the relative humidity can be k&xtto be appended to absolute humidity
files by un-checking the check box.

In the case thét is activated, the program stores only the latestde of a
file interval in the CS-file. The only exceptiontise *.HKD CS file which is not affected by
this flag.

In the case that is activated, the program is not using the

CSYYMMDDHHmMmM. XXX file convention. Instead, onlZS. XXX file names are created,
thus overwriting older files by the newest one.

When both ‘Temperature Profiles (full tropospherad ‘Temperature Profiles (boundary
layer)’ are selected from the list of products;a COM.TPCfile is automatically generated.
This file contains a composite temperature profitenbined from the twa_S.TPC and
CS.TPBfiles. The temperature values below 1200 m aléitace identical irCS.COM.TPC
andCS.TPBand the same is true for the temperature valuegea®O00 m which are identical
in CS.COM.TPCandCS.TPC In the altitude range 1200 m to 2000 m e COM. TP Cfile
temperature values are generated from a cubicesptito match both profiles i6S. TPCand
CS.TPBsmoothly. The cubic spline interpolation ensutes the first and second derivative
of the fit matches precisely the two profiles frarhich it has been generated.

5.21 Master / Slave Operation

RPG’s profiler software is capable of handling npid instruments and treating them
virtually as a single radiometer. The internal instent design limits the total number of
receiver packages to two per radiometer, e.g. aiditymand temperature profiler (RPG-
HATPRO) or a humidity profiler and 90 GHz channBPG-LWP-U90). Therefore e.g. a
dual profiler plus 90 GHz channel cannot be comtbiimea single instrument. Instead, e.g. a
RPG-LWP-U90 plus RPG-TEMPRO could be used in a BtastSlave configuration to
realize the dual profiler + 90 GHz frequency seheTtwo radiometers are connected
independently to the host PC which handles allsyrechronization tasks of calibrations, TB
acquisition, elevation/azimuth scanning etc. betwtbe instruments.
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The software combines the Master and Slave radenniéd a virtual single instrument which

means that all available frequency sets from batlisuare stored together in brightness
temperature data files (or level 0 channel voltddes), the applied online retrievals can use
the total combined frequency set and scanningemagion and azimuth is synchronized as

well as all calibration procedures like skydipsotiner automatic calibrations. The BL mode
stores ALL TBs together with the elevation angl®imation into BLB files.

RPG-HATPRO
RPG-HUMPRO
RPG-TEMPRO
RPG-LHATPRO
RPG-LWP
RPG-LWP-U90
RPG-150-90
RPG-DP150-90
RPG-36-90
RPG-TEMPRO-90
RPG-TEMPRO-150
RPG-15-90

RPG-HATPRO

RPG-HUMPRO

RPG-TEMPRO

RPG-LHATPRO

RPG-LWP

RPG-LWP-U90

RPG-150-90

RPG-DP150-90

RPG-36-90

RPG-TEMPRO-90

RPG-TEMPRO-150

RPG-15-90

Fig.5.27: Possible Master/Slave combinations farrent RPG models. Green: Ideal

combination (no channel overlaps). Red: Channel deps

The RPG radiometer models that can be combinedMasder / Slave configuration as shown
in Fig.5.27 are the following:

RPG-HATPRO: Humidity and Temperature Profiler (7 channels he £2.2-31.4
GHz range, 7 channels in the 51-59 GHz range)

RPG-HUMPRO: Humidity Profiler (7 channels in the 22.2-31.4 Gtdnge) for mid-
latitude to tropical humidity levels >2 kg/m”2 (2rhm

RPG-TEMPRO: Temperature Profiler (7 channels in the 51-59 Efge)
RPG-LHATPRO: Humidity and Temperature Profiler (7 channelsha £2.2-31.4
GHz range, 6 channels in the 183-198 GHz rangeayidity profiler for ultra low
humidity levels < 2 kg/m”2 (2mm)

RPG-LWP: Two channel (23.8 / 31.4 GHz) radiometer for LWV retrieval
RPG-LWP-U90: Humidity Profiler (7 channels in the 22.2-31.4 Gidnge) plus 90
GHz channel for improved LWP accuracy

RPG-150-90: Two channel (90 / 150 GHz) radiometer for the dibde of low LWP
levels

RPG-DP150-90:Three channel (90 / dual pol. 150 GHz) radiom&giethe detection
of low LWP levels and ice particles

RPG-36-90: Two channel (36 / 90 GHz) radiometer for atmosgheattenuation
measurements. Intended as a Slave instrumentHer otodels
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* RPG-TEMPRO-90: Temperature Profiler (7 channels in the 51-59 Ghime) plus
90 GHz channel. Ideal combination with RPG-HUMPRO

* RPG-TEMPRO-150: Temperature Profiler (7 channels in the 51-59 @hifige) plus
150 GHz channel. Ideal combination with RPG-HUMPRO

* RPG-15-90: Two channel (15.3 / 90 GHz) radiometer for atmesghattenuation
measurements. Intended as a Slave instrumentHer otodels

The best frequency coverage is given for the coatlin RPG-LWP-U90 / RPG-LHATPRO
which is a triple profiler for medium/low humidityltra low humidity and temperature plus a
90 GHz channel for improved LWP retrieval.

Both radiometers are connected to different seoals of the host PC. These ports have to be
defined in theDefine Serial Communication Portamenu (see Fig.5.28). Thactivate
checkbox in the Slave Port window must be checkedorider to support the second
radiometer. As before, an additional azimuth posér can be connected. The host PC has to
provide 3 serial ports for this configuration.

The Define Serial Communication Portsnenu provides the checkbaxy again, if not
successful. If this is checked, the host automatically etra connection after a connection
failure one more time.

%] Define Serial Communication Ports

~Master COM Port- ~Azimuth Controller COM Port-

(¢ COMT (7 COR " coM3 (O Condg e (=REOm [+ COM3 ( COM4

Baud Rate: [T ~ v Activate Baud Rate: 57600

“Slave COM Port v Auto Connect
v Try again, if not successiul
(0T £ : " COM3 [« COMA i
| Synchronize to Radiometer GPS Clock

v Activate Baud Rate: 115200 =~ oK Cancel

Fig.5.28 : Serial ports definition menu for combing a Slave and Master instrumernt.

When the host PC is connecting to the Master, SdanvkAzimuth positioner, it displays the
current connection status as indicated in Fig..5.29
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% Connecting Status

~Master Radiometer-
Action
Connecting to radiometer in progress..

Connection Result

Connection successfully established. Baudrate adjusted.

i~ Slave Radiometer
Action
Connecting to radiometer in progress..

Connection Result

Connection to radiometer established,. Baudrate adjustedd.

—Azimuth Positioner-
Action
'Sc.mni'nq Azimuth Controller COM3 for Baudrate.

Connection Result

Cor re&'hnmll .ﬁe detected!

Fig.5.29 : Displaying the current connection status

If a Master and Slave unit have been successfellgaied, the host PC’s main window looks
as shown in Fig.5.30. The difference to the simgbiometer display is that there is a toggle
button in theRadiometer Status window to alternatively show the Master and Slave
housekeeping data and instrument calibration stétuaddition, there is a second status bar
displayed at the bottom of the screen to indichte $lave connection status and interface
settings.

Several other menus are showing the same Mastarvé $ggle button like the diagnostics
menus, the file transfer menu or the absolute #lidn menu. Before the user is issuing a
command from one of these menus, he/she spedifeeteiver of the command by pressing
the toggle accordingly. Both radiometer IDs areldiged on the headlines of menus like the
Send Measurement Configurationor the Absolute Calibration menu. Where frequency
lists are displayed, the Master channels are pescég ‘M:" while the Slave channels are
preceded by ‘'S:. When enabling file backup, altadfiles are stored on the Master’s flash
memory; no data is stored to the Slave’s flash.

When the HKD (housekeeping data) product is seleatel a Slave radiometer is present, a
second HKD monitoring window is created during nueaments for the display of the Slave
housekeeping data. The HKD data file names forSlave instrument have the extension
* S.HKD instead of *.HKD (Master radiometer).
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Files Communication Msasurement Control Calbration Mankoring  Configuration
= 13 1 Ty 4 BN e ilm | aam = 2| ; x
= & e LB | an o e ) 8B Al @ |
F WV Time Series (Last 24 howrs)
Ll i 4 240-
R EE B |
- 22| .
Host Configuration 6 E 2
Data Directory: C:\CodeGear\Projects\RPG-HATPRO\Dateny 2
Automatic data storage: YES Automatic ASCll file generation: 110 3 80-
Automatic netCDF file generation: 110
icklook Dir: €+ = 00~ | e | Ty
Airkesk o 3 ionkheay\PraibeLals b HATILY 16.00:00 21:00.00 02.00.00 07.00.00
Store Bitmap File:. 10 Store JPEG File: 1O 20082001 20j08[2001 21[08[2001 21082001
RF: E— — — =
Radiometer Status
Software Version: .40 LWP Time Series (Last 24 hours)
o=
RPG_HATPRO 180~
Controllers e
GP5-Clock Main Contr. : respondi
GPS Status: GPS-Rec. active! Elev. Stepper: responding
Fiie o e : Master / Slave
) Infrared Radiometer
Radiometer Time: 072116 st il il
Radiometer Date: 14j042008 i M':um_' ':":f_’é‘ g 3 a0- TO |e
Temperatures B b i 20- g g
i 9 9 0= — \ .
Environment 7.6°C Flash Disk Capacity: e T e T
Ambient Target:  19.5 19.5°C | Capacity [kBytesk: 930944 20/08(2001 20j0B[2001 21]08{2001 21|08/2001
Receiver1  : 39.2°C o RF: e S Seca= —
Receiver2  : 19.4°C il eSO TeTT RIS, et
Barometric Pressure: 988 mbar GG M SEnsare [EASTEY OS]
Rec.1 Stability : 110 DATA Relative Humidity THY% = gga-
Rec.2 Stability : 10 DATA Xinclinometer (Elev.): 0.0 g i
: Y-Inclinometer 0 =
s Rain Flag  RAINING i it
24 ga2-
Calibrations Elevation | Azimuth Scanners 28
in Calibration : not scanned | | Elevation angle:  90.0° 2|
Hoise Calibration: not scanned || Azimuth angle : 150.0 DEG =
512 oe-
SkyTipping ¢ NOTACTIVE | Bound. Lay.-Scan: NOT ACTIVE e
3
Measurement 2] e
Time Reference: unknown Duration :
Date: ||  Time: |- Start Time:
File Backup : Stop Time: z d S B
£ -
Repetition : Filename : 05041407 g A secon tatUS ar
Detector Voltage Recording (L0 File Gen,): H
Cur.MDF  : Curtently no MDF running on radiometer 5
. \ \ \ \
MDF List 150000 21:0000 00000 070000
20082001 2nj08[2001 21[082001 24082001
Slave Message: Radiometer connected Slave Made: STANDEY Slave Port: COM4 [115200]
Master Message: Radiometer connected Master Mode: STARDEY Master Port: COML [115200] [Posi. Port; COM3 [57600]

Fig.5.30 : Main window display after connecting t@ Master / Slave tandem radiometer.
The ‘Radiometer Status’ display can be toggled betw Master and Slave instruments and
there are two status bars on the bottom of the thgpto include the Slave connection status
information.

| Diagnostics and manual control

evation | Azimuth | Channel Voltages | Sensor Calibration Radiometer System |

Dew Blower Speed (Slave)

Speed Toggle

Embedded Slave Radiometer PC

Reset Radiometer PC
Reload Configuration

Radiometer Configuration Radiometer Time /Date

Inclination Senser: HOT IISTALLED
Rain Sensor ¢ DIRECT READING (DIGITAL)

Radiometer Time: 07[42/3%
Radiometer Date : 14[04[2008

Status: OFF Humidity Sensor : INTEGRATED SEHSOR
_ . Hoise Switching 1: OFF Set Time |/ Date
Power Failure Hand
it i S Hoise Switching 2: OFF Hour Min. Sec.
Set Recovery Mode e Enconlsc Qi e LR NewTime: [ 07 |43 [22
IRR Interface : INSTALLED
Amb. T. Sensors : 2 sl
Clear Recovery Mode Eik i 2 .
VERIFY LCA : INSTALLED (Version 2.0) HewDate: | 03 ] 04 [ 14

Hew GPS Clock : YES
Read Re Mo
RewdRocavoryMode || flew oPs sk < ¥e5 e e
Frequ. Shifts 1 F1:0.000 GHz
F2:0.000 GHz
F3:0.000 GHz GPS Clock
— FA0,000 Gz Hour Min, Sec.
F5:0.000 GHz GPSTime: [ 07 || 43 || 21
F6:0.000 GHz
y Year Month Day
MDF Comm. LOG File FT:0.000 GHz
GPS Date: 08 [ 14

; {Read GPS Time / Date

toggle

Open Files List

»
Slave

0K

Fig.5.31 : Example of the Radiometer Systems tagewla Slave is connected.
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5.22 The License Manager

RPG’s radiometers are delivered with a preliminfnyited license of 30 days. Without
activating an unlimited license, the radiometempstoperation when the limited license is
expired. The common procedure to avoid this igaHewing:

(= L

Invoke thelLicense Managerby clicking the button. The menu in Fig.5.32 pops up.

& License Manager

~—RPG Access Only

Activate Unlimited License

Generate License Code (Radiometer Connected) (000000000

Generate License Code {(from LiclD.DAT) O0O000000

Customer Commands

Get License Status

License ID iz stored in file LiclD.DAT

Get License ID from Radiometer (Radiometer Root Directory)

Get license 1D file from radiometer and send the file LiclD.DAT to RPG. The
license code for an unlimited license will then be returned. Enter this code
below {yvou must be connected to the radiometer) and send it.

Enter License Code: (0000003000 Send License Code

oK

Fig.5.32 : License manager menu.

The user can retrieve license status informatiah wie eommand. The
license type (limited or unlimited) as well as thepiration date and time will be displayed. In
order to obtain an unlimited license, the followstgps have to be performed:

1. Connect to the radiometer and click the button. The
license ID code is then written to the file ‘LicIDAT’ stored in the radiometer root
directory (the directory where R2CH.EXE is located)

2. Send the ‘LicID.DAT’ file to RPG (by e-mail tomfo@radiometer-physics.jleThen
the 10 digit license code will be returned (alscebyail).

3. Enter the 10 digit license code into the edit boxhie license manager and click

e The license manager will inform the user if thelimited license
installation was successful or not. If not sucadsgliiease contact RPG again.
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6. Retrievals

6.1 Retrieval Algorithms

In order to estimate atmospheric parameters (ssitiq@ad water path or the humidity profile)
from the radiometer data, a suitable mathematilgdrighm has to be found. A statistical
regression between observed atmospheric (metearalpgdata and the corresponding
instrument data (brightness temperatures in diftehannels and additional information
provided by temperature, pressure, and humiditg@snwithin the instrument) is a widely
used solution for this task, although other meth(alg/sical retrievals) are also known to
yield good results.

6.1.1 General remarks

Gathering such simultaneously observed calibradeta for a specific instrument at a specific
site leads to long delays before the instrumentityalio deliver atmospheric data is
established. Statistical reliability calls for ahservation period of several years, preferably
more then one decade. During this time the atmasptveuld need to be measured on a
regular basis (twice a day), which also adds to d¢bsts and impracticability. A faster
approach will not use real data from the actualrimsent but databases of meteorological
observations. Such (radio sounding) measuremeptseaorded for weather prediction by
many stations throughout the whole world, thus dogea vast range of climates and
different weather conditions. The correspondingameéter data needs to be calculated by
radiative transfer models. This simulation is ahlferward modeling because the dependent
data (the observable brightness temperatures) ateulated from the independent
atmospheric variables. Any method or algorithm tlsatable to invert this process and
calculate the independent variables from the depe@nobservations is called Retrieval.

Statistical retrieval methods use a training datt te derive a multi-linear regression,
guadratic regression or an artificial neural netwvbir (which essentially is a form of non-
linear multivariate regression). The coefficients tibis regression will be applied to the
radiometer measurements in order to calculate bata@ospheric variables. Quality control
of the retrieval algorithms is, in general, perfedrin two ways: After using the training data
set for establishing the regression coefficientsapply the retrieval to a second data set, the
test data. This data set must not be containetiartraining data. Comparing the retrieved
results with the known “real” results from the teigta allows for a thorough statistical
evaluation in terms of bias error, RMS, correlata In addition, the operational algorithms
have to be tested with measurement campaigns whereatmospheric state is actually
measured by independent instrumentation.

6.1.2 Data source and applicability

The amount and quality of the input data is crufalthe quality of the designed algorithm.

Since a statistical algorithm can (when appliecetd data) only cope with input data that is in
the range represented by the training data, we asadficient number of samples. At least 10
years of data with two observations per day arele@¢o describe the natural variation of the
atmosphere. Smaller time series might be missingesextreme situations which do not occur
every year.

Besides the length of the time series the geogtapampling is of major importance. If only

one time series which is taken at one single stasaused to derive the algorithm, then the
algorithm may only be used at this specific loaatidloving the radiometer to another
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geographical position with different whether coradis or even different altitudes above sea
level will have a negative impact on the retriegadlity.

By using a multitude of weather stations for thgression data base the algorithms will be
applicable to a variety of different locations. tha@rmore the larger number of input data will
contribute to the overall quality of the product.

6.1.3 Data quality processing and reformatting

Raw data comes in form of radiosonde data (alsowknas radio soundings). Such
measurements contain air pressure, ambient tenoperand relative humidity at different
vertical positions. Some types of radio soundings aontain wind speed and direction, but
this information is not used in out type of algonis. The number of levels (vertical
resolution) typically is in the range of 10 to 20¢ls up to several thousand levels.

The following steps have to be performed with thtad
1. Quality control: Depending on the data source thta dnay contain measurement
errors, inconsistent data, and missing data. Miysdata in one level leads to rejection
of only that level. We check for the following ermmonditions and reject the sounding:
* Increasing height in subsequent levels
* Increasing pressure with height
* Temperatures larger than 330 K or smaller thankR{DO0 K at larger heights)
e Pressure larger than 1050 hPa
* Pressure smaller than 1 Pa, surface pressure stiaie500 hPa
Height larger than 70 km or smaller than -200 m
2. Appllcablllty checks:
e Atleast a 10 km height is reached with temperagumek pressure information
e Atleast -30 °C is reached with valid humidity infzation
* Atleast 10 levels are present in the sounding
« For some retrievals we reject raining clouds. These detected by a threshold
LWC larger than 3.5 g/m”2.
3. Reformatting: The soundings are stored in a comrdata format, but without
interpolating or changing the data.

6.1.4 Cloud processing

From the sounding data we calculate further atmespiparameters connected to clouds and
rain. A cloud detection scheme reads the temperaamd humidity vertical profiles and
determines whether a cloud exists in a level ot fbe criteria for cloud existence are a
threshold relative humidity (usually 95 %) togethath a temperature warmer than 243.15 K.
These thresholds can be varied.

A second stage processing calculates the amoditjuid water (LWC, liquid water content)
within each layer based on the modified adiabat@tewcontent. This number is something
like an upper limit of how much water can be présana cloud layer with respect to the
current atmospheric situation.

The above algorithms produce multi-layered cloudwh wseveral sounding levels in each
cloud layer. The total amount of water (LWP, ldjuvater path) is calculated by integrating
all cloud layers.
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6.1.5 Angle and frequency selection

Prior to radiative transfer calculations the freggies and elevation angles have to be
selected. While the frequencies are mostly detexchby the type of the retrieval, the angles
have to be selected to meet the user requiremBatsh observation angle needs its own
retrieval coefficients, those coefficients depetrdrgly on the observation angle and cannot
be interpolated.

6.1.6 Radiative Transfer calculations

In order to calculate simulated brightness tempeest from the sounding data we have to
know the interaction parameters of matter with maave radiation (absorption and
scattering coefficients) at every position and gJezquency that might be considered in one
retrieval algorithm. Based on gas absorption modkéts mass absorption coefficients are set
up in every layer according to the pressure, humidind temperature. Cloud water adds
absorption proportional to its mass with a tempegeatiependent absorption coefficient. At
frequencies below 100 GHz the scattering at clawghldts can be neglected. Rain clouds are
not considered in the retrieval generation.

This subsection is not yet finished and still ungieparation.

6.1.7 Retrieval grid and type of regression

This subsection is under preparation.

6.1.8 Algorithm performance

This subsection is under preparation.
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Some users might be able to perform their own tagidransfer calculations and have access
to a huge data set of radiosondes. A sophisticaésthn tool for the generation of system
conform retrieval files is implemented in the “Eilet Integration” tab sheet of the
measurement definition window (see Fig.5.5). Theefide Retrieval File’-button activates
the retrieval design window of Fig.6.1.

I% Retrieval Definition

Filename: TPT_OR_CAMB_V1.RET
Category

Retrieval Type: | Ouadratic Regression -

Product: | Temperature Profile (Full Trop.} L]

Customer Code: | CAME  Data Base: 0
Version Humber:| 1

Included Sensors
¥ Humidity v Temperature |v Pressure

ambornesEngland, Oktober

[~ Infrared Radiometer

Humerical Definitions
Altitude Definition Frequency Definition
Add An.] Delete ] Add Frq.] Delete ]

250 m ~| | | [51.260 Ghz |

Elevation Angle:

90.0 DEG
-~Systematic Comments

Cloud Analysis: |

Customer ID: | Retrieval based on: |Brightness Temp. -~
Radiosondes: |

Retriev. Validity: | Load Retrieval File I Generate Template I
ther Tomics: | Save Retrieval File I Load Data Matrix I

Print Text Window Quit

Fig.6.1: Retrieval file editor.

6.1.9 File Format

All retrieval files have the extension “.RET” tostinguish them from other file types. The
first three characters of the file name indicate tketrieval product. For version 1.1 six
products are implemented: TPT (temperature profilgposphere), HPT (humidity profile,
troposphere), LWP, IWV, ATN (Atmospheric Attenuatjoand TPB (temperature profile,
boundary layer). The next section (sections arears¢égd from each other by the “”
character) of the file name is reserved for theeedl type. Possible retrieval types are: LR
(linear regression), QR (quadratic regression) BEihd (neural networks). The third section
contains the customer code and the forth sectipresents the version number. The file name
sections are summarized in the editor’'s “Categdrgine. The data base identifier is not used
for the file name but is stored into the retriefilal for future purposes.
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6.2 Retrieval File Structure

With the “Load Retrieval File”-button load the “TPQR_JAP_1 V1.RET"-file from the
“...\2CH\RETRIEVALS\TPROFILE_TROP\"-directory. Retwnal files are text files which
can be edited by any editor that does not insertcantrol codes or other characters that do
not belong to the text. The content of the loadddaval file is displayed in the blue editor
window.

The file starts with an identification code (6795pQutilized by R2CH to detect non-
conformities caused by future changes in the blenfat. Comments are preceded by the “#-
character. All other text lines contain relevantadaeeded for the retrieval computation
routines (2CH).

The continue character “:"at the beginning of @ lindicates that this line belongs to the same
parameter as the previous line. The continue cedsed in the definition of matrices to add
rows to a matrix.

A parameter code of 2 characters followed by a tharacter (no spaces!) specifies the
meaning of the data that follows the “=" sign. Tduoales for the retrieval category are:

* '‘RP=": Retrieval product. 0: LWP, 1: IWV, 2: Atteation, 3: temperature profile
(troposphere), 4: temperature profile (boundaryetgy 6: humidity profile
(troposphere) (mandatory parameter).

* ‘RT=" Retrieval type. O: linear regression, 1: quatic regression, 2: neural network
(mandatory).

e 'CC=": Customer code (mandatory parameter).

 ‘DB=": Data Base

* ‘'VN=": Version number (mandatory parameter).

These codes must precede all other codes (exaeihtefoetrieval basis ‘RB=").

Some retrievals include the surface sensor datmpag parameters beside the brightness
temperature data. In the “Included Sensors”-franeerétrieval designer checks the sensors he
is going to include in his retrieval. The assodatedes are:

* ‘TS=": Temperature sensor. 0: sensor not useddwreval, 1: sensor used (mandatory
parameter).

* 'PS=" Pressure sensor. 0: sensor not used foievatr 1: sensor used (mandatory
parameter).

* ‘HS=": Humidity sensor. 0: sensor not used forieal, 1: sensor used (mandatory
parameter).

» ‘IS=": Infrared radiometer. O0: sensor not usedretrieval, 1. sensor used (mandatory
parameter).

A neural network retrieval parameter is the nundfentermediate knots (hidden knot layer).
The associated parameter is:

* ‘NK=": Number of intermediate knots (Neural Netwaokly)
The presence of these codes in the retrievalditeandatory.

Some retrieval designers prefer the optical thiskee as input parameter instead of
brightness temperatures. The code is:
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* ‘RB=": Retrieval basis. 0: brightness temperatutespptical thicknesses (mandatory
parameter).

All retrievals are based on microwave frequencynoets. The frequency list must be
preceded by:

* ‘'FR=": Frequency list [GHz] (mandatory parameter).
All observations are performed at certain elevatingles:
* ‘AG=": Elevation angle list (mandatory parameter).

Those retrievals that produce data at certainudisg (humidity and temperature profiles)
must have an altitude parameter specified:

‘AL=": Altitude list [m]

All other parameters are specific for the retrigygke.

6.2.1 Linear Regressions

As was discussed before a linear regression ratraalculation has the following structure:

Out; =0§ + > 9, * S + D TL, *Th,
Sensors freq

where Outis the i-th retrieval output parameter (e.g. theperature at altitude;A, OS is
the retrieval offset parameter for QUbs; is the surface sensor reading of the j-th checked
sensor (the sequence is: TS, HS,PS,1S),iSlthe corresponding linear coefficient,; THthe
brightness temperature or optical thickness aj-thdrequency and Tiis the corresponding
linear coefficient. The surface sensor readings m@@asured in K (Temperature), %
(Humidity), Pa (Barometric Pressure) and °C (IrdthrTemperature). All brightness
temperatures are measured in K.
The parameters in the retrieval file are:

* 'OS=" offset matrix (same unit as QUit

e 'SL=" linear sensor coefficient matrix
e ‘TL=" linear brightness temperature coefficient

6.2.2 Quadratic Regressions

A quadratic regression retrieval calculation hasftilowing structure:

Out =O§+ Y S, * S+ > TL *Th + > SQ* S+ D TQ * Tt

Sensors freq Sensors freq

where Outis the i-th retrieval output parameter (e.g. theperature at altitude; A, OS is
the retrieval offset parameter for QuUer is the surface sensor reading of the j-th checked
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sensor (the sequence is: TS, HS,PS,1S),iSthe corresponding linear coefficient and; 36
the corresponding quadratic coefficient; ithe brightness temperature or optical thickness
at the j-th frequency with TiLis the corresponding linear coefficient and ;T the
corresponding quadratic coefficient. The surfaceisse readings are measured in K
(Temperature), % (Humidity), Pa (Barometric Pressand °C (Infrared Temperature). All
brightness temperatures are measured in K.

The parameters in the retrieval file are:

* 'OS=" offset matrix (same unit as Quit

* ‘SL=" linear sensor coefficient matrix

e 'SQ=": quadratic sensor coefficient matrix

e ‘TL=" linear brightness temperature coefficient

* 'TQ=": quadratic brightness temperature coefficient

6.2.3 Neural Networks

The parameters for the neural network retrievatidation are:

* ‘IM=": input coefficient matrix
* 'OM=": output coefficient matrix

The structure of these matrices can be derived feotemplate neural network file (see
chapter below).

6.3 Retrieval File Templates

The user does not have to enter all these parasnayenand but instead defines his retrieval
input and output parameters by filling the list bs»and check boxes in the retrieval editor. In
addition, five comment lines may be entered fotamer related information etc. By clicking
on the “Generate Template”-button the editor textdow is initialized with a syntactically
correct retrieval file comprising all settings amamerical data is filled with zeros.

The user must generate a text file which contdnesretrieval coefficients in the same row
and column order as required for the template. Tthencoefficient file can be loaded with
the “Load Data Matrix”-button and a second ediettwindow is opened containing this file.
The user then copies and pastes the matrices frorobfficient file editor into the retrieval
file editor text window. This concept ensures i retrieval file syntax remains correct.
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7. Instrument Maintenance and Recommendations

This chapter summarizes recommended maintenansatiastto ensure a high data quality
and measurement accuracy of the radiometer.

7.1 Cleaning

Due to environmental conditions the radiometer loarcovered with dust, spider webs, etc.
The following recommendations should be taken:

Cleaning the microwave windovwZlean the microwave radome once per month with
pure water or soap and a soft cloth. Never useaggyessive chemicals like acetone,
alcohol, benzene or others. These substances dagtdge the window coating.
Cleaning of the rain sensddse pure water, soap or alcohol to clean the sairsor
surfaces. A tooth brush is helpful to remove diotri the snow catcher pins. Cleaning
should be performed in periods of 6 month.

Cooler: The air slits of the main cooler can be blockeddmgt, insects etc. (see
Fig.7.1). The rain protection gill sheet on the lbusing side can be dismounted to
get access to the cooler slits. Remove any mattral might block the air flow.
Check the cooler slits every 24 month.

Cleaning of radiometer housinGiean the housing of the radiometer every 12 month
Use a soft cloth and soap and water.

Fig.7.1: Removing the cooler cover for cleaning tkeoler air inlet.

7.2 Calibrations

Except for the automatic calibrations performedthy instrument (following the settings of
the measurement definition file (MDF)) a manualilralion is required when the system is
transported or turned off for a longer period (¥esal days). This calibration is called an
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absolute calibration. To perform this calibrationis necessary to mount the external
calibration target to the radiometer housing (stien 4.1.2.1). Then the target is filled with
liquid nitrogen and pushed into its rest positiseq Fig.4.6).

The calibration is started by pressi‘_ﬁ (Perform Absolute Calibratioh The menu in
Fig.5.6 is shown.

starts the absolute calibration procedure. Duafibration the current
activity is displayed in the message line. When ititegration cycles have completed, the
messageCalibration successfull Save®s displayed and the user has to confirm to shee t
calibration with . The absolute calibration parameters are thenedtam the
radiometer PC. Leave the calibration menu by pngssi
If the error messag®lo response to cold load. Calibration terminatedppears, the cold
target was probably not filled with liquid nitrogenwas not installed at all.
No noise diode response. Calibration terminataddicates a malfunction of one of the noise
sources. Contact RPG for help in this case.

The absolute calibration should be repeated evenpith to maintain measurement accuracy
of the built-in noise standards.

7.3 Maintenance Schedule

In the table below the given maintenance inteneas average periods. Depending on the
deployment site these intervals should be optimifed instance required cleaning intervals
strongly depend on climate zones (arctic, sub-tropic.), the vicinity to polluted areas

(cities, sand deserts, airports etc.) or the aburel®f insects or other animals (e.g. spider
webs).

Activity Recommended Service Interval
Cleaning of rain sensor 6 month
Cleaning of dew blower 6 month
Cleaning of radiometer housing 12 month
Cleaning of microwave window 6 month
Cleaning of cooler slits 24 month
Cleaning of external sensor cage 6 month
Absolute calibration with liquid nitrogen 6 month
Inspection of cables 12 month
Exchange of microwave window 24 month

7.4 Resetting of Radiometer Embedded PC

Sometimes it is necessary to reset the internaledddxl PC. This may be the case after
disconnecting the radiometer from the host compdiging a measurement or after transfer
of a new software version. Fig.7.2 shows the locatf the embedded PC interface which is
protected from humidity and dust by a black plasbeer. When this cover is removed the
PC’s interface connectors (monitor socket, keybaamanector, disk drive connector socket
and reset button) become visible. By pressing éisetrbutton the embedded PC is rebooted.
After 1 minute this initialization is finished anthe user can connect the host to the
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radiometer PC by clicking 0{8 (Connect to Radiometgr Do not forget to re-install the
black plastic protection cover.

The radiometer can also be reset by turning offgbeer and turn it on again. This will
require a re-balancing of the thermal stabilisaigstem which requires about 5 minutes. It is
therefore recommended to reset the PC by usinget®t button.

Fig.7.2: Position of radiometer PC interface.

7.5 Restarting Host

After a power failure of the host computer (witthlaptop computer this occurs after about 3
hours of power failure) the host PC has to be restaThe following steps will restart the
host:

* Click % on the desktop after the host has rebooted tbteahost software.
* The next step is to initiate the communication leetwthe host and radiometer PC by

pressinglt}-'_g (Connect to Radiometgr This operation takes a couple of seconds. If
successful, the messa@g®nnection to radiometer successfully establish&hud
Rate adjusted.is displayed. Otherwise the messd&gediometer does not respond!
Connection could not be establishedappears. In this case try the following to
handle the problem:

0 Repeat thé= command.

o If not successful, check the data cable (is it priypconnected to host and
radiometer?).

o Check that the radiometer power is turned on.

0 Repeat the turn on procedure.

o If not successful, contact RPG.

» Send the measurement batch to the radiometerféh(Send Measurement Batch
File to Radiomete).

* Although the batch is now stored on the radiomsternbedded PC;
remains in STANDBY mode, displayed in the statug lon the bottom of the screen.

b N .
By pressings the batch process is initiated. The status linyeohanges to
“MEASUREMENT RUNNING...".
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7.6 Instrument Viewing Range

Fig.7.3 and 7.4 show the requirements for the Wiewing ranges. When sky-dip (tip curve)
calibration is enabled, the radiometer performeglamation scan from zenith to 20° elevation.
No obstacles should be in that viewing range taena good calibration.

A

02

- 210 Km -

Fig.7.3: Tip curve calibration viewing range.

For boundary layer temperature profiling the instemt performs an elevation scan between
zenith and 5° elevation angle. No obstacles shblaick the beam within a distance of 1 km.

A

<

NERE

21 Km

Fig.7.4: Boundary layer scan viewing range.
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7.7 Upgrading System Software

Assumption: You want to install a new radiometer software \@rs(2CH.EXE) on the
embedded radiometer PC and a new version of R2CH &Xthe host PC.

1. Step:Save the old software versions

a) Create a directory to save the old software imess (e.g. C:\MyPath\RPG-
HATPRO\SAVE).
o

b) Connect the host to the radiometer and enteFileeTransfer Menu:%1*, Fig.7.5). On the
right side (Host) browse to the directory for savithe files (e.g. C:\MyPath\RPG-
HATPRO\SAVE) and on the left side (Radiometer) e System Files Directory mark the
2CH.EXE file. Drag and drop it to initiate the coprgocess.

Transfer Data and System Files

Master Radiometer Host
'2CHEXE & | G svstemFilesDir.  F1ES = phileFath _
32STUB.EXE = | O Data Files Dir. D ARCHIVE.TXT ~ | 'E- C:L A |
32RTM.EXE ) Root Dir. [ bebie1dbbpl | & RPG-HATPRO
DPMIZZVM.OVL =N : [ behempso.bpl C] CALIBRATION

2CH.BAK FiEe ek Spdte ] borindmm.dil £ Data

RAD.ID 1017680 kB [ CAL 2008-04-28 to 2{ [ Data_stored

;i:;ﬁ:i' [] CAL 2008-05-16 te 24 ] Decumentation

FREQU.DAT m [ CAL 2008-06-03 to 2| (£ dwnid

BAUDRATE.DAT |[(] CAL 2008-06-13 to 21+ | ] Help

2CH.OLD am— = £ MDF-MEF P
ABSCAL.CLB |All Files (") = =
[SEECALHIS | Size: File Size: = e lsvstein] |
Transfer Status
Transmitting File : HONE

#of Bvtes in File: Bytes [ | Transmitted Bytes =

Total # of Bytes : Bytes [ ] Sum of Transmitted B. ‘1‘

Transfer Rate : Bytes | Sec. Elapsed Time : 04:00:00 Total Time : 00:00:00
#ofFles: 0/ I <F5c> - CANCEL

Fig.7.5: File Transfer Menu

c) locate the R2CH.EXE file in the MyPath\RPG-HAT®Rirectory and copy this file to the
C:\MyPath\RPG-HATPRO\SAVE directory (by using thpedating System Explorer).

2. Step: Remove all measurement data files from the flask dy clicking

. This purges all files that have been stored errdéldiometer PC’s file backup system. If
you want to save these files to the host PC, fiisk and transfer the
files to the host. Then purge all files by the mabare described above.

3. Step: Deactivate recovery mode: enter danual Radiometer Controimenu @“) and
click on the ‘Radiometer System’ tag. Press the button. This disables
the automatic processing of MDFs after power failor radiometer reset.
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4. Step:Overwrite the old versions by the new ones

a)

b)

c)

d)

Copy the new version of 2CH.EXE (the radiometer $&ftware) on an arbitrary
directory on your hard disk (e.g. MyPath\RPG-HATRR&diometer PC). Then enter
the file transfer menu in Fig.7.5 and browse td theectory. Mark the 2CH.EXE file
in the Files-list and drag and drop it to the radéber's System Files Directory.
Because you are now going to overwrite a file im 8ystem Files Directory (which is
password protected for write access) a passwory amdow pops up. Please enter
the following password in exactly the way as ipigited here:

theringsofsaturn

Press OK and the 2CH.EXE on the radiometer PC bdlloverwritten by the new
2CH.EXE version. Exit the File Transfer Menu atfet.
Boot the radiometer PC to make the new 2CH.EXErtimaing version. You can do

this by entering the Manual Control Menzl) and selecting the “Dew Blower +
System” tag. Press the “Reset Radiometer PC” batwhconfirm the command with
YES. Wait for about 2 minutes to give the boot gssctime enough to finish. Then

reconnect to the radiometJ:}-'_hs). The Radiometer Status box now indicates the new
radiometer software version.

Terminate R2CH.EXE and overwrite the old R2CH.EXEMyPath\RPG-HATPRO
with the new version.

Execute R2CH.EXE to start the new host versionraodnnect to the radiometer with

=

The software upgrade is finished. You can confine successful upgrade by reading the
software version numbers of both, the embeddedomaeter PC (see main window
radiometer status display) and the host PC (see wiadow caption).

7.8 Changing the Microwave Window

RPG-HATPRO radiometers built after February 200férchn easy way to exchange the
microwave window from outside without the need émove the cover as can be seen
from Fig.7.6. The window material is a rubber foamith high transparency for
microwave frequencies. The window is a perforatesks that fits precisely into the frame
structure visible in Fig.7.6. It is fixed to thedrameter frame by four stainless steel
ribbons (Fig.7.8).
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Fig.7.6: Radiometer with removed microwave window.

Fig.7.7: Replacement microwave window sheet.
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Fig.7.8: Mounting the microwave window with stairde steel ribbons to the radiometer
frame structure. The window material is thermallysulating and acts as a seal for
water and humidity. No additional sealing lubricang required.

7.9 Replacing the External Surface Sensors

The external relative humidity and temperature genare field replaceable. In the following
the process of how to exchange these sensorsds bk
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Fig.7.8A-F: Dismounting the external surface sensorA) Sensor cage below the dew
blower. B) Unscrewing the T-sensor fan. C) Unscregithe sensor cage housing. D) The
humidity sensor (with gold plated cap) and the tensensor can be unscrewed by hand. E)
Temp. sensor removed. F) Humidity sensor removed.

Fig.7.8A-F describes how to take off the sensorecamd sensors. The replacement
temperature sensor comes together with the seasaoihnected to it.

8. Mounting of Accessories and Optional Hardware

8.1 Dew Blower Heater Module

Fig.8.1: Dew blower heater module.
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‘Separate heater
supply

Fig.8.2: Dew blower heater module mounted to theowkr air inlet using three of the
blower’s housing screws. Also shown are the electonnections.

The dew blower (even when it is extremely powerine is not sufficient to keep the
microwave window free of liquid water under all @wmental conditions. E.g. surface fog
consists of very small droplets comparable to the sf cloud droplets (diameter 10-30 um).
Hydrophobic coatings of microwave windows do notrkvtor these small droplets and the
relative humidity during fog is about 100% so ttfeg air cannot store and remove any more
humidity. Thus the blower’s air flow is not efficieenough to prevent the formation of a wet
window contamination. In this situation only a heshair flow can help.

RPG offers a heater module for the blower that,miaened on, increases the air temperature
by 6°C-10°C above the environmental temperatureneau the blower’s full power mode.
The heater’'s power is switched on together with lilmver's high speed mode. Thus it is
controlled by the combination of rain sensor aner @efined humidity threshold. Two heater
models are available (1300 Watts and 2000 Wattsrigepower), both offered for 110 V AC
and 220 V AC.

The heater module has a separate power cableitalbpendent from the radiometer supply
which might be powered by a UPS. The blowers cdb& is usually connected to the
radiometer housing, plugs into the heater modutethe heater module control cable plugs
into the radiometer connector as shown in Fig.Tl&is way, the heater module is also
controlled by the radiometer as the blower itself.

8.2 Azimuth Positioner

The azimuth positioner is an important option tietients the radiometer’s pointing range to
full sky. This might be particularly useful in apgations where e.g. fast humidity scans shall
be performed. Due to the high temporal resolutibthe RPG-HATPRO models a full sky
humidity field scan can be performed in a few masut
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8.2.1 Setting Up the Positioner Hardware

Adapter plate j|

T S S S .
<«———Power and datajcables

i

Azimuth drive

Fig.8.3: Radiometer mounted to the azimuth positeondrive. The power and data cables
are fed through the positioner’s center opening.

Fig.8.4: Modified stand base plate and adapter glatith azimuth motor driver.
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Fig.8.6: Feeding and fixing the power and data caislon the adapter plate.

During this scan the azimuth positioner is contumlp moving (20 seconds for a full rotation
0°-360°, holding the elevation angle constant) e/hite radiometer is measuring with a
temporal resolution of 0.2 seconds and storingledl different azimuth / elevation angles
together with the brightness temperature data. Therlevation angle is changed and a new
azimuth scan is started.

Fig.8.7: Fastening the adapter plate to the radiotee base plate and fixing the data and
power cables with cable straps on the radiometesdalate.
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Fig.8.8: Scanning mode~in action.

8.2.2 Adjusting Azimuth Positioner Direction

The host software includes the possibility of pseby adjusting the azimuth positioner’s zero

index position to North. This is usefull for oreaghic measurements or when different

instruments shall be aligned to the same scanninegtins. The described method assumes
that the stand is horizontally aligned in a propay as described in section 1.3.

The azimuth adjustment menu can be entered wite:ommand, as shown in Fig.8.8b.
The host software calculates the sun positionematlon and azimuth from the GPS position
and UTC time available from the GPS clock. The aaditer stand should be pre-adjusted so
that the azimuth positioner’s zero position is piom to North with an accuracy of better than
30°. This can be easily achieved with a standasdciast compass.

The user should start the adjustment procedure aviatively wide azimuth scanning span
(e.g. >=50°) and start the scan (clickart Scar) as shown in the upper left corner of Fig.8.8b.
After the scan is finished, the misalignment betwdbe real north direction and the
positioner's north direction is printed in the ‘Miggnment’ box. A positive misalignment
indicates that the stand is directed towards thetVdad should be rotated eastwards. In an
iterative process like indicated in Fig.8.8b, tiend’s orientation can be adjusted to the real
North with an accuracy of better than 0.5°.

The radiometer uses the detector voltage of tisé dmannel of receiver 1, if present (e.g. the
22.24 GHz channel in a RPG-HATPRO radiometer), rottse it takes the first channel of
receiver 2 (e.g. in the RPG-TEMPRO radiometer).

- 138 -



RPG’s Atmospheric Remote Sensing Raditarse
PG

[%| Adjusting Azimuth - [%| Adjusting Azimuth
sun Position (EL/AZ): | 33.31° 138,387 Sun Position {ELIAZ): | 32.76° 136.97°
GPS Longitude : | o7701'35"E | GPS Latitude : | 50°33°16" 1l GPS Longitude : | o7701'35"E | GPS Latitude : | 50°33°16" 1l
GPS Date: 24/03|2009 | GPS Time: [ 13(53103 GPS Date: 24/03|2009 | GPS Time: | 135817
Azimuth Scanning Span : 50° = Azimuth Scanning Span : 200 -
Elevation: 33.6° | Misalignment: 9,07 | Elevation: 33.0° | Misalignment: 3.5°
Pos. Azimuth:|  164.6° (Real Azimuth - Poz- Azimuth): Pos.Azimuth:| 1479 AheRt A Eoes St

Close

Close

— - T - —_——
[ Adjusting Azimuth H|E]@ [} Adjusting Azimuth H|E]@
Sun Position (EL/AZ): | 32.12° 135.42° sun Position (EL/AZ): | 31.80° ) 134.66°
GPS Longitude : | o7op1'357FE | GPSLatitude : | 50738467 11 GPS Longitude : | o7op1'357FE | GPSLatitude : | 50738467 11
GPS Date: 24032009 | GPSTime: [ 130406 GPS Date: 24032009 | GPSTime: [ 130700
Azimuth Scanning Span : 1m0 - Azimuth Scanning Span : 1w =
Elevation: | 32.4° | Misalignment: 1.0° | Elevation: | .87 | Misalignment: .0°

Pos. Azimuth: | 140.9° (Real Azimuth -

Pl W | T S

Close |

s, Azimuth): Pos. Azimuth : 120.0° (Real Azimuth - Pog. Azimuth):

Close |

Fig.8.8b: Azimuth angle adjustment using the sunggon.

8.3 Infrared Radiometer

The infrared radiometer data is used as an additiofiormation for retrievals dealing with
cloud base height, humidity profiling, LWP etc.drder to protect the IR optics the system is
operated in a tilted position (see Fig.8.9). Theb#am is reflected by a gold plated mirror to
zenith direction. The IR viewing direction can b®oged in a range 0°-90°.

This is useful when the IR data shall be combineth wnicrowave observations under
elevation angles other than zenith. The standardiore is a mechanically adjustable IR
radiometer mount as shown in Fig.8.9. If arbitracgn patterns (e.g. volume scans) shall be
performed with automatically synchronized elevatjpointing of the microwave and IR
beams, a motor driven mount is available. Thisarpts not a plug-and-play extension and
requires a modification of the radiometer housimgl @&lectronics. If desired, this feature
should be ordered together with the radiometerrdenoto avoid additional costs in a later
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upgrade. Fig.8.9b illustrates the IRR motor drilee motorized IRR is fully supported by the
host and radiometer software (see sections 5.hd58.4.1).

Fig.8.9: Infrared radiometer mounted to the radiortes side wall. Because of an axial

mount the IR radiometer viewing angle can be chaxgeetween 0° and 90° and fixed at an
arbitrary angle in this range.
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Fig.8.9b: The IRR motor drive (optional) moves thie radiometer(s) synchroneously with
the internal microwave elevation mirror in the ramg0° to 90°.

8.4 Fiber Optics Data Cable (Upgrade Version)

If you are going to upgrade the copper wire datdecto a fiber optics data cable, turn off the
radiometer power and perform the following steps:

Step 1:Remove the black plastic cover from the radiomBterinterface.

Step 2: Mount the converter A to the radiometer housinge($-ig.8.10, Fig.8.11 and
Fig.8.12).

Step 3:Mount the fiber optics cable to converter A (sep13).

Step 4: Connect the 6 fiber lines to the sockets on cdevek. Use the cable numbering
indicated on each line and match it to the numigandicated on converter A (see Fig.14).
Step5: Mount the lid onto converter A (see Fig.15).

Step 6:0n the host PC side, plug the 5 Volt supply (sgeBFL6) into a power socket (110-
220 Volt / AC) and connect the RS-232 plug into Hhest PC's RS-232 interface socket.
Then turn on the radiometer power and wait for autd to let the radiometer PC boot up.
Then connect to the radiometer PC from the Hosts&f@vare. You can run the radiometer
data connection with maximum speed now (115.200dBaMaximum fiber optics cable
length: 1200 m.
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Fig.8.10: Converter A with connectors 1 and 2.
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Fig.8.12a: Connect converter A to radiometer.

Fig.8.12b: Screw converter A to radiometer housiaging the 50 mm screws contained in
the upgrade Kkit.
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Fig.8.13b: Fiber oatics cable mount.
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line number’
i

Fig.8.14a: Connecting the fibers to the convertersackets. Use the number / color table to
connect the 6 fiber lines properly.

e )

Yeliow - fiser optic 4

While - fiber optic
— 2
Tange - fiver optic 3
PInk - fibey aptic 4
Soen - fiber optic 5
- fiber optic g

Fig.8.14b: Fiber optics cable munt completed.
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Fig.8.15b: Make sure that the seal fits properly.
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converter B

~RS-2382
\ coanector

e

Y > ._-'I_» . ” ' ' ail
SIS s Vol supply

Y

Fig.8.16: Host PC conrtr and 5 Volt supply.
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9. Trouble Shooting

problem

possible cause

what to do

host connection to
radiometer cannot be
established

A) bad cable inter-
connection

B) radiometer PC software
has crashed
C) host PC serial interfacsg
damaged

D) radiometer PC serial
interface damaged

E) radiometer not turned drturn on radiometer power and waif

check all connectors for cleanlines
and correct fitting, data cable(s)
damaged? Fiber optics cable
connected correctly?

reset radiometer PC (turn on/off ojf
use reset button)

replace host PC or use different
serial port

contact RPG

S

one minute for booting

message “The specified
port in ‘R2CH.CFG’ has
no data cable connecte
to it”

the host serial port
specified in the

I configuration file exists,
but the data cable is not
connected to it

connect the data cable to the right
host PC serial interface or change
the serial port number for the
connection to the radiometer (see
section 5.2)

measured LWP and
IWV values
unrealistically high

wet radome (microwave
window)

dry radome, eventually renew
hydrophobic coating or replace
window

set lower humidity threshold for
heater module switching (section
5.9.5)

interference (RFI) on
one of the reception
channels

external high frequency

etc.)

source (e.g. radar, data linkare not including the disturbed

use retrievals for level 2 data that

channel (contact RPG)

brightness temperatures
show strong drift

A) receivers are not
thermally stabilized

B) thermal control system
malfunction

wait for a warmup period of 45
minutes

check receiver temperatures in
diagnostics menu (see section
5.17.2), contact RPG

brightness temperatures
show spikes

A) external RFI source

B) external obstacle
(person, bird, etc...)
C) channel malfunction

remove external source or scan to|
different direction
remove external obstacle

contact RPG

message “Measurement A) radiometer power

finished” in
UNLIMITED mode

failure and radiometer’s

B) someone manually
terminated measurement

recovery mode is turned off

activate radiometer recovery modé
(see section 5.17.4)

rain flag always on or

A) rain sensor malfunction

off

B) dirty rain sensor

replace rain sensor (contact RPG)
cleaning of rain sensor
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surface temperature
sensor shows unrealisti
temperature

sensor malfunction

N
u

replace temperature sensod (fiel
replaceable)

surface humidity sensor
shows unrealistic
readings

sensor calibration
parameters not correct

contact RPG for sending new
SENSOR.SCL file for installation
on radiometer PC

damaged microwave
window

birds, ice, vandalism...

replace microwave windovk (as
RPG for replacement window
sheets)

blower always on high
speed

humidity threshold for

blower high speed and
activated heater module tg
low

increase rel. humidity threshold (s
section 5.9.5)
0

blower does not move

A) blower not correctly
connected to radiometer
B) radiometer power off
C) blower malfunction

check blower connecting cable

turn on radiometer power
contact RPG

sky tipping always fails

A) clear sky conditions,
inhomogeneous humidity
field
B) RFI in one of the
transparent channels

wait for better atmospheric tipping
conditions

try other azimuth angles for the
elevation tipping, delete the
elevation angle (where the
disturbance occurs) from tipping li
(see section 5.9.1)

=4

message “No response
cold load” after absolutg
calibration

té\) no liquid nitrogen in
external target or no targd
attached to radiometer bo
B) one of the receiver
channels has failed

install external cold target and fill
twith liquid nitrogen. Repeat
calibration

check channel responses in
diagnostics menu (see section
5.17.2), contact RPG

message “No response
noise diode” after
absolute calibration

td\) one of the channels ha
low signal level

B) the noise diode of one
the calibrated receivers ha
failed

5 check channel responses in
diagnostics menu (see section
5.17.2), turn on/off noise diode
manually, contact RPG
picontact RPG

S

- 149 -

4

bt

e



RPG’s Atmospheric Remote Sensing Raditarse
PG

Appendix A (File Formats)

Al: LWP-Files (*.LWP), Liquid Water Path

Variable Type # Bytes Description
Name
LWPCode int 4 LWP-File Code (=934501978)
N int 4 Number of recorded samples
LWPMin float 4 Minimum of recorded LWP values
LWPMax float 4 Maximum of recorded LWP values
LWPTimeRef int 4 Time reference (1: UTC, 0: Local Time)
LWPRetrieval int 4 0: lin. Reg., 1 : quad. Reg., 2: Neur. Net.
T1 int 4 Time of sample 1 (# of sec. sm1.1.2001)
RF 1V char 1 Rainflag of sample 1 (0: no rain, 1: rain)
LWP 1 float 4 LWP sample 1 [g/m"2]
LWPAng 1% float 4 LWP angle 1 [DEG]
T N int 4 Time of sample N (# of sec. €@ 1.1.2001
RF NV char 1 Rainflag of sample N (0: no rain, 1: rain)
LWP N float 4 LWP sample N [g/m"2]
LWPAng N float 4 LWP angle N [DEG]

) The rain flag is an 8 bit array: MSB 000yyxxSR, r = rain information (0= no rain,

1=raining) xx = qulity level (O=not evaluated, 1ghj 2=medium, 3=low), yy = reason for
reduced quality (see appendix A18)
@ Angle is coded in the following way: ANG=sign(Ekgion) * (Elevatior+1000*Azimuth)

A2: IWV-Files (*.IWV), Integrated Water Vapour

Variable Type # Bytes Description
Name
IWVCode int 4 IWV-File Code (=594811068)
N int 4 Number of recorded samples
IWVMin float 4 Minimum of recorded IWV values
IWVMax float 4 Maximum of recorded IWV values
IWVTimeRef int 4 Time reference (1. UTC, 0: LocalTime)
IWVRetrieval int 4 0: lin. Reg., 1 : quad. Reg., 2: Neur. Net.
T 1 int 4 Time of sample 1 (# of sec. sm1.1.2001)
RF 1V char 1 Rainflag of sample 1 (0: no rain, 1: rain)
WV 1 float 4 IWVsample 1 [kg/m"2]
IWVAng 1 float 4 IWV angle 1 [DEG]
T N int 4 Time of sample N (# of sec. €@ 1.1.2001
RF NV char 1 Rainflag of sample N (0: no rain, 1: rain)
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WV N

float

4

IWV sample N [kg/m"2]

IWVAng N®@

float

4

IWV angle N [DEG]

" The rain flag is an 8 bit array: MSB 000yyxxSRB, r = rain information (0= no rain,

1=raining) xx = qulity level (O=not evaluated, 1ghj 2=medium, 3=low), yy = reason for
reduced quality (see appendix A18)
@ Angle is coded in the following way: ANG=sign(E&tion) * (Elevatior}+1000*Azimuth)

A3: ATN-Files (*.ATN), Atmospheric Attenuation

Variable Type # Bytes Description
Name
ATNCode int 4 ATN-File Code (=7757564)

N int 4 Number of recorded samples
ATNTimeRef int 4 Time reference (1: UTC, O: LocalTime)
ATNRetrieval int 4 0: lin. Reg., 1: quad. Reg., 2: Neur. Bl.,

3: Tmr based retrieval
FregAnz int 4 # of recorded frequencies
Freqsli] float 4 x Frequencies [GHZ]
FreqAnz
ATNMInN[] float 4 x Minimum of recorded ATN values
FreqAnz
ATNMax([] float 4 x Maximum of recorded ATN values
FreqAnz
T1 int 4 Time of sample 1 (# of sec. sm1.1.2001)
RF 1V char 1 Rainflag of sample 1 (0: no rain, 1: rain)
ATN_1]] float 4 x ATN sample 1 (Attenuation [dB])
FreqAnz
ANG1? float 4 Observation angles, sample 1
T N int 4 Time of sample N (# of sec. €8 1.1.2001
RF NV char 1 Rainflag of sample N (0: no rain, 1: rain)
ATN_NTJ] float 4 x ATN sample N (Attenuation [dB])
FreqAnz
ANGN? float 4 Observation angles, sample N

) The rain flag is an 8 bit array: MSB 000yyxxSR, r = rain information (0= no rain,

1=raining) xx = qulity level (O=not evaluated, 1ghj 2=medium, 3=low), yy = reason for
reduced quality (see appendix A18)
@ Angle is coded in the following way: ANG=sign(E&tion) * (Elevatior}+1000*Azimuth)

A4: BRT-Files (*.BRT), Brightness Temperature

Variable Name Type # Bytes Description
BRTCode int 4 BRT-File Code (=666666)
N int 4 Number of recorded samples
BRTTimeRef int 4 Time reference (1. UTC, 0: LocalTime)
FreqgAnz int 4 # of recorded frequencies
Freq[] float | 4 x FregAnz|Frequencies [GHZ]
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BRTMin[] float |4 x FregAnz | Minimum array of recorded BRT values
BRTMax[] float |4 x FregAnz | Maximum array of recorded BRT values
T1 int 4 Time of sample 1 (# of sec. sm1.1.2001)
RF 1 char 1 Rainflag of sample 1 (0: no iy 1: rain)
BRT 1] float | 4 x FregAnz|Br. Temp. array sample 1 [K]
ANG 1V float 4 Elevation/Azimuth angle of sample 1 (DEG)
T N int 4 Time of sample N (# of sec. €@ 1.1.2001)
RF N char 1 Rainflag of sample N (0: no i, 1: rain)
BRT NI[] float | 4 x FregAnz|Br. Temp. sample N, frequency 1 [K]
ANG NV float 4 Elevation/Azimuth angle of sample N (DEG)

) Angle is coded in the following way: ANG=sign(E&tion) * (Elevatiorj+1000*Azimuth)

A5: MET-Files (*.MET), Meteorological Sensors

Variable Name Type # Bytes Description
METCode int 4 MET-File Code (=599658943)
N int 4 Number of recorded samples
METMinP float 4 Minimum of recorded pressure vdues
METMaxP float 4 Maximum of recorded pressure véues
METMInT float 4 Minimum of environmental temp. values
METMaxT float 4 Maximum of environmental temp. values
METMinH float 4 Minimum of recorded rel. humidi ty values
METMaxH float 4 Maximum of recorded rel. humidity values
METTimeRef int 4 Time reference (1. UTC, O0: Loc&Time)
T1 int 4 Time of sample 1 (# of sec. se1.1.2001)
RF 1 char 1 Rainflag of sample 1 (0: no i, 1: rain)
MET 1(0) float 4 Pressure value sample 1 frar]
MET 1(1) float 4 Temp. value sample 1 [K]
MET 1(2) float 4 Rel. humidity value sampld [%]
MET N(O) float 4 Pressure value sample N [bar]
MET N(1) float 4 Temp. value sample N [K]
MET N(2) float 4 Rel. humidity value sampléN [%]

A6: OLC-Files (*.OLC), Oxygen Line Chart

Variable Name | Type # Bytes Description
OLCCode int 4 OLC-File Code (=955874342)
N int 4 Number of recorded samples
OLCMin float 4 Minimum of recorded OL-Brt. va lues
OLCMax float 4 Maximum of recorded OL-Brt. values
OLCTimeRef int 4 Time reference (1: UTC, 0: LocaTime)
FregAnz int 4 # of recorded frequencies in oxgen line
Freq[i] float | 4 x FreqgAnz| Frequencies [GHZz]
T1 int 4 Time of sample 1 (# of sec. se1.1.2001)
RF 1 char 1 Rainflag of sample 1 (0: no i 1: rain)
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02 BRT 1(i) | float| 4 x FregAnZ Brightness Temp. of oxygen line [K], sample 1
ANG1Y float 4 Observation angles, sample 1
T N int 4 Time of sample N (# of sec. si@ 1.1.2001)
RF N char 1 Rainflag of sample N (0: no i, 1: rain)

02 BRT N(i) | float ] 4 x FregAnz| Brightness Temp. of oxygen line [K], sample N
ANGNY float 4 Observation angles, sample N

) Angle is coded in the following way: ANG=sign(E&tion) * (Elevatiorj+1000*Azimuth)

A7: TPC-Files (*.TPC), Temperature Profile Chart (Full Trop.)

Variable Name | Type| # Bytes Description
TPCCode int 4 TPC-File Code (=780798065)
N int 4 Number of recorded samples
TPCMin float 4 Minimum of recorded temperature values
TPCMax float 4 Maximum of recorded temperatue values
TPCTimeRef int 4 Time reference (1: UTC, 0: LochTime)
TPCRetrieval int 4 0: lin. Reg., 1 : quad. Reg2: Neural Network
AltAnz int 4 # of altitude layers
Alts]i] int | 4 x AltAnz |Altitudes [m]
T1 int 4 Time of sample 1 (# of sec. sm1.1.2001)
RF 1V char 1 Rainflag of sample 1 (0: no rain, 1: rain)
TP 1(i) float| 4 x AltAnz | Temperature Profile[K], sample 1
T N int 4 Time of sample N (# of sec. si@ 1.1.2001)
RF NV char 1 Rainflag of sample N (0: no rain, 1: rain)
TP _N(i) float | 4 x AltAnz | Temperature Profile[K], sample N

") The rain flag is an 8 bit array: MSB 000yyxxSR, r = rain information (0= no rain,
1=raining) xx = qulity level (O=not evaluated, 1ghj 2=medium, 3=Ilow), yy = reason for
reduced quality (see appendix A18)

A8: TPB-Files (*.TPB), Temperature Profile Chart (Boundary Layer)

Variable Name | Type| # Bytes Description
TPBCode int 4 TPB-File Code (=459769847)
N int 4 Number of recorded samples
TPBMin float 4 Minimum of recorded temperature values
TPBMax float 4 Maximum of recorded temperatue values
TPBTimeRef int 4 Time reference (1: UTC, 0: LochTime)
TPBRetrieval int 4 0: lin. Reg., 1 : quad. Reg2: Neural Network
AltAnz int 4 # of altitude layers
Alts]i] int | 4 x AltAnz |Altitudes [m]
T1 int 4 Time of sample 1 (# of sec. sm1.1.2001)
RF 1V char 1 Rainflag of sample 1 (0: no rain, 1: rain)
TP 1(i) float| 4 x AltAnz | Temperature Profile[K], sample 1
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T N int 4 Time of sample N (# of sec. si@ 1.1.2001)
RF NV char 1 Rainflag of sample N (0: no rain, 1: rain)
TP _N(i) float | 4 x AltAnz | Temperature Profile[K], sample N

) The rain flag is an 8 bit array: MSB 000yyxxSR, r = rain information (0= no rain,
1=raining) xx = qulity level (O=not evaluated, 1ghj 2=medium, 3=low), yy = reason for
reduced quality (see appendix A18)

A9: WVL-Files (*WVL), Water Vapour Line Chart

Variable Name | Type # Bytes Description
WVLCode int 4 WVL-File Code (=456783953)
N int 4 Number of recorded samples
WVLMin float 4 Minimum of recorded WVL-Brt. v alues
WVLMax float 4 Maximum of recorded WVL-Brt. values
WVLTimeRef int 4 Time reference (1: UTC, 0: Locd Time)
FregAnz int 4 # of recorded frequencies in W\line
Freq[i] float |4 x FreqAnz|Frequencies [GHZz]
T1 int 4 Time of sample 1 (# of sec. se1.1.2001)
RF 1 char 1 Rainflag of sample 1 (0: no i 1: rain)
WVL BRT 1(i) | float |4 x FreqAnz|Brightness Temp. of WV line [K], sample 1
ANG1Y float 4 Observation angle, sample 1
T N int 4 Time of sample N (# of sec. si@ 1.1.2001)
RF N char 1 Rainflag of sample N (0: no i, 1: rain)
WVL BRT N(i) | float |4 x FreqAnz|Brightness Temp. of WV line [K], sample N
ANGN?Y float 4 Observation angle, sample N

) Angle is coded in the following way: ANG=sign(E&tion) * (Elevatiorj+1000*Azimuth)

A10(1): HPC-Files (*.HPC), Humidity Profile Chart (without RH)

Variable Name | Type| # Bytes Description
HPCCode int 4 HPC-File Code (=117343672)
N int 4 Number of recorded samples
HPCMin float 4 Minimum of recorded abs. humidty values
HPCMax float 4 Maximum of recorded abs. humidy values
HPCTimeRef int 4 Time reference (1. UTC, 0: LochTime)
HPCRetrieval int 4 0: lin. Reg., 1 : quad. RegZ2: Neural Network
AltAnz int 4 # of altitude layers
Alts]i] int | 4 x AltAnz |Altitudes [m]
T 1 int 4 Time of sample 1 (# of sec. sm1.1.2001)
RF 1V char 1 Rainflag of sample 1 (0: no rain, 1: rain)
HP_1(i) float| 4 x AltAnz | Humidity Profile [g/m”3], sample 1
T N int 4 Time of sample N (# of sec. si@ 1.1.2001)
RF NV char 1 Rainflag of sample N (0: no rain, 1: rain)
HP_N(i) float | 4 x AltAnz | Humidity Profile [g/m"3], sample N
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@ The rain flag is an 8 bit array: MSB 000yyxxSR, r = rain information (0= no rain,
1=raining) xx = qulity level (O=not evaluated, 1ghj 2=medium, 3=low), yy = reason for
reduced quality (see appendix A18)

A10(2): HPC-Files (*.HPC), Humidity Profile Chart (including RH)

Variable Name | Type| # Bytes Description
HPCCode int 4 HPC-File Code (=117343673)
N int 4 Number of recorded samples
HPCMin float 4 Minimum of recorded abs. humidty values
HPCMax float 4 Maximum of recorded abs. humidy values
HPCTimeRef int 4 Time reference (1: UTC, 0: LochTime)
HPCRetrieval int 4 0: lin. Reg., 1 : quad. RegZ2: Neural Network
AltAnz int 4 # of altitude layers
Alts[i] int | 4 x AltAnz |Altitudes [m]
T1 int 4 Time of sample 1 (# of sec. se1.1.2001)
RF 1V char 1 Rainflag of sample 1 (0: no rain, 1: rain)
HP_1(i) float| 4 x AltAnz | Abs. Humidity Profile [g/m"3], sample 1
T N int 4 Time of sample N (# of sec. si@ 1.1.2001)
RF NV char 1 Rainflag of sample N (0: no rain, 1: rain)
HP_N(i) float | 4 x AltAnz | Abs. Humidity Profile [g/m”3], sample N
RHMin float 4 Minimum of recorded rel. humidity values [%]
RHMax float 4 Maximum of recorded rel. humidity values [%]
T1 int 4 Time of sample 1 (# of sec. se1.1.2001)
RF 1V char 1 Rainflag of sample 1 (0: no rain, 1: rain)
HP 1(i) float | 4 x AltAnz | Rel. Humidity Profile [%], sample 1
T N int 4 Time of sample N (# of sec. si@ 1.1.2001)
RF NV char 1 Rainflag of sample N (0: no rain, 1: rain)
HP N(i) float | 4 x AltAnz | Abs. Humidity Profile [%], sample N

" The rain flag is an 8 bit array: MSB 000yyxxSRB, r = rain information (0= no rain,
1=raining) xx = qulity level (O=not evaluated, 1ghj 2=medium, 3=low), yy = reason for
reduced quality (see appendix A18)

All: LPR-Files (*.LPR), Liquid Water Profile Chart

Variable Name | Type # Bytes Description
LPRCode int 4 LPR-File Code (=4567)
N int 4 Number of recorded samples
LPRMin float 4 Minimum of recorded LW-density
LPRMax float 4 Maximum of recorded LW-density
LPRTimeRef int 4 Time reference (1. UTC, 0: LocATime)
LPRRetrieval int 4 0: lin. Reg., 1 : quad. Reg.2: Neural Network
AltAnz int 4 # of altitude layers
Alts]i] int | 4 x AltAnz |Altitudes [m]
T1 int 4 Time of sample 1 (# of sec. se1.1.2001)
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RF 1V char 1 Rainflag of sample 1 (0: no rain, 1: rain)
LWD 1(i) float | 4 x AltAnz | LW-density profile [g/m”3], sample 1

T N int 4 Time of sample N (# of sec. si@ 1.1.2001)

RF NV char 1 Rainflag of sample N (0: no rain, 1: rain)
LWD N(i) float | 4 x AltAnz |LW-density profile [g/m"3], sample N

" The rain flag is an 8 bit array: MSB 000yyxxSRB, r = rain information (0= no rain,
1=raining) xx = qulity level (O=not evaluated, 1ghj 2=medium, 3=low), yy = reason for
reduced quality (see appendix A18)

Al2a: IRT-Files (*.IRT), Infrared Radiometer Temperatures (old)

Variable Name | Type # Bytes Description
IRTCode int 4 IRT-File Code (=671112495)
N int 4 Number of recorded samples
IRTMin float 4 Minimum of recorded IRT values
IRTMax float 4 Maximum of recorded IRT values
IRTTimeRef int 4 Time reference (1. UTC, O0: Loc&Time)
T1 int 4 Time of sample 1 (# of sec. sm1.1.2001)
RF 1 char 1 Rainflag of sample 1 (0: no i 1: rain)
IRT 1 float 4 Infrared temperature [°C], sample 1
T N int 4 Time of sample N (# of sec. si@ 1.1.2001)
RF N char 1 Rainflag of sample N (0: no i, 1: rain)
IRT N float 4 Infrared temperature [°C], sample N

Al12Db: IRT-Files (*.IRT), Infrared Radiometer Temperatures (new)

Variable Name | Type # Bytes Description
IRTCode int 4 IRT-File Code (=671112496)
N int 4 Number of recorded samples
IRTMin float 4 Minimum of recorded IRT values
IRTMax float 4 Maximum of recorded IRT values
IRTTimeRef int 4 Time reference (1. UTC, O0: Loc&Time)
FregAnz int 4 # of recorded IRRs
Freq(] float | 4 x FregAnz| Wavelengths [um]
T1 int 4 Time of sample 1 (# of sec. sm1.1.2001)
RF 1 char 1 Rainflag of sample 1 (0: no i 1: rain)
IRT[] 1 float | 4 x FregAnz|Infrared temperatures [°C], sample 1
ANG 1V float 4 Elevation/Azimuth angle of sample 1 (DEG)
T N int 4 Time of sample N (# of sec. si@ 1.1.2001)
RF N char 1 Rainflag of sample N (0: no m, 1: rain)
IRT[]_ N float | 4 x FregAnz|Infrared temperatures [°C], sample N
ANG NV float 4 Elevation/Azimuth angle of sample N (DEG)

") Angle is coded in the following way: ANG=sign(Ekion) * (Elevatior}+1000*Azimuth)
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Al3a: BLB-Files (*.BLB), Boundary Layer BT Profiles (old)

Variable Name | Type] # Bytes Description
BLBCode int 4 BLB-File Code (=567845847)
N int 4 Number of recorded samples
BLBMin[] float 14*4 Minimum of recorded BLB values (14
channels, 22.24-31.4, 51.3-58)
BLBMax(] float 14*4 Maximum of recorded BLB values (14
channels, 22.24-31.4, 51.3-58)
BLBTimeRef int 4 Time reference (1: UTC, 0: LocaTime)
Nf int 4 No. of frequencies (14)

Freq(] float Nf*4 Frequencies [GHZ]

Nang int 4 No. of scanning angles (without 0°)

Ang[]® float | Nang*4 | Scanning angles [DEG], without 0°

T1 int 4 Time of sample 1 (# of sec. se1.1.2001)

RF/Mode_1 char 1 Rainflag/Mode of sample 1. Bit1=0: no rain
Bitl=1: rain; Bit2/3=0/0: 1* Quadrant Scan,
Bit2/3=1/0:2" Quadrant Scan, Bit2/3=0/1
Averaged Two Quadrant Scan

BT1 1] float | (Nang+1)*4|BTs for channel 1 (22.4 GHz) atdifferent
angles (starting with zenith), sample 1, th
temperature at 0° is added to each scg
(surface sensor)

BT14 1] float| (Nang+1)*4|BTs for channel 14 (58 GHz) at different angle
(starting with zenith), sample 1, the
temperature at 0° is added to each scg
(surface sensor)

T N int 4 Time of sample N (# of sec. si@ 1.1.2001)

RF/Mode_N char 1 Rainflag/Mode of sample N. Bit1=0: no rain
Bitl=1: rain; Bit2/3=0/0: 1% Quadrant Scan,
Bit2/3=1/0:2" Quadrant Scan, Bit2/3=0/1
Averaged Two Quadrant Scan

BT1_N[] float | (Nang+1)*4|BTs for channel 1 (22.4 GHz) at differen
angles (starting with zenith), sample N, th
temperature at 0° is added toeach scar
(surface sensor)

BT14 NJ] float | (Nang+1)*4|BTs for channel 14 (58 GHz) at different angle|

(starting with  zenith), sample N, the
temperature at 0° is added to each scg

(surface sensor)

") Angle is coded in the following way: Ang=sign(Eégion) * (Elevatior}+1000*Azimuth)

A13b: BLB-Files (*.BLB), Boundary Layer BT Profiles (new)

Variable Name | Type| # Bytes Description
BLBCode int 4 BLB-File Code (=567845848)
N int 4 Number of recorded samples
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Nf int 4 No. of frequencies
BLBMin(] float A*Nf Minimum of recorded BLB v alues
BLBMax(] float 4*Nf Maximum of recorded BLB v alues
BLBTimeRef int 4 Time reference (1. UTC, 0: LocaTime)
Freq[] float Nf*4 Frequencies [GHZ]
Nang int 4 No. of scanning angles (without 0°)
Ang[]® float | Nang*4 | Scanning angles [DEG], without 0°
T1 int 4 Time of sample 1 (# of sec. se1.1.2001)
RF/Mode_1 char 1 Rainflag/Mode of sample 1. Bit1=0: no rain
Bitl=1: rain; Bit6/7=0/0: 1* Quadrant Scan,
Bit6/7=1/0:2" Quadrant Scan, Bit6/7=0/1:
Averaged Two Quadrant Scan, Bit6/7=1/1
Two Independent Scans

BT1 1] float | (Nang+1)*4|BTs for channel 1 at different angles (starting
with zenith), sample 1, the temperature 80° is
added to each scan (surface sensor)

BTNf_1[] float | (Nang+1)*4|BTs for channel Nf at different angles (starting
with zenith), sample 1, the temperature at 0° i
added to each scan (surface sensor)

T N int 4 Time of sample N (# of sec. si@ 1.1.2001)
RF/Mode_N char 1 Rainflag/Mode of sample N. Bit1=0: no rain
Bitl=1: rain; Bit6/7=0/0: 1% Quadrant Scan,
Bit6/7=1/0:2"Y Quadrant Scan, Bit6/Z=0/1;
Averaged Two Quadrant Scan Bit6/7=1/1:
Two Independent Scans

BT1_N[] float | (Nang+1)*4|BTs for channel 1 at different angles (starting
with zenith), sample N, the temperature at 0° i
added to each scan (surface sensor)

BTNf_N[] float | (Nang+1)*4|BTs for channel Nf at different angles (starting

with zenith), sample N, the temperature at 0° i
added to each scan (surface sensor)

) Angle is coded in the following way: Ang=sign(Eégion) * (Elevatior}+1000*Azimuth)

Al4: STA-Files (*.STA), Stability Indices

Variable Name | Type| # Bytes Description
STACode int 4 STA-File Code (=454532)
N int 4 Number of recorded samples
STAMIN[] float 4 Minimum of recorded indices
STAMax(] float 4 Maximum of recorded indices
STAIndexList int 6*4 Flag for each index (1: Index present in file,
Index not present in file). Sequence: LI, KO
TTI, KI, SI, CAPE
STATimeRef int 4 Time reference (1: UTC, 0: Local Tme)
T1 int 4 Time of sample 1 (# of sec. se1.1.2001)
RF 1V char 1 Rainflag of sample 1 (0: no rain, 1: rain)
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STA1l 1 float 4 LI-sample 1 (if STAIndexLig0]=1)
STAl 6 float 4 CAPE-sample 1 (if STAIndexist[5]=1)

T N int 4 Time of sample N (# of sec. si@ 1.1.2001)
RF NV char 1 Rainflag of sample N (0: no rain, 1: rain)
STAN 1 float 4 LI-sample N (if STAIndexLi$[0]=1)

STAN 6 float 4 CAPE-sample N (if STAIndexlst[5]=1)

" The rain flag is an 8 bit array: MSB 000yyxxSRB, r = rain information (0= no rain,
1=raining) xx = qulity level (O=not evaluated, 1ghj 2=medium, 3=low), yy = reason for

reduced quality (see appendix A18)

A15: Structure of Calibration Log-File (CAL.LOG)

Variable Name Type # Bytes Description
STACode int 4 CAL.LOG -File Code (=657643)
N_Gain int 4 Number of recorded gain a.
samples
N_Noise int 4 Number of recorded noise cal
samples
N_SkyTip int 4 Number of recorded tip curve
cal. samples
N CH Recl int 4 Number of receiver 1 channl
N CH Rec2 int 4 Number of receiver 2 chanrel
Frequ[] float 4* ChanNo Frequencies of Recl and Rec2
CalTypel int 4 Type of calibration sample 1
(O=gain, 1=noise, 2=tip curvg
results, 3=tip curve with full fit
information)
CalTimel int 4 Time of sample 1 (# of sec. sing
1.1.2001)
TipCurveStatl int 4 Status of tip curve calibration
(only if CalTypel=2 or 3), 3 I
FAILED, 2 = SUCCESS
Gainl|] float 4* ChanNo Gains of calibration sample 1
Tsysl|] float 4* ChanNo system noise temps of calibratio
sample 1 (only if CalTypd=1 or
CalTypel=2 or CalTypel=3)
LinCorrl[] float 4* ChanNo Linear correlations for
calibration sample 1 (only fif
CalTypel=2 or 3)
Chisqri]] float 4* ChanNo Chi square factors for calibration
sample 1 (only if CalTypel=2 o
3)
NoiseTempl][] float 4* ChanNo Noise source temperatures fo

calibration sample 1 (only if
CalTypel=2 or 3)
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SkyTipAngAnzl

int

4

Number of sky tip for calibration
sample 1 (only if CalTypel= 3)

Airmassl]]

float

4* SkyTipAngAnzl

Airmass array (only if

CalTypel=3)

SkyDipUs1]i][j]

i=0, ..., N_CH_Rec1-1
=0, ...,

SkyTipAngAnzl

float

4* N_CH_Recl*
(SkyTipAngAnz1+1)

Sky dip detector voltages (only i
CalTypel=3). For each frequenc
the det. Voltage is given at a
angles. The last entry is thg
voltage on the hot target

TauSuccessl|]

int

4*N_CH_Recl

Flag that indicates if the Tau
calculation during the skydip was
successful (0=no, 1l=yes2=yes
also skydip successfil (only if
CalTypel=3)

TauArr1[0][j]

float

4* SkyTipAngAnzl

Tau array for channel 1 (only ff
CalTypel=3 and TauSuccess
[0]=1)

LinFitLA[O]

float

Linear Fit parameter A (offset)
for channel 1 (only if CalTypel=3
and TauSuccess1[0]=1)

LinFit1B[0]

float

Linear Fit parameter B (slope)
for channel 1 (only if CalTypel=3
and TauSuccess1[0]=1)

TauArrl[N_CH_Recl-
1101

float

4* SkyTipAngAnzl

Tau array for last channel (only
if CalTypel=3 and TauSuccess
[N CH Recl-1]=1)

LinFitlA[N_CH_Rec1-
1]

float

Linear Fit parameter A (offset)
for channel 1 (only if CalTypel=3
and TauSuccess1l[N_CH_Rec]
1]1=1)

LinFitlB[N_CH_Recl-
1]

float

Linear Fit parameter B (slope)
for last channel (only if
CalTypel=3 and TauSuccess
[N CH Rec1-1] =1)

CalTypeN

int

Type of calibration sample N
(O=gain, 1=noise, 2=tip curce)

CalTimeN

int

Time of sample N (# of sec. sing
1.1.2001)

TipCurveStatN

int

Status of tip curve calibration
(only if CalTypeN=2),
3=FAILED, 2=SUCCESS

GainN[]

float

4* ChanNo

Gains of calibration sample 1

TsysN[]

float

4* ChanNo

system noise temps of calibratio
sample N (only if CalTypeN=1 of
CalTypeN=2)

LinCorrN[]

float

4* ChanNo

Linear correlations for

calibration sample N (only if
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CalTypeN=2)

ChiSqgrN[]

float

4* ChanNo

Chi square factors for calibration
sample N (only if CalTypeN=2)

NoiseTempN][]

float

4* ChanNo

Noise source temperatures fo
calibration sample N (only if
CalTypeN=2)

SkyTipAngAnzN

int

4

Number of sky tip for calibration
sample N (only if CalTypel= 3)

AirmassN[]

float

4* SkyTipAngAnzN

Airmass array (only if

CalTypel=3)

SkyDipUsN[i][j]
i=0, ..., N_CH_Rec1-1
=0, ...,
SkyTipAngAnzN

float

4* N_CH_Recl*
(SkyTipAngAnzN+1)

Sky dip detector voltages (only i
CalTypel=3). For exch frequency
the det. Voltage is given at a
angles. The last entry is thg
voltage on the hot target, sampl
N

TauSuccessN[]

int

4*N_CH_Recl

Flag that indicates if the Tau
calculation during the skydip was
successful (0=no, 1=yes, 2=y¢
also skydp successful) (only i
CalTypel=3), sample N

TauArrN[O][j]

float

4* SkyTipAngAnzN

Tau array for channel 1 (only if
CalTypel=3 and TauSuccess
[0]=1)

LinFitLA[O]

float

Linear Fit parameter A (offset)
for channel 1 (only if CalTypel=3
and TauSuccessN[0]=1)

LinFit1B[0]

float

Linear Fit parameter B (slope)
for channel 1 (only if CalTypel=3
and TauSuccessN[0]=1)

TauArrl[N_CH_Recl -
110

float

4* SkyTipAngAnzN

Tau array for last channel (nly
if CalTypel=3 and TauSuccess
[N CH Recl -1]=1)

LinFitLA[N_CH_Recl
-1]

float

Linear Fit parameter A (offset)
for channel 1 (only if CalTypel=3
and TauSuccessN[N_CH_Recl
1]1=1)

LinFit1B[N_CH_Recl -
1]

float

Linear Fit parameter B (slope)
for last channel (only if
CalTypel=3 and TauSucceds

[N CH Recl -1] =1)

with N = N_Gain + N_Noise + N_SkyTip and ChanNo =@H_Rec1+ N_CH_Rec2.

Al16: CBH-Files (*.CBH), Cloud Base Height

Variable Name

Type

# Bytes

Description

CBHCode int

4

CBH-File Code (=67777499)

- 161 -



RPG’s Atmospheric Remote Sensing Raditarse
PG

N int 4 Number of recorded samples
CBHMin float 4 Minimum of recorded CBH values
CBHMax float 4 Maximum of recorded CBH values
CBHTimeRef int 4 Time reference (1: UTC, 0: LocATime)
T1 int 4 Time of sample 1 (# of sec. sm1.1.2001)
RF 1V char 1 Rainflag of sample 1 (0: no rain, 1: rain)
CBH 1 float 4 Cloud base height [m], samel1
T N int 4 Time of sample N (# of sec. si@ 1.1.2001)
RF NV char 1 Rainflag of sample N (0: no rain, 1: rain)
CBH N float 4 Cloud base height [m], sampIN

) The rain flag is an 8 bit array: MSB 000yyxxSR, r = rain information (0= no rain,
1=raining) xx = qulity level (O=not evaluated, 1ghj 2=medium, 3=low), yy = reason for
reduced quality (see appendix A18)

Al7a: VLT-Files (*.VLT), Channel Voltage File (old version)

Variable Name | Type| # Bytes Description
CBHCode int 4 VLT-File Code (=362118746)
N int 4 Number of recorded samples
IntTimelndex int 4 Integration time index (0:1sec, 1:2sec, 2:5 sq
3:10sec, 4:20sec, 5:30sec, 6:60sec)
DiagSource[0..3]| int 4x4 Type array for the four acquisition channels;
O=disabled, 1=receiver 1 voltage dat:
2=receive 2 voltage data, 3=ambient targe
temp., 4=env. temp, 5=rec. 1 temp., 6=rec.
temp., 7=bar. Pressure, 8=rel. humidity
DataSamplel, | float 4 or 7x4 |Data for sample 1 (7 floats in the case of da
DiagSource[0] type =1/2, one float in all other cases)
DataSamplel, | float 4 or 7x4 |Data for sample 1 (7 floats in the case of da
DiagSource[1] type =1/2, one float in all other cases)
DataSamplel, | float 4 or 7x4 |Data for sample 1 (7 floats in the case of da
DiagSource[2] type =1/2, one float in all other cases)
DataSamplel, | float 4 or 7x4 |Data for sample 1 (7 floats in the case of da
DiagSource[3] type =1/2, one float in all other cases)
Timel int 4 Time in seconds after measurement start of
sample N
DataSampleN, | float 4 or 7x4 |Data for sample N (7 floats in the case of da
DiagSource[0] type =1/2, one float in all other cases)
DataSampleN, | float 4 or 7x4 |Data for sample N (7 floats in the case of da
DiagSource[1] type =1/2, one float in all other cases)
DataSampleN, | float 4 or 7x4 |Data for sample N (7 floats in the case of da
DiagSource[2] type =1/2, one float in all other cases)
DataSampleN, | float 4 or 7x4 |Data for sample N (7 floats in the case of da
DiagSource[3] type =1/2, one float in all other cases)
TimeN int 4 Time in seconds after measurement start (¢

sample N
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Al7b: VLT-Files (*.VLT), Channel Voltage File (new version)

Variable Name | Type| # Bytes Description
CBHCode int 4 VLT-File Code (=362118747)
N int 4 Number of recorded samples
IntTimelndex int 4 Integration time index (0:1sec, 1:2sec, 2:5 sq
3:10sec, 4:20sec, 5:30sec, 6:60sec)
SlaveRecord int 4 =0: no Slave radiometer data recorded, =1
Slave radiometer data recorded
R1FANz int 4 Receiver 1 number of frequencies
ReclFreqs|] float| R1FAnz x4| Receiver 1 frequencid&Hz]
R2FANz int 4 Receiver 2 number of frequencies
Rec2Freqs|] float| R2FANnz x4| Receiver 2 frequencid&Hz]
SIR1FANz int 4 If SlaveRecord =1: Slave Receiver 1 number
frequencies
SIReclFreqs[] | float| SIR1FAnz|If SlaveRecord =1. Slave Receiver
x4 frequencies [GHZz]
SIR2FANz int 4 If SlaveRecord =1: Slave Receiver 2 number
frequencies
SIRec2Freqs]] float| SIR2FAnz |If SlaveRecord =1: Slave Receiver
x4 frequencies [GHZ]

DiagSource[0..3] int 4x4 Type array for the four acquisition channels;
O=disabled, 1=receiver 1 voltage dat;
2=receiver 2 voltage data, 3=ambient targg
temp., 4=env. temp, 5=rec. 1 temp., 6=rec.
temp., 7=bar. Pressure, 8=rel. humidity

DataSamplel, | float 4 or 7x4 |Data for sample 1 (7 floats in the case of da
DiagSource[0] type =1/2, one float in all other cases)
DataSamplel, | float 4 or 7x4 |Data for sample 1 (7 floats in the case of da
DiagSource[1] type =1/2, one float in all other cases)
DataSamplel, | float 4 or 7x4 |Data for sample 1 (7 floats in the case of da
DiagSource[2] type =1/2, one float in all other cases)
DataSamplel, | float 4 or 7x4 |Data for sample 1 (7 floats in the case of da
DiagSource[3] type =1/2, one float in all other cases)

Timel int 4 Time in seconds after measurement start o

sample N

DataSampleN, | float 4 or 7x4 |Data for sample N (7 floats in the case of da
DiagSource[0] type =1/2, one float in all other cases)
DataSampleN, | float 4 or 7x4 |Data for sample N (7 floats in the case of da
DiagSource[1] type =1/2, one float in all other cases)
DataSampleN, | float 4 or 7x4 |Data for sample N (7 floats in the case of da
DiagSource[2] type =1/2, one float in all other cases)
DataSampleN, | float 4 or 7x4 |Data for sample N (7 floats in the case of da
DiagSource[3] type =1/2, one float in all other cases)

TimeN int 4 Time in seconds after measurement start (

sample N
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A18: HKD-Files (*.HKD), Housekeeping Data File

Variable Name | Type| # Bytes Description
HKDCode int 4 HKD-File Code (=837854832)
N int 4 Number of recorded samples
HKDTimeRef int 4 Time reference (1. UTC, O0: Loc&Time)
HKDSelect” int 4 Selects the recorded data groups of this &l
T1 int 4 Time of sample 1 (# of sec. sm1.1.2001)
Alarm 1@ char 1 Alarm flag of sample 1 (0: ok, 1: alarm)
Longitude 1® | float 4 GPS longitude of sample 1 (only if bit 1 d
HKDSelect is set to ‘1)
Latitude_1® | float 4 GPS latitude of sample 1 (onlyif bit 1 of
HKDSelect is set to ‘1)
T[0,..,3]_1 float 4x4 Temperatures of sample 1.T[0]=ambient
target sensor 1, T[1]=ambient target sensor
(if present), T[2]=humidity profiler receiver(1),
T[3]=temperaure profiler receiver(2) (only if
bit 2 of HKDSelect is set to ‘1’), unit [K]
Stab[0,1]_1 float 2x4 Temperature stability of reeiver 1 and 2(only
if bit 3 of HKDSelect is set to ‘1’), unit [K]
Flash_1 int 4 Remaining flash memory (only if bit4 of
HKDSelect is set to ‘1’), unit [kBytes]
Quality 1@ int 4 Quality flags of sample 1 (only if bit 5 of
HKDSelect is set to ‘1)
Status_1° int 4 Status flags of sample 1 (only if bit 5of
HKDSelect is set to ‘1)
T N int 4 Time of sample N (# of sec. si@ 1.1.2001)
Alarm N®@ char 1 Alarm flag of sample N (0: ok, 1: alarm)
Longitude N® [ float 4 GPS longitude of sample N (only if bit 1 o
HKDSelect is set to ‘1)
Latitude N® | float 4 GPS latitude of sample N (only if bit 1 o
HKDSelect is set to ‘1)
T[0,..,3]_N float 4x4 Temperatures of sample N.T[0]=ambient
target sensor 1, T[1]=ambient target sensor
(if present), T[2]=humidity profiler receiver(1),
T[3]=temperaure profiler receiver(2) (only if
bit 2 of HKDSelect is set to ‘1’), unit [K]
Stab[0,1]_N float 2x4 Temperature stability of reeiver 1 and 2(only
if bit 3 of HKDSelect is set to ‘1’), unit [K]
Flash_N int 4 Remaining flash memory (only if bit4 of
HKDSelect is set to ‘1’), unit [kBytes]
Quality N® int 4 Quality flags of sample N (only if bit 5 of
HKDSelect is set to ‘1)
Status_N* int 4 Status flags of sample N (only if bit 5of

HKDSelect is set to ‘1)

M HKDSelect Only the first byte of this integer value is uded selection of data groups.
The meaning of the various bit settings of thishgtthe following:
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Bit 1: When this bit is set to ‘1’, the GPS-positiflongitude, latitude) is recorded in this file,
otherwise not.

Bit 2: When this bit is set to ‘1", the temperataiaa is recorded in this file, otherwise not.
Bit 3: When this bit is set to ‘1", the receiveaBility data is recorded in this file, otherwise
not.

Bit 4: When this bit is set to ‘1", the remainingsh memory is recorded in this file, otherwise
not.

Bit 5: When this bit is set to ‘1", quality flagsearecorded in this file, otherwise not.

Bit 6: When this bit is set to ‘1’, status flage aecorded in this file, otherwise not.

@) Alarm : The alarm flag is activated in the following case
» interference or failure of a channel that is useone of the retrievals
» thermal receiver stability not sufficient for mes=mment
* noise diode failure of one of the receivers
* ambient target thermal sensor not stable

®) GPS longitude / latitude format (-)DDDMM.mmmm, longitude is negative: West of O-
meridian, latitude is negative: South of equat@DD’ is measured in degrees (0-180 for
longitude, 0-90 for latitude), ‘MM’ is measures minutes (), ‘mmmm’ is the decimal
fraction of ‘MM'. Example: longitude = -12245.50 mwes 122°45'30” West, latitude -
3321.25 means 33°21'15” South.

@ Quality Flags: This 4 byte unsigned integer is subdivided intgr@ups of 4 bits:

MSB YYXX  YYXX  YYXX  YYXX  YYXX  YYXX  YYXX  YYXX LSB
LP STA TPB TPC HPC DLY IWV LWP

Each group represents the quality flags of a aet&aiel 2 product (retrieved data). The ‘xx’
bits are coded in the following way:
* ‘xx’ = 0: this level 2 product is not evaluated fpuality control
* ‘xx’ = 1: highest quality level
* ‘XX’ = 2: reduced quality
e ‘xx’ = 3: low quality. This sample should not beeds
The 'yy’ bits are coding the possible reasons éaluced or low quality sampling:
e ‘yy’ = 0: unknown
* 'yy’ = 1: possible external interference on a rgeeichannel or failure of a receiver
channel that is used in the retrieval of this paidu
e 'yy' = 2: LWP too high. At high rain rates the statng on rain drops can mask the
water vapour line completely and no humidity piafil or IWV determination is
possible. Also the temperature profiling may beeetd when the oxygen line
channels are all saturated due to droplets.
» ‘'yy’ = 3: free for future use.

® Status Flags
* Bit 1-7: status flags for channel 1 to 7 of thendity profiler receiver. When a bit is
set ‘1’, the corresponding channel is ok, othervieechannel has a malfunction.
* Bit 8: not used
* Bit 9-15: status flags for channel 1 to 7 of tmperature profiler receiver. When a
bit is set ‘1’, the corresponding channel is okewtvise the channel has a malfunction.
» Bit 16: not used
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Bit 17: rain flag. ‘1’ means raining, ‘0’ = no rain

Bit 18: dew blower speed status. ‘1’ = high speexttie; ‘0’ = low speed mode

Bit 19: BL-mode flag. ‘1’ = boundary layer scanniagtive, ‘0’ = BL-mode not active
Bit 20: ‘1’ = sky tipping calibration running, ‘G% not active

Bit 21: ‘1’ = gain calibration running (using inteal ambient target), ‘0’ = not active
Bit 22: ‘1’ = noise calibration running, ‘0’ = netctive

Bit 23: ‘1’ = noise diode of humidity profiler oK)’ = noise diode not working

Bit 24: ‘1’ = noise diode of temperature profildf, 00’ = noise diode not working

Bits 25,26: receiver 1 (humidity profiler) thernmsbility. ‘O’ = unknown, not enough
data samples recorded yet, ‘1’ = stability ok,=2hot sufficiently stable

Bits 27,28: receiver 2 (temperature profiler) thakmtability. ‘O’ = unknown, not
enough data samples recorded yet, ‘1’ = stabikty® = not sufficiently stable

Bit 29: power failure flag. ‘1’ = a power failureak occurred recently. When a new
MDF has been started automatically after a powitrrég the ‘1’ flag is kept for 1000
seconds and switching back to ‘0" afterwards. ‘GiG=power failure occurred.

Bit 30: ambient target stability: Some radiometarse using two ambient target
temperature sensors for monitoring the target'sspmay temperature. When the
temperature readings of these two sensors diffeantre than 0.3 K, the flag turns to
‘1. '0’ = sensors ok.

Bit 31: noise diode status: ‘0’ = noise diode inid off for the current sample, ‘1’ =
noise diode is turned on for the current sample.

A19: ABSCAL.HIS, Absolute Calibration History File

Variable Name | Type # Bytes Description
HISCode int 4 HIS-File Code (=39583209)
N int 4 Number of calibration entries
EntryLenl int 4 Length of entry #1 in bytes

Radiometer-ID1| int 4 1=TEMPRO, 2=HUMPRO, 3=HATPRO,
4=RPG-15-90, 5=LHATPRO, 6=RPG-150-90
7= RPG-36-90, 8=RPG-LWP, 9=RPG-LWP}
U90, 10 =RPG-DP150-90, 11=HALQRV,
12=HALO-183, 13=HALO-119-90

CallTypel int 4 Calibration type receiver 1, eny #1 (0: no
calibration, 1: Abs. Cal. With LN, 2:Skydip
calibration)

Cal2Typel int 4 Calibration type receiver 2, entry #1 (0: ng
calibration, 1: Abs. Cal. With LN, 2:Skydip
calibration)

T1 1 int 4 Time of calibration receiver 1, entry #1 (#of
sec. since 1.1.2001)

T2 1 int 4 Time of calibration receiver 2 , entry #1 (# o
sec. since 1.1.2001)

ATempl 1| float 4 Ambient temperature readeer 1, entry #1 [K]

ATemp2 1| float 4 Ambient temperature reageer 2, entry #1 [K]

P11 float 4 Barom. pressure receiver éntry #1 [mbar]

P2 1 float 4 Barom. pressure receiver éntry #1 [mbar]

HLTempl 1 | float 4 Hotload temp. receiver 1,rdry #1 [K]

- 166 -



RPG’s Atmospheric Remote Sensing Raditarse
PG

HLTemp2 1 | float 4 Hotload temp. receiver 2,rdry #1 [K]
CLTempl 1 | float 4 Coldload temp. receiver Jentry #1 [K]
CLTemp2 1 | float 4 Coldload temp. receiver Zntry #1 [K]
Spare[5] float 4x5 20 spare bytes, ent#l
NReclCh int 4 Number of receiver 1 chanie entry #1
ChF1[1... float | 4x NReclCh| Frequencies of receiver 1, entryl#
NReclCh]
NRec2Ch int 4 Number of receiver 2 chanie entry #1
ChF2[1... float | 4x NRec2Ch | Frequencies of receiver 2, entryl#
NRec2Ch]
int |4x(NRecl1ChH Calibration flags for all channels, entry #1
Calibratedl]] NRec2Ch) |(0=not calibrated, 1=calibrated)
Gainl[] float |4x(NRecl1lCh+ Receiver gains for all channels, entry #1 [V/K
NRec2Ch)
NoiseT1]] float| 4x(NRec1Ch+ Noise diode terperature for all channels,
NRec2Ch) |entry #1 [K]
TSysl[] float | 4Xx(NRec1Ch+H System noise temperature for all channels
NRec2Ch) |entry #1 [K]
Alphal]] float | 4x(NRec1Ch+ Non-linearity factors for all channels, entry
NRec2Ch) |#1
EntryLenN int 4 Length of entry #N in bytes
Radiometer-IDN | int 4 1=TEMPRO, 2=HUMPRO, 3=HATPRO,
4=RPG-15-90, 5=LHATPRO, 6=RPG-150-90
7= RPG-36-90, 8=RPG-LWP, 9=RPG-LWP}
U90, 10 =RPG-DP150-90, 11=HALQKV,
12=HALO-183, 13=HALO-119-90

CallTypeN int 4 Calibration type receiver 1, entry #N (0: ng
calibration, 1. Abs. Cal. With LN, 2:Skydip
calibration)

Cal2TypeN int 4 Calibration type receiver 2, entry #N (0: ng
calibration, 1. Abs. Cal. With LN, 2:Skydip
calibration)

T1 N int 4 Time of calibration receiver 1, entry #N (# o
sec. since 1.1.2001)
T2 N int 4 Time of calibration receiver 2 , entry #N (# o
sec. since 1.1.2001)
ATempl N| float 4 Ambient temperature receiver 1, entry #N [K
ATemp2 N| float 4 Ambient temperature receiver 2, entry #N [K
P1 N float 4 Barom. pressure receiver géntry #N [mbar]
P2 N float 4 Barom. pressure receiver gntry #N [mbar]
HLTempl N | float 4 Hotload temp. receiver 1,@ry #N [K]
HLTemp2 N | float 4 Hotload temp. receiver 2, @ry #N [K]
CLTempl N | float 4 Coldload temp. receiver lentry #N [K]
CLTemp2 N | float 4 Coldload temp. receiver Zntry #N [K]
Spare[5] float 4x5 20 spare bytes, entéN
NReclCh int 4 Number of receiver 1 chanig entry #N
ChF1J1... float| 4x NReclCh| Frequencies of rewwer 1, entry #N
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NReclCh]
NRec2Ch int 4 Number of receiver 2 chanig entry #N
ChF2[1... float | 4x NRec2Ch | Frequencies of receiver 2, entryN#
NRec2Ch]
int |4x(NRecl1Ch+H Calibration flags for all channels, entry #N
Calibratedl]] NRec2Ch) |(0=not calibrated, 1=calibrated)
GainN[] float | 4x(NRec1Ch+H Receiver gains for all channels, entry #]
NRec2Ch) |[V/K]
NoiseTN[] float | 4x(NRecl1lCh+H Noise diode temperature for all channeld
NRec2Ch) |entry #N [K]
TSysN[] float | 4x(NRecl1lCh+H System noise temperature for all channel
NRec2Ch) |entry #N [K]
AlphaN[] float |4x(NReclChH Non-linearity factors for all channels, entry
NRec2Ch) |#N

A20a: LVO-Files (*.LVO0), Level Zero (Detector Voltages) Files (old)

Variable Name | Type # Bytes Description
LVOCode int 4 LVO-File Code (=111111)
N int 4 Number of samples
MasterIDY) int 4 ID number of Master Radiometer
SlavelBY int 4 ID number of Slave Radiometer
TimeRef int 4 Time Reference (O=Local, 1=UTC)
FregNo int 4 Number of Frequencies
Freqs]] float | 4*FreqNo |Frequencies [GHZ]
Longitude float 4 GPS longitude (refer to FN (3), HKD-files)
Latitude float 4 GPS latitude (refer to FN (3), HKD-files)
Alpha[] ® float | 4*FreqNo [ Alpha calibration parameters
DelT[]® float | 4*FreqNo |DelT calibration Parameters [K]
T 1 int 4 Time of sample 1 (# of sec. since 1.1.200
ud 1f] float | 4*FreqNo |Detector Voltages [V] of samje 1
Elevation 1 float 4 Elevation Angle [°] of sample 1
Azimuth 1 float 4 Azimuth Angle [°] of sample 1
MaTambient 1 | float 4 Black Body Temperature [K] of Master
radiometer, sample 1
MaDigFlags_1 int 4 Dgital Flags of Master radiometer, sample 1
refer to EN (5) of HKD-files
SlTambient_ 1 | float 4 Black Body Temperature [K] of Slave
radiometer, sample 1 (only if SlavelD# 0)
SIDigFlags_1 int 4 Digital Flags of Slave radiometer, sample 1
refer to FN (5) of HKD-files (only if SlavelD #
0)
G 1]] float | 4*FreqNo |Gain calibration parameters [V/K], sample 1
Tsys 1] float | 4*FreqNo | System Noise Temperature calibration
parameters Tsys [K], sample 1
Tn_1]] float | 4*FreqNo |Noise Diode Temperature calibratior]

parameters Tn [K], sample 1
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Tenv 1 float 4 Environmental Temperature [K] of sanple 1
P 1 float 4 Barometric Pressure [mbar] of sample 1
RH 1 float 4 Relative Humidity [%] of sample 1
IRT 1 float 4 Infrared Radiometer Temperature [°C] of
sample 1
T N int 4 Time of sample N (# of sec. since 1.1.200
Ud_ NI[] float | 4*FreqNo |Detector Voltages [V] of samje N
Elevation N float 4 Elevation Angle [°] of sample N
Azimuth N float 4 Azimuth Angle [°] of sample N
MaTambient_N | float 4 Black Body Temperature [K] of Master
radiometer, sample N
MaDigFlags N int 4 Digital Flags of Master radiomeer, sampleN,
refer to FN (5) of HKD-files
SITambient N | float 4 Black Body Temperature [K] of Slave
radiometer, sample N (only if SlavelD# 0)
SIDigFlags_N int 4 Digital Flags of Slave radiometer, sample N
refer to FN (5) of HKD-files (only if SlavelD #
0)
G N[ float | 4*FregNo |Gain calibration parameters [V/K], sample N
Tsys_N[] float | 4*FregNo |System Noise @mperature calibration
parameters Tsys [K], sample N
Tn_N[] float | 4*FreqNo |Noise Diode Temperature calibration
parameters Tn [K], sample N
Tenv N float 4 Environmental Temperature [K] of sanple N
P N float 4 Barometric Pressure [mbar] of sample N
RH N float 4 Relative Humidity [%] of sample N
IRT_N float 4 Infrared Radiometer Temperature [°C] of

sample N

A20b: LVO-Files (*.LVO0), Level Zero (Detector Voltages) Files (new)

Variable Name | Type # Bytes Description
LVOCode int 4 LVO-File Code (=111112)
N int 4 Number of samples
Master|D' int 4 ID number of Master Radiometer
SlavelD" int 4 ID number of Slave Radiometer
TimeRef int 4 Time Reference (O=Local, 1=UTC)
FregNo int 4 Number of Frequencies
Fregs|] float | 4*FregNo |Frequencies [GHZ]
IRFregNo int 4 Number of IRRs
IRRWLSJ] float |4*IRFreqNo JRR wavelengths [um]
Longitude float 4 GPS longitude (refer to FN (3), HKD-files)
Latitude float 4 GPS latitude (refer to FN (3), HKD-files)
Alpha[] ® float | 4*FreqNo [ Alpha calibration parameters
DelT[]® float | 4*FreqNo |DelT calibration Parameters [K]
T 1 int 4 Time of sample 1 (# of sec. since 1.1.200
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ud 1f] float | 4*FreqNo |Detector Voltages [V] of samje 1
Elevation 1 float 4 Elevation Angle [°] of sample 1
Azimuth 1 float 4 Azimuth Angle [°] of sample 1
MaTambient 1 | float 4 Black Body Temperature [K] of Master
radiometer, sample 1
MaDigFlags_1 int 4 Digital Flags of Master radiometer, sample 1
refer to FN (5) of HKD-files
SlTambient_ 1 | float 4 Black Body Temperatue [K] of Slave
radiometer, sample 1 (only if SlavelD# 0)
SIDigFlags_1 int 4 Digital Flags of Slave radiometer, sample 1
refer to FN (5) of HKD-files (only if SlavelD #
0)
G 1] float | 4*FreqNo |Gain calibration parameters [V/K], sample 1
Tsys_1]] float 4*FregNo |System Noise Temperature calibration
parameters Tsys [K], sample 1
Tn_1]] float | 4*FreqNo |Noise Diode Temperature calibratior]
parameters Tn [K], sample 1
Tenv 1 float 4 Environmental Temperature [K] of sanple 1
P 1 float 4 Barometric Pressure [mbar] of sample 1
RH 1 float 4 Relative Humidity [%] of sample 1
IRT[_1 float | 4*IRFregNo |Infrared Radiometer Temperatures [°C] of
sample 1
T N int 4 Time of sample N (# of sec. since 1.1.200
Ud_ NI[] float | 4*FreqNo |Detector Voltages [V] of samje N
Elevation N float 4 Elevation Angle [°] of sample N
Azimuth N float 4 Azimuth Angle [°] of sample N
MaTambient_N | float 4 Black Body Temperature [K] of Master
radiometer, sample N
MaDigFlags N int 4 Digital Flagsof Master radiometer, sample N
refer to FN (5) of HKD-files
SITambient N | float 4 Black Body Temperature [K] of Slave
radiometer, sample N (only if SlavelD# 0)
SIDigFlags_N int 4 Digital Flags of Slave radiometer, sample N
refer to FN (5) of HKD-files (only if SlavelD #
0)
G NJ] float | 4*FreqNo |Gain calibration parameters [V/K], sample N
Tsys _N[] float 4*FreqNo | System Noise Temperature calibration
parameters Tsys [K], sample N
Tn_N[] float | 4*FreqNo |Noise Diode Temperature calibration
parameters Tn [K], sample N
Tenv N float 4 Environmental Temperature [K] of sanple N
P N float 4 Barometric Pressure [mbar] of sample N
RH N float 4 Relative Humidity [%] of sample N
IRT[]_N float | 4*IRFreqNo |Infrared Radiometer Temperatures [°C] of

sample N

@D number codingd=no rad., 1=RPG-TEMPRO, 2=RPG-HUMPRO, 3=RPG-HATPR
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4=RPG-15-90, 5=RPR-LHUMPRO, 6=RPG-150-90, 7=RP®36-
8=RPG-DP150-90

@) Alpha Parameter: Non-Linearity Parameter for radiometer which ao¢operated in Full-
Dicke Switching mode (Dicke Switching + Noise Swiittg) like RPG-
TEMPRO, RPG-HUMPRO, RPG-HATPRO, RPG-LHUMPRO, RPG-
36-90, RPG-DP150-90
Dicke Switch Leakage for radiometers that are dpdran Full-Dicke
Switching mode (Dicke Switching + Noise Switchidie RPG-150-
90, RPG-15-90 and RPG-HATPRO-U

®) DelT Parameter: Difference between radiometric 43) and physical (dsp Dicke
Switch temperature: DelT = p§; - Tpsp only relevant for Full Dicke
Switching radiometers

Notes on Calibrations

Relation between detector voltagds and scene temperatures.k

Ug = G ( Tyys+ Tsc )P, for radiometers withoutull Dicke Switching Mode (Type 1)
Udg = G (Tsys+ Tsc ), for radiometers witlfrull Dicke Switching Mode (Type 2)

System Noise Temperatureyf, Noise Diode Temply and Gain G:

Absolute Calibrations (Hot / Colditetector voltages on black body target (tempeeaiyr=
Tamp): Un , cold target (LN or Skydip, temperaturg)TUc :

Y = (Up/ Uc )PP Toe= (T =Y * TO)I(Y - 1), 0.95 < Alpha<=1 (sec. 4.1.3.1), Byp
Y=(Ua/Uc), Tsys=(Tu=-Y*To)/(Y-1), Type2

G = Ui/ (Toys*+ Tw)™™™, Type 1

G=Uy/ (Tsys+ Th), Type 2

On black body target ¢y, noise diode turned off: |J, noise diode turned on:\
Tn = (Usn/ GYAPM - Toos- Tamn , Type 1

Tn=Un-Un) /G, Type2

Type 2 only: Dicke Switch (DS) ON, radiometer poigtto amb. temp. target:

DelT = Ups/ G — Tsys - Tosp

Dicke Switch (DS) leakage (Type 2 only): DS ON,ioaxeter pointing to cold target:
Alpha = (TDSp + DelT - (Lbs/ G- Tsys)) / (TDSp + DelT - Tc)

If a liquid nitrogen cooled target is used, thddaing correction has to be applied:

Tc [K]= 77.36 -8.2507e-3*(1013.25- P) + 1.9, P inanbl1.9 K is correction for surface
reflection on LN (n = 1.2)

Continuous full calibration on scene (Type 2 onfhise Diode turned off: Iy , noise diode
turned on: Uy , radiometers looking on scene temperatugg Dicke switch turned ON
(blocking scene), physical Dicke switch temperailyg;

G=(Un-Un)/Tn, Tsys=Un/ G — (Tosp + DelT — Alpha * (bsp - Tsg), Alpha= DS
leakage (determined in absolute calibration)
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Continuous noise switching on scene (Type 1 omlg)se diode turned off: i, noise diode
turned on: Uy (10 Hz), radiometers pointing to scene (tempeealyy):

D= Ui/ Un)"™P— 1, Te= (TN-D*Tyd /D , G =Uy/ (Tys+ Ts) "™
Calibration on ambient temp. black body targetf Tsys= (Ua / G)*AP" - Ty
Type 1, no noise switching:

gain calibration on ambient temp. targef: G = Ui/ (Teys + Tamp) P
noise calibration on ambient temp. targef.{J:
D — (U+N/ U_N)l/Alpha_ 1 , 'l;ysz (TN — D * Tamk) / D , G = UN / (TSys+ Tamt) Alpha

A21: BUFR (Version 3.0) File Format

The host software is capable of data file transédroms from binary (Appendix A1-A20) to
ASCII (see Appendix B), netCDF and BUFR. While nefCis a real self-explaining format
(and therefore does not require any further infdiomafor decoding), BUFR is a descriptor
table based format which requires the definitiohogctl descriptors (user defined) in the case
that certain data items in the file are not listethe WMO Table B.

The local descriptors used in the host softwarsigarare listed in Table A21.1. In order to
fulfil the BUFR regulations, these special descniptare preceded by the data description
operator 2 06 YYY, where YYY is the length of tlezél described data element in bits. E.g.
the section 3 entry of a BUFR message for an athegpattenuation sample (refer to table
A21.1), which is represented by a local descriptanild be 2 06 016 0 21 193 (or in hex: 86
10 15 C1). The 2 06 016 operator allows a BUFR decgoftware, which has no access to
the information in Table A21.1, to skip the samiplehe data section 4, because the operator
contains its length of 16 bits.

FIX]Y Name Unit | Scale|] Reference| Data Width
[Bits]

0 | 14 | 192 IR radiometer wavelength m 7 0 8

0 | 14 | 193 microwave frequency Hz -7 0 16

0 | 21| 192 cloud liquid content kg/h| 6 0 16

0 | 21 | 193 atmospheric attenuation dB 2 -10000 16

Table A21.1: Host software local descriptors.

The host software changes the data width of all WNi&ble B entries, which are not
compatible with an integer number of a full byteq@816 bits). E.g. the data width of the
‘MWR water vapour content’ (this is the IWV) 0 13® from 14 bits (Table B) to 16 bits.
This is more efficient for programming and decodighe data segment. Nowadays, extreme
bit saving is not an issue anymore and additionisl, leven if not used, can improve the
readability of the data segment significantly.

All data files contain a 32 character ‘Station Na@e® the first entry in the data section 4
(descriptor 0 01 19). This name is taken from th@ation Name’ entry of thBefine Local
Settingsmenu (see section 5.18). Also the time referesakefined in all files (descriptors O
08 025 0 26 003).

Each data item (single value or profile) is precktg a date / time and rain flag (RF). This
block of information is defined by the following steiptors:
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0 04 001 Year (12 bit)

0 04 002 Month (4 bits)

201127 004003 201000 Day (reduced from B bits)
0 04 004 Hour (5 bits)

0 04 005 Minutes (6 bits)

0 04 006 Seconds (6 bits)

020 029 Rain Flag (2 bits code table)

This sums up to a total of 40 bits = 5 bytes.

The general rule is that all data lists of singéegmeters (like frequency lists, altitude lists,
temperature profile, humidity profile, etc.) areded by simple replication descriptors, e.qg.:

101 xxx 010002 : a list of xxx altitudesgien profile BUFR files)
101xxx 012101: a list of xxx dry-bulb temaeres (a temp.
profile)

102 xxx 206016 021192 a list of xxx atmaspd attenuations (local

descriptor)
103 xxx 201129 013003 201000 a list ok xel. humidity values (data width
extended from 7 to 8 bits)

For the replication of blocks of parameters in tla¢a section 4, the ‘Delayed Replication’
mechanism is used:
Example of an absolute humidity data set replicatio

115000 031002 delayed replication of 15 dpsms (16 bit
replication factor in data section)

0 04 001 Year (12 bit)

0 04 002 Month (4 bits)

201127 004 003 201000 Day (reduced fram % bits)

004 004 Hour (5 bits)

0 04 005 Minutes (6 bits)

0 04 006 Seconds (6 bits)

0 20 029 Rain Flag (2 bits code table)

105039 39 replications of the next 5 desorgpt

201137 data width extended by 9 bits (from 76p 1

202130 scale extended by 2 bits (from 3 to 5)

0 13 005 vapour density in kg/m”"3

2 02 000 201000 back to Table B settings

This delayed replication (16 bit number given ictsm 4) is representing the collection of
data samples in the file. The ‘Number of Data Stdse bytes 5-7 of section 3 is not used
for this replication (and therefore set to 1), hessathis would replicate ALL descriptors of
the section and not only a part of it. But the ddéastructure required here consists of a data
header (e.g. station name, time reference, listltdfides in a profile) which should not be
repeated, followed by a repeated (the number opkashblock of descriptors defining each
data sample (e.g. time, RF, profile of water vapbensity (list), observation angles).

In all profile BUFR messages, the sequence of itemthe altitude list corresponds to the
sequence of items in the repeated data list. E.the example above, the HPC.BUF file has a
list of altitudes in the data header and repeastsl bf water vapour densitiy. The first altitude
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in the header list refers to the first vapour dgndata item in the repeated list. The altitude
layers are constant throughout the whole data rsetd@ not have to be repeated for each
sample. This is why they are stored in the dataéreaf section 4.

For more details about the coding of BUFR messggease refer to WMO’s FM 94 BUFR
‘Guide to WMO Table Driven Code Forms’, availabterh the WMO website’s download

area.
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Appendix B (ASCII File Formats)

Fig.B1 shows an example of an ASCII data file dtrcee (LWP). All ASCII files start with a
header giving information about the number of samph the file, Minimum and Maximum
values of the measured or retrieved quantitieséating purposes, the time reference (UTC
or local time) and the type of retrieval if any0inear regression, 1 = quadratic regression, 2
= neural network). Comments are preceded by ‘#'.

Each sample line starts with the date and time £Y¥ear, Mo = Month, Da = Day, Ho =
Hour, Mi = Minute, Se = Second) this sample wassuezd followed by the rain flag (0 = no
rain, 1 = raining). All data columns are separdigd,’ from each other. Each line ends with
CRILF.

E 050409.lwp.ASC - Editor

Datei Bearbeiten Format  Ansicht 2

# LwP File ~
7177 # Mumber of samples ;
-55.86  # Minimum LwP in File

G605, 3 # Maximum LwP in File

ik # Time Reference (1=UTC, O=Locall
[1 # Retrieval Algorithm (0=LR, 1=QR, 2=NN]

#Ye , Mo, Da, Ho , Mi , Se , Rain Flag , LwP [g/mAZ]

o5 , 04 , 09, 04 , 00, 001 , O, -23.6

0s , 04 , 09 , 04 , OO0, 02 , O, -22.8

os , o4 , 08, 04 , 00, 04 , 0, =-22.8

o5 , o4 , 09 , 04 , Q0 , 05 , 0, -Z2F7.5

05 , 04 , 09 , 04 , OO, 06 , O , -25.8

o5 , 04 , 0% , 04 , 00, OB , O, -18.9

05 . 04 , 0% , 04 , 00, 02, 0, -21.3

os , o4 , 09, 04 , 00O, 11 , 0O, -Z6.2

o5 , 04 , 09, 04 , Q0 , 12 , 0, =21.2

0s , 04 , 09 , 04 , 00 , 13 , O, -26.8

o5 , o4 , 0%, 04 , 00, 15 , 0, =-20.86

o5 , 04 , 0%, 04 , 00, 16 , 0, -17.8

05 , 04 , 09 , 04 , OO, 18 , O, -31.9

o5 , 04 , 0% , 04 , 00, 1% , 0, =-25.1

o , 04 , 0%, 04 , 00, 21, 0, -22.9

os , o4 , 09, 04 , Q0O , 22, 0, -Z6.3

o5 , 04 , 09, 04 , 00, 23 , 0, -23.3

0s , 04 , 09 , 04 , OO0, 25 , O, -28.7

os , o4 , 0%, 04 , Q0O , 26, 0, -26.3

o5 , 04 , 09 , 04 , Q0 , 268, 0, -19.5

05 , 04 , 09 , 04 , OO, 29 , O, -32.0

o5 , 04 , 0% , 04 , 00, 31 , 0, =21.0

o5 , 04 , 0%, 04 , 00, 32, 0, -27.1 3
- .|

Fig.B1: LWP ASCII data file structure.

Fig.B2 is an example of a temperature profile ASf3d. The header contains additional
information about the number of altitude levels &mel altitudes in m. The altitude levels are
designated with H1, H2, ... The data lines areqaesece of temperature values corresponding
to these levels.
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P 050429.TPC.ASC - Editor

Datei Bearbeiten Format Ansicht 7

# TPC File FS
841  # Mumber of samples ;
235.6  # minimum Temperature in File

301.8  # Maximum Temperature in File

9] # Time Reference (1=uUTC, 0O=Local)

0 # Retriewval algorithm (0=LR, 1=0R, 2=NN]

36 # Mumber of ATtitude Levels

0, 50, 1loo, 150, 200, 250, 325, 400, 475, 550, 625, 700, 800, 500, 1000, 1150, 1300, 1450, 1600, 180
#ve , Mo, Da , Ho , M , Se , Rain Flag , T¢H1) [K] , TC(H2) [K] , ... ., TCHnD [K]

05 , 04 , 29, 00, 001 , 24 , 0, 299.4 , 298.9 , 29B.4 , Z29B.2 , 297.9 , 297.7 , 297.4 , 297.1 , 29
05 , 04 , 29, 0o, 02 , 48 , 0 , 299.2 , 298.6 , 298.1 , 297.9 , 297.5 , 297.3 , 297.0 , 296.8 , 29
05 , ¢4 , 20, 00, 07 , 41 , O, 205.4 , 295.0 , 208.5 , 298.2 , 297.9 , 297.6 , 297.3 , 207.0 , 29
o5 , 04 , 29 , 00, 09 , O , O, 299.3 , 299.0 , 298.5 , 298.2 , 297.9 , 297.6 , 297.3 , 297.0 , 29
05 , 04 , 29, 00 , 10, 29, 0, 299.2 , 299.0 , 298.6 , 298B.3 , 29B.0 , 297.7 , 29¥.4 , 207.0 , 29
05 , 04 , 29 , 00, 11 , 54 , 0O, 299.4 , 299.3 , 298.9 , 295.5 , 298.2 , 297.9 , 297.6 , 297.2 , 29
05 , 04 , 29 , 00 , 13, 18 , O, 299.1 , 298.9 , 298.5 , 298.2 , 297.9 , 297.7 , 297.4 , 207.1 , 29
o5 , 04 , 29, 00, 15 , 23, 0, 299.1 , 298.9 , 298.5 , 298.2 , 297.9 , 297.6 , 297.3 , 297.0 , 29
05 , 04 , 29, 00 , 15 , 47 , O, 299.2 , 298.9 , 298.5 , 298.2 , 297.9 , 297.6 , 297.2 , 295.9 , 29
05 , 04 , 20 , 00, 18 . 11 , 0, 299.2 , 299.0 , 298.6 , 298.2 , 297.9 ., 297.6 , 297.3 ., 296.9 , 29
05 , ¢4 , 29, 00, 15, 35, O, 299.1 , 295.0 , 298.6 , 298.3 , 298.0 , 297.7 , 297.4 , 297.0 , 29
05 , 04 , 29 , OO, 20 , 59 , 0 , 299.0 , 298.9 , 298.5 , 298.2 , 297.9 , 297.6 , 297.3 , 297.0 , 29
05 , 04 , 29 , 00, 22 , 23, 0, 299.2 , 299.0 , 298.5 , 298.2 , 297.9 , 297.6 , 297.3 , 296.% , 29
05 , 04 , 29, 00, 24 , 27, 0, 299.3 , 209.0 , 298B.6 , Z29B.3 , Z298.0 , 297.7 , 297.4 , 297.0 , 29
05 , 04 , 29 , 0o, 25 , 51, O, 299.3 , 299.0 , 298.5 , 298.3 , 297.9 , 297.7 , 297.3 , 297.0 , 29
05 , ¢4 , 206, 00, 30, 45, 0, 265,33 , 295.1 , 298.7 , 298.4 , 298.1 , 297.8 , 297.5 , 2067.1 , 29
05 , 04 , 20 , 00, 32 , 50 , 0, 299.3 , 299.3 , 298.9 , 298.6 , 298.3 , 298.0 , 297.7 , 297.3 , 29
05 , 04 , 20 , 00 , 34 , 14 , 0, 205.3 , 299.2 , 298.8 , 298.4 , 298.1 , 297.9 , 29¥.5 , 207.2 , 29
05 , 04 , 29, 0O, 35, 39, 0, 299.4 , 299.3 , 298.9 , 298.6 , 298.3 , 298.0 , 297.7 , 297.4 , 29
05 , ¢4 , 29, 00, 37, 03 , 0, 200.5 , 299.6 , 299.2 , 298B.9 , 29B8B.6 , 298.3 , 298.0 , 207.5 , 29
05 , 04 , 29,00, 38, 27,0, 29.7, 299.7 , 299.3 , 299.0 , 298.7 , 298.4 , 298.1 , 297.7 , 29 g
< >

Fig.B2: TPC profile ASCII data file structure.

The brightness temperature data file in Fig.B3 digscthe frequency list in the header
instead of altitudes. The data lines list the kngls temperatures related to these frequencies
and end with the observation elevation angle ferdgample.

B 050429.0LC.ASC - Editor

Datei Bearbeiten Format  Ansicht - 2

# OLC File ~

50427 # Mumber of sSamples

130.6  # Minimum Brightness Temp. in File

302.5  # Maximum Brightness Temp. in File

4] # Time Reference (1=UTC, O=Local]|

7 # Mumber of Freguencies

51.26 , 52.28 , 53.86 , 54.04 56.66 , 57.30 , 58.00 # Freguencies

# ¥e , Mo , Da , Ho , M , Se Rain Flag , BTCF1) [ BTCF2) [K]
295,21

K] , BTCFRn) , Ang [DEG]
, 262.62 , 272.65 , 200.41 97 297.35

05, 04 , 29, 00, 00, 0L, O , y y , 297.45 , 297.55 , , 90,00
05 , 04 , 29, 00, 0O, 02, 0, 261.91 , 270.95 , 289.81 , 295.22 , 297.21 , 297.40 , 297.43 , 90.00
05, 04 , 29, 00, 00, 03, 0, 262.06 , 271,77 , 290.60 , 296.33 , Z97.87 , 298.02 , 297.72 , 90.00
05, 04 , 29, 00, 00, 04 , O, 262.153 , 269,88 , 289.40 , 295.37 , 296,84 , 297.47 , 297.58 , 90,00
05, 04 , 29, 00, 00, 06, 0, 260.63 , 269.02 , 289.88 , 295.34 , 297.99 , 298,70 , 298.46 , 90.00
05 , 04 , 29, 00, 0O, OF , O, 260.11 , 269.14 , 289.59 , 295.04 , 297.64 , 297.8%9 , 297.15 , 90.00
05, 04 , 29, 00, 0O, 09, 0, 262.02 , 268.99 , 290.40 , 295.66 , Z98.06 , 297.42 , 297.76 , 90.00
05, 04 , 29, 00, 00, 10, 0, 260.34 , 272,79, 290.16 , 296.21 , Z98.05 , 297.81 , 297.25 , 90.00
05 , 04 , 29, 00, 0O, 12, 0, 260.64 , 265.77 , 291.06 , 295.45 , Z98.1¢ , 298.41 , 297.92 , 90.00
05 , 04 , 29, 00, 00O, 13, 0, 260.05 , 269.64 , 290.08 , 295.38 , 298.11 , 298.38 , 297.38 , 90.00
05, 04 , 29, 00, 00, 14 , 0, 259.72 , 268.9%2 , 287.61 , 295.92 , Z97.06 , 297.48 , 297.55 , 90.00
05, 04 , 29, 00, 00, 153, 0, 258.74 , 270.653 , 289.71 , 295.72 , Z98.38 , 298,00 , 297.96 , 90,00
05, 04 , 29, 00, 00, 18, 0, 258.92 , 269.13 , 290.6%9 , 295.18 , Z97.04 , 297.88 , 297.65 , 90.00
05 , 04 , 29, 00 , 00, 159, 0, 258.87 , 267.83 , 291.08 , 296.20 , 297.91 , 297.76 , 297.87 , 90.00
05, 04 , 29, 00, 0O, 20, 0, 258.25 , 266.92 , 288.93 , 295.39 , 296.42 , 297.37 , 297.08 , 90.00

Fig.B3: OLC brightness temperature ASCII data filgructure.

Fig.B4 is an example for a meteorological surfageser data file (MET). Here the header
lists minimum and maximum values for each sengoe.ty

In Fig.B5 the file contains both the absolute agldtive humidity chart. The latter is preceded
by the minimum and maximum relative humidity valireshe appended chart.
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B 050429.MET.ASC - Editor

Datei Bearbeiten Format  Ansicht - 2

# MET File ~
A3687  # nNumber of samples =
Go9, 8 # Minimum Pressure value in File [mbar]
1003.8 # Maximum Pressure value in File [mhar]
207.2 # Minimum Temperature value in File [K]
303.1 # Maximum Temperature value in File [k]
70.6 # Minimum Rel. Humidity walue in File [%]
G3.2 # Maximum Rel. Humidity in File [%]

[u] # Time Reference (1?UTC, O=Local)

#¥e , Mo, Da, Ho, M1, Se, Rain Flag , P [mbar] , 7 [K] . H [%]
a5 , 04, 29, 00, 0O, 0O, O, 1003.2 , 300.3 , 92.1
o5 , 94 , 29, 0O, 0O, 01, O, 1003.2 , 300.3 , 092.1
a5 , 94 , 29, 00, 0O, 02, 0, 1003.2 , 300.3 , 92.1
o5 , 04 , 29, 00, 00, 03 , O, 1003.2 , 300.3 , 92.1
a5 , 04, 29, 00, 00, 05 , O, 1003.2 , 300.3 , 9Z.2
a5 , 04 , 29, 00, 00, 05 , O, 1003.2 , 300.3 , 09Z.2
o5 , 04 , 20, QO , 0O, OF , O, 1003.1 , 300.3 , 09Z.2
a5 , 04 , 29, 00, 00, 09, O, 1003.2 , 300.3 , 9Z.2
a5 , 04 , 29, 00 , 00, 11 , O, 1003.2 , 300.3 , 92.2
a5 , 04 , 29, 0O, 0O, 12, O, 1003.2 , 300.3 , 92.2
o5 , 04 , 29, 0O, 0O, 13, O, 1003.2 , 300.3 , 92.2
o5 , 04 , 29, 00, 00, 14 , O, 1003.1 , 300.3 , 92.2
0F ;84 5 29 5 00 3 00 e 5 0 L0032 D 30003 5 9203

Fig.B4: MET meteorological sensor ASCII data fildrsicture.

E 05043021.HPC.ASC - Editor

Datei Bearbeiten Format  Ansicht 2

# HPC File ”~

21 # number of samples =
0.3 g/mA3 # Mindmum absolute Humidity in Filg

13.3 g/mA3 # Maximum absolute Humidity in File

4] # Time Reference (1=UTC, O=Local)

1 # Retriewval Algorithm (0=LR, 1=0R, 2=HNHK)

36  # Number of ATtitude Levels

O, 50, 100, 150, 200, 250, 325, 400, 475, 550, 825, ¥FO00, 800, 900, 1000, 1150, 1300, 1450, 1600, 1800, 20(

# ¥e , Mo, Da , Ho , Mi , sSe Rain Flag , H{HLD [g/mA3] , HOHZD [g/maA3] , ... , HEHAD [g/ma3]

Q. o. : i i s

05 , 04 , 30, 21, 29, 06, O, 008 l0iE T, Z 8 9.6, 92, 8.7, gl ¢ B ¢
05 , 04, 30, 21, 30, 30, C, 9.5, 1o.1, 9.6 , 9.6 , 9.5, oL 2.6, 2.0, 2ot g
05 , 04, 30, 21, 31, 4, O, 9.7 , 1o.3, 9.8, 5.8, 9.7, 0.3 , 2.9, 8.2, e
05 , 04 , 30, 21, 33, 1%, €, DIE ¢ GOl i 88 9.7, o 858 813 2.0,
05 , 04, 30, 21, 34, 43, 0, 9.8, 1lo.5, 10.0, 21lo.0, 9.8, 9.5 9.0, 2.4, 2.1,
05 , 04, 30, 21, 36, 07, 0, 057 & oLoud g 95 ; 958 ; 9.7, e 850 ; 8.2, ol g
05 , 04, 30, 21, 37, 31, 0, 9.7 ., 1lo.4 , 10.0, 6.9, 9.8, 9.4, 9.0, 2.4, 2.1,
05 . 94 , 30 . 2L &2 .. 27 .. 0, 5.7 . 1o, 8.5, 8.8 , 9.7, 9.4, 8.2 , 8,3 , 2.0,
05 , 04, 30, 21, 43, 51, ¢, OUE & loiE 9.8, 9.8, 9.7, 9vE 8.9 | 8.2, o
05 , 04, 30, 21, 45, 15, 0, 9.7 , 1lo.3, 9.8, 9.7 § 9.6, OuF | 2.8, 2.1, 7.8,
oy , 04,30, 21,46, 33, 0, 9.6, 10.3, ©9.8, 9.7, 9§, 9.3, 88, 81, 7.8,
gs , 04 , 30, 21 ,48 , 03,0, 9.5, 10.1, ©.6, 9.5, @4, 9.0, 85§, 7.9, 7.5,
0 , 04 , 30, 21,49 , 27,0, 9.7, 10.2, 9.7, 9.8, 95, 9.2, 8F, 80, 7.7,
g5 , 04 , 30, 21,50, 52,0, o7, 10.3, ©.8, 9.7, o9&, 9.3, 88, 81, 7.8,
os , 04 , 30, 21, 5% ,15, 0, 9.7, 10.3, ©.8, 9.8, 97, 9.3, 8, 82, 7.9,
oy , 04,30, 21, 5 ,40, 0, 9.7, 10.3, ©9.8, 9.8, 997, 9.3, 88, 8.2, 7.8,
05 , 04 , 30, 21, 55, 04,0, 9.7, 10.3, ©.8, 9.8, 97, 9.3, 8.8, 82, 7.8,
0 , 04 , 30, 21, 5 , 28,0, 9.7, 10.4, ©.8, 9.8, 97, 9.3, 88, 82, 7.8,
oy , 04,30, 21, 5, 5%, 0, 9.7, 10,4, ©9.9, 9.9, 98§, 9.4, 89, 8§83, 7.9,
gs , 04 , 30,21 ,5%9 ,17 , 0, 9.7, 10.4, ©.9, 9.9, o8, 9.4, 8@, 83, 7.9,
0 , 04 , 30,21, 5% , 5,0, 9.8, 10.6, 10.0, 10.0, 99, 9.5, 9.1, &4, 3.1,
39.5%  # Minimum relative Humidity in File
umidity in File

,
,
'
,
'
[
,
s
,
,
,
,
,
s
,
,
,
,
,
,
H

100, 0%  # Maximum relative H
a
'
'
'
'
'
'
'
.
'

#%¥e , Mo, Da , Ho , M1, Se , Rain Flag , H{HLD [%] , HCHZD [%] . ... , HCHA) [%]

05 , 04 , 30, 21, 29, 06, O, 45.7 ., 49.7 , 48.5 , 45.3, 49.7 , 48.7 , 46.9 , 43.9 , 41.8 ,
05 , 04 , 30,21, 30,30, 0, 45.4 ., 49.0, 47.9, 48.6 , 491, 481 , 46.4 , 43.4 , 41.4 ,
0o , 04,30, 21, 31, %4, 0, 46.4, 50.2, 49.0, 49.9, 50.4 , 49.4 , 47.8 , 45.0, 42.9 ,
0o , 04,30, 71, 33,18, 0, 46.5, 5S0.9, 49.7 , 50.5, 5L.0, 50.0 , 48.3 , 45.4 , 43.3 ,
0oy , 04,30, 721, 34,43, 0, 46,8, 51.5, 5§0.3, 5§1.2, 5L.7, 50.7, 49.1 , 46.3 , 44.3 ,
05 , 04 , 30, 721, 36, 07, 0, 46.6, 50.8, 49.6 , 50.4 , 50.8, 49.7 , 48.1 , 45.2 , 43.1 ,
0oy , 04,30, 71, 37,3 ,0, 46,7, 51.3, 50.2, 5L.0, 5L.5, 50.4 , 48.8, 45.9, 43.8 ,
0 , 04 , 30, 21, 42 , 27, 0, 46,9, 50.9, 49.8 , 50.7, 5§l.2, 50.2 , 48.6, 45.7 , 43.6 ,
0 , 04 , 30, 721, 43, 51, 0, 46,1, 50.4 , 49.2 , 50.1, 50.6, 49.5, 48.0, 45.1 , 43.0,
a5 , 04 , 30, 21 , 45 , 15 g, 4.1, 50.0, 48.8 , 46.7 , 50.2 , 49,1, 47.5 , 44.6 , 42.8
a5 , 04 , 30, 21 , 46 , 59 o, 46.2 , 50.4 , 49.2 , 50.0 , 50.5 , 49.4 , 47,8, 44.9 , 42.8
a5 , 04 , 30, 21 , 48 , 03 g, 46.2 , 49,8, 48.6 , 45.3 , 49,7 , 48,4, 46.7 , 43.7 , 41.5
a5 , 04 , 30, 21 , 49 , 27 o, 46.3 , 459.9 ., 48.7 , 45.86 , 50.0 , 48.9, 47.1, 44.1 , 42.0
a5 , o4 , 30, 21, 50, 52 o, 46.5 , 50.4 , 49.1 , 50.0 , S0.4 , 49,3, 47.F7 , 44.7 , 42.8
a5 , 04 , 30, 21, 52 , 18 o, 46.5 , 50.5 , 49.3 , 50.3 , 50.8 , 49,8 , 4B.3 , 45.4 , 43.4 ,
o5 , 04 , 30, 21, 53 , 40 o, 46.1 , 50.2, 49.0 , 50.0 , 50.4 , 49,3, 47.7 , 44.8 , 42.8
a5, 04, 30, 21, 55, 04 o, 47,0, 51.2 , 49.9 , 50.9 , 51.3 , 50.1, 48.4 , 45.4 , 43.2
a5 , 04 , 30, 21, 56 , 28 g, 46.8 , 51.1 , 49.8 , 50.7 51.1 , 50.0, 48.2 , 45.3 , 43.1 ,
a5 , 94 , 30, 21 , 5F¥ , 52 o, 46.9% , 51.7 , 50.4 , 51.4 , 51.8 , 50.7 , 49.0, 46.0 , 43.8
o5 , 94 , 30, 21 , 59 , 17 g, d46.6 , 51.0, 49.7 , 50.7 hECE o BEEE w pd8oE o odEiB ¢ 30T o=
o5 , 04 , 30, 21, 59 , 58 o, 47.0, 52.2 , 450.9 , 52.0 , 52.4 , 51.4 , 49.8 , 456.9 , 44.46 , 3
£ =

Fig.B5: HPC humidity profile ASCII data file struatre with appended relative humidity
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E 050624_28.STA.ASC - Editor

Datei Bearbeiten Format Ansicht 2

# stability Indices File B
3476  # number of samples ;
-463.9 # Minimum Index in File

107.0 # Maximum Index in File

1 # LI Flag tl=availahle, 0=not awvailable)

1 # KOI Flag (l=available, 0O=not awvailable)

1 # TTI Flag (l=available, 0=not awvailable)

1 # KI Flag (l=availahle, O=not available)

0 # s5I FTa? ({l=availahle, 0=not awvailakle)

0 # CAPE Flag (l=available, O0=not awvailable)

o] # Time rReference (1=UTC, O=Local)

# e , Mo, Da , Ho , mi , Se , Rain Flag , LI [K] , oI [K] , TTI [K] , KI [K]
oy , 0o, 24 , 00, Q01 , 19 , O, 0.1, -=4.0, 44.7 , 26.7
oy , g, 24 , 00, Q2 , 34 , 0, -0.1, 4.0, 44.5% , 26.9
Qs , 0o, 24 , Q0 , Q03 , 49 , 0, .1, -4.2, 44.F7 , 26.5
05 , 06 , 24 , 00, 06,11, 0, -0.0, -4.1, 44.8, 26.7
0 , 06, 24 , 00, 10, 53 , 0O, 0.2, =4.3, 44.4 , Z6.1
oy , e, 24 , 00, 12 , 08 , 0, 0.2 , =4.2 , 44.5% , Z26.3
gy , Q0o , 24 , 00, 13, 23 , 0, 0.3, -=4.2 , 44.3 , 25.9
s , 0o, 24 , 00, 14 , 38, 0, 0.2, 4.2, 44.86 , Z26.3
Gh o g8 ¢ 24 & G0 prlh o ha & g g 0.2, =-4.1, 44.8 , 26.8
0% , 06 , 24 , 0O , 17 , 08 , 0 , 0.4 , =4.2 , 44.4 , Z6.0
05 , o0&, 24 , 00, 185, 23, 0, 0.2, =4.2 , 44.7 , 26.0
os , Qe o, 24 , 00, 23, 0%, 0O, 0.3, -=4.0, 44.7 , 25.8
oy , 0o, 24 , 00, 24 , 21, 0, 0.3, 4.1, 44.85 , 25.8
gy , 0o, 24 , 00, 20, 43 , 0, 0.1, -=4.2, 44.7 , 25.9
05 , 06 , 24 , 00, 27 , 58,0, 0.2, -4.1, 44,8, 25.9
0 , 0a , 24 , 00, 29 , 13, 0, 0.3, =4.3, 44.4 , Z5.3
oL , 0a , 24 , 00, 30, 28 , 0, g.o0, =4.2, 45.0, Z26.0
oy , 0o, 24 , 00, 31, 43 , 0, 0.1, 4.2, 45.0, 25i.8
gy , 0o, 24 , 00, 30, 24 , 0, g0, -4.3, 45.0, 25.8
Qs , Q0g , 24 , 00, 37 , 41 , 0O, 0.1, -4.4 , 448 , 25.3
0% , 06, 24 , 0O, 38, %6 , 0 , 0.3, =4.5%, 44.4 , Z4.8
0% , 06, 24 , 00, 40 , 11 , O , 0.2, =4.4 , 44,7 , Z5.1
0y , e, 24 , 00, 41 , 26 , 0, 0.1, -4.5%, 44.8 , 25.3
s , 0o, 24 , 00, 42 , 41 , 0, 0.2, -4.4 , 44.7 , 25.3
s , 0o, 24 , 00, 43, G, 0O, 0.1, -4.5%, 44.9 , 25.3
Qs , g8, 24 , 00, 4% 44 . 0, 0.2 , 4.4, 44,7 , 25.8
0 , 06, 24 , 0O, S0, 59 , 0, 0.0, =4.4 , 44.9 , Z6.0
oL , 0e , 24 , 00, 82 , 14 , 0, -0.2, =4.3, 45.3, 26.3 P

Fig.B6: Stability indices ASCII data file structure

B1 Housekeeping ASCII file format

Fig.B7 shows the ASCII version of a HKD file (holseping data). The explanations for the
abbreviations in the legend line are the following:

* Ye, Mo, Da, Ho, Mi, Se Year, Month, Day, Hour, Minute and Second of shenple
time

» AF: Alarm flag, refer to Appendix A17

* GPS Long GPS Longitude

* GPS Lat: GPS latitude

« TAmb1: temperature of ambient target sensor 1

« TAmb2: temperature of ambient target sensor 2

* TRecl temperature of receiver 1 (humidity profiler)

* TRec2 temperature of receiver 2 (temperature profiler)

» SRec1l stability of receiver 1

» SRec2 stability of receiver 2

» Flash D: remaining flash disk capacity

* QF LWP,...,QF LPR: quality flags of LWP, ..., LPR (liquid profile)

* HP CH: humidity profiler channel status flags, refei®b7
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* TP CH: temperature profiler channel status flags, refek17
* RF:rain flag, refer to A17

» DB: dew blower speed status, refer to A17

* BLM: boundary layer mode status, refer to A17

» SCa skydip calibration status, refer to A17

* GCa: gain calibration status, refer to A17

* NCa: noise calibration status, refer to A17

* NDZ1: noise diode receiver 1 status, refer to A17

* NDZ2: noise diode receiver 2 status, refer to A17

* R1St receiver 1 stability status, refer to A17

* R2St receiver 2 stability status, refer to A17

* PF: power failure status, refer to A17

» TarSt: ambient target stability status, refer to A17

B 07081416.HKD.ASC - Editor
Datej Bearbeiten Format Ansicht 2

F HKD File ~
2998  # Number of samples

0 # Time Reference (1=UTC, O=Local)

1 # 0=GP5 position not recorded, 1=GPS position recorded

1: # D=recejver / ambient temperatures not recorded, l=receiver / ambient temperatures recorded

1 # O=receiver stability not recorded, l=receiver stability recorded
1 #
1. #
1 #

0=Flash pisk capacity not recorded, 1=Flash Disk capacity recorded
¢ O=quality flags not recorded, i=quality flags recorded
O=instrument status flags not recorded, l=instrument status flags recorded
#ve,Mo, Da, Ho,M1, 58, AF, GPS Long. , GPS Lat. ,Tambl, Tamb2, TRecl,TRec2,SRecl,SRec2,Flash D,QF LWP,QF IWV,QF
07,08,14,16,00,08,0 701.5922, 5038.7744,313 03,0.000,0238784, 0000 , 00CCO ,

w3 3

7,08,14,16,00,10,0 701.5922, 5038.7744,313. .0,311. 3, 313. 003,0.000,0228784, 0000 , 0000

; S L 6,0.0 C
: B, O 6,0. : i
07,08,14,16,00,11,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.003,0.000,0238784, 0000 , 0000 , C
07,08,14,16,00,12,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.000,0238784, 0000 , 0000 , C
7.08,14,16,00,13,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.000,0228784, 0000 , 0000 , (
07,08,14,16,00,13,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.000,0238784, 0000 , 0000 , C
07,08,14,16,00,16,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.000,0228784, 0000 , 0000 , C
7,08,14,16,00,17,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.000,0238784, 0000 , 0000 , (
07,08,14,16,00,18,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.000,0238784, 0000 , 0000 , C
07,08,14,16,00,19,0 , 701.5922, 5038.7744,3132.8, 0.0,311.3,313.6,0.002,0.000,0228784, 0000 , 0000 , C
07,08,14,16,00,19,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.000,0238784, 0000 , 0000 , C
07,08,14,16,00,22,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.000,0238784, 0000 , 0000 , C
07,08,14,16,00,23,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.000,0238784, 0000 , 0000 , C
07,08,14,16,00,24,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.001,0228784, 0000 , 0000 , C
07,08,14,16,00,24,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.001,0228784, 0000 , 0000 , (
7.08,14,16,00,26,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.001,0238784, 0000 , 0000 , C
07,08,14,16,00,28,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.001,0228784, 0000 , 0000 , C
7,08,14,16,00,29,0 , 701.5922, 5038.7744,312.8, 0.0,311.3,213.6,0.002,0.001,0228784, 0000 , 0000 , C
07,08,14,16,00,29,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.001,0238784, 0000 , 0000 , C
07,08,14,16,00,31,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.001,0238784, 0000 , 0000 , C
7.08,14,16,00,32,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,3213.6,0.002,0.001,0228784, 0000 , 0000 , C
07,08,14,16,00,34,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.001,0228784, 0000 , 0000 , C
07,08,14,16,00,35,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.001,0228784, 0000 , 0000 , (
07,08,14,16,00,35,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.001,0238784, 0000 , 0000 , C
07,08,14,16,00,37,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.001,0228784, 0000 , 0000 , C
7.08,14,16,00,38,0 , 701.5922, 5038.7744,312.8, 0.0,311.3,313.6,0.002,0.001,0228784, 0000 , 0000 , C
07,08,14,16,00,40,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.001,0238784, 0000 , 0000 , C
07,08,14,16,00,41,0 , 701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.001,0228784, 0000 , 0000 , C
7,08,14,16,00,41,0 ,  701.5922, 5038.7744,313.8, 0.0,311.3,313.6,0.002,0.001,0238784, 0000 , 0000 , C_
< | ¥

Fig.B7: HKD ASCII sample file.
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Appendix C (Examples)

C1l. Introduction

The RPG-HATPRO humidity and temperature profilingsgive microwave radiometer
measures a variety of atmospheric quantities wigh kemporal and spatial resolution. Due to
its two 7 channel filterbank receivers it offerhigh speed parallel detection of all 14 channels.
In contrast to other systems that utilize a seqakohannel scanning e.g. with a synthesizer
(the classical spectrum analyzer concept) the RRGHRO is capable of performing fast
LWP (Liquid Water Path) sampling with 1 second timesolution and outstanding noise
performance of < 2 g/m”2 RMS while simultaneouskasuring full troposphere (up to 10 km
altitude) profiles of temperature and humidity.

In addition the instrument supports two differecrsing modes to achieve a maximum
accuracy and vertical resolution for temperatui@ilomg in the full troposphere (< 10000 m,
vertical resolution 150 — 250 m) and boundary lgyet000 m, vertical resolution 50 m). These
two modes are referred to as zenith mode (observainly in zenith direction for full
troposphere temperature and humidity profiling, LWWYV) and boundary layer mode
(observation in 6 different elevation angles forubdary layer temperature profiling). In
boundary layer mode the system scans the sky vatb& to increase the amount of acquired
information by sampling all channels in differemtedtions (down to 5° elevation angle). It has
been shown that this method increases the venésalution and accuracy of temperature
profiles in the atmospheric boundary layer while #enith mode is best for profiling the whole
troposphere with lower vertical resolution. A higértical resolution in the boundary layer is
essential in order to resolve temperature invesswanich mainly occur in that layer.

C2. Temperature Profiling

C2.1 Zenith Observation Mode

In zenith observation mode the radiometer only messs in the vertical direction while
scanning the water vapour and oxygen lines in Fegritinuously. Atmospheric quantities like
LWP, IWV and absolute / relative humidity profilese retrieved from the water vapour line
shape and a window channel at 31.4 GHz. The oxygen complex is only used for
temperature profiling of the troposphere.

The RPG-HATPRO radiometer comprises 7 channel©iemwhater vapour line / window and 7
channels on the oxygen line. The frequencies andre#l bandwidths are listed in table 1:

f{GHz] | 22.24 | 23.04] 23.84 2544 2624 2784 31l40 261 52.28] 53.86] 5494 56.66 57.430 580
b[MHZ] 230 230 230 230 230 230] 23( 230 230 230 280 600 1000 2000

Table 1: RPG-HATPRO channel centre frequencies atmlresponding bandwidths.
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Liquid Water Content = 0.2 gm®, 900 hPa
10.000 T

RPG-TEMPRO90

RPG-HATPRO
1.000

RPG-LWP

0100 23.8 GHz

Oxygen line 90 GHz

f

36.5/31.4 GHz

Extinction coefficient [1/km]

0.010 Liquid water continuum

/

Water vanour line

0.001

20 40 60 80 100
Frequency [GHz]

Fig.1: Frequency sets observed in zenith observatiode by various RPG instruments.

C2.2 Boundary Layer Scanning Mode

In boundary layer mode the radiometer scans theshere in elevation to acquire more
information about the lower atmospheric layer (<A@ as shown in Fig.2.
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Fig.2: Boundary layer scanning mode with differentelevation angles.

For the retrieval of boundary layer temperaturdil@® only the upper four channels in table 1
are used which show the highest absorption belo®0 1®. The variation of brightness

temperature in a scan is typically in the ordeddd 4 K. Thus a sensitive receiver and long
integration times are required for the method thiee the required accuracy. The RPG-
HATPRO uses integration times of 20-60 secondsapgte (user selectable) with a total scan
time of 2-6 minutes. During this time the zenithsetvation mode is disabled. A good

compromise is a 3 minute scan with a repetitionogeof 10 to 20 minutes so that the zenith
mode is active most of the observation time.

C2.3 Comparison Between the Two Modes

¥ Display Temperature Profiles (Full Troposphere)

Start Recording:
| Date (D:M:V) 1 24:06:2005
Time (H:M:S): 00:00:51
Endl Record'ihg':
| Date (D:M:Y): 28:06:2005
Time (H:M:S): 17:54:42
Time Reference:
~ Local Time
Duration:
'-I"I__i')i')'i'l sec
Samples:

Altitude [km]

3503
Retrieval:
| ._i.l?lllil_'l_ea_l B_e_gr_«_assion
Altitude Layers:
[ 15 |
Nti‘tudes:] -

Atttude: | §9m |
 Temperature Contours

Add| Del | Redr

_ ] 29050 K -
Load Profile Chartj | FILTERED.TPC Zoom Out Print ] Time Series ] =
Import RS Data | [ | Display 5 Dats | Select Profile | Filter [ on |
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Fig.3a: Zenith observation mode. In the lower 500layer the vertical structure is hardly
resolved.

@ Display Temperature Profiles (Boundary Layer) =13

| Start Recording:

Date (D:MEY) @ 24:06:2005
Time (H:M:S): 11:16:38
_End Recording:

[ Date (M) 28:06:2005

[ 3697dsec |
Samples:
[ ____#® |
Retrieval:
| Linear Regression |
Altitude Layers:
o e i
Altitu de's:l vl
Aftitude:|  129m |
;-Temperature Contours |

| Add j Del |  Redr.

-

i Zoom Qu‘d rint ime Sriesl
ImportRS Data | [ | Display RS Data | Select Profile | Fiter || on |
Fig.3b: Boundary layer scanning mode. The verticgttucture even in the lowest layer <100
m is clearly resolved.

Load Profile Chart | | “FILTERED.TPB

Fig.3a/b show temperature profile maps of the 1avi @0 m layer measured in zenith mode
(Fig.3a) and boundary layer scanning mode (Figi@ba period of 4 days. Only in the left part

of the time chart (the first 1.7 days of the reaogdperiod) the boundary layer scanning mode
observations do not significantly differ from thenth mode observations. During that period
no inversions occurred (see scan A in Fig.4) bterahat the boundary layer cooled down

(scans B and C in Fig.4) and the first elevateaiswons occur (scan C). During the next days
inversions are formed between midnight and the mgrhours (scans E, H) and dissolved until
noon time (scans F, 1) by strong solar radiation.
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splay Temperature Profiles (Boundary Layer) Il
as Start Recording:

Date {D:M:Y) : 2’4:06:2‘005I
Time {(HWESE 11:16:33 |
EndRecording:
Date {IHM:Y) : 28:06:2005I
Time (HM:Sk 17:55:02 |

i_ 697H sec

Samples:

[ r Regression
| Afitude Layers:
[ 2
Mﬁmdes:] -]
Aftitude:|  14m |
- Temperature Contours
gﬂd' ge|| Redr.
.il 287 =

Eiter [ [ oON |

Load Profile Chart | | FILTERED.TPB | 200 0ui| Print | Time Series |
Import RS Data I | | Display RS Data I JE1ECE PiORIE

Fig.4: Boundary layer scan temperat'ﬁr'é'brofile mayh the lowest 2000 m layer. Examples of
different scans are given below. The time of theagliam is measured in UTC. 00:00:00
corresponds to midnight.

 Temperature Profile (Boundary Layer) £ © Temperature Profile (Boundary Layer)

Date:
[ 2005:06:24
 Time: T :
I [ o157
A ~atudes B © Atitude:
[ As5m | [ t2m |
Temperature: Temperature:
| 2840 K | 2807 K
Radiosonde Radiosonde
Retrieval Retrieval

& Temperature Profile (Boundary Layer) | : & Temperature Profile (Boundary Layer)

| 223452

 Aftitude:
| 1#8m
Temperature: ‘Temperature:
[ 2828K [ 282.0K
Radiosonde Radiosonde
Retrieval Retrieval
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& Temperature Profile (Boundary Layer)

¥ Temperature Profile (Boundary Layer)

- Date: s Date:
1.8 2005:06:2T 1.3 2005:06:2T
Time: Time:
1.6 E 053E36 1.6 F 16:15:25
e Al E o At
? a5 168T m = 1266 m
2 g 1.2
g Temperature: ] - Temperature:
£ 10 ik || B vo 237K
< <
0.8 Radiosonde 0.8 Radiosonde
Retrieval Retrieval
0.6 0.6
0.4 0.4
0.2 0.2
0.0

0.0- T ) T B T T T T = T T o r =
280 261 282 283 264 205 206 28T 288 269 282 204 206 288 290 292 293 296
Temperature [K] Temperature [K]

184 1.3 2005:06:28
G H TG
1.6 1.6+ 0410:04
E o E o Al e
= = 1243 m
L 1.2 £ 1.2
] . Temperature: ] . Temperature:
£ 10 2846 K £ 1o 2856 K
< <
0.8+ Radiosonde 0.8+ Radiosonde
b Retrieval b Retrieval
0.4+ 0.4+
0.2+ 0.2+
print | print |
0.0 T T T e T T T =T 0.0 T T T T T =
281 282 283 284 285 206 287 288 289 290 201 29 [ 282 284 286 288 290 292 2
Temperature [K] Temperature [K]
e e Pro e (Bo da aye i |
i Date:
18 2005:06:28
Time:
i | 155636
’E‘ 1.4 Alt.'m_.lde: )
= 10T m
g 1
Temperature:
£ 1o 2035 K
<
0.8+ Radiosonde
b Retrieval
0.4+
0.2+
print |
00— T . T . T o=
284 206 288 290 297 294 296 2
Temperature [K]

C2.3.1 Comparison with Radiosonde Data

Fig.5 is an example for a zenith mode observatioth® full troposphere up to 10 km during

the morning hours (6:00). The radiosonde (in red}y Waunched about 20 km away from the
radiometer site. The RPG-HATPRO profile (in bluextaines well above 1 km altitude but

deviates significantly in the lowest 500 m layerg.6 shows the comparison between the
radisonde profile and the radiometer data whenatedrin boundary layer mode in the lowest
2000 m layer. The ground inversion is resolved nagter than in zenith mode.
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¥ Temperature Profile (Full Troposphere) E@hﬂ

Date:

| 2005:06:28 |
Time:
06:05:29

Ahltitude:
- 2828m
Temperature:
[ 2656K

Altitude [km]

Radiosonde

Retrieval

2.0
1.0

Inversion 0m:290.0K  ~ |

Print ]

230 240 250 260 270 280 200
Temperature [K]

Fig.5: Full troposphere (zenith) scan. Inversion lmav 1 km is not well resolved (about 1 K)

(=]t

£ =

) | 2005:06:28 |

Time:

= o
E 1.4 ) ﬂl_l‘..n.‘..l..ll:le:
: 278 m
H -
L 124

-. Temperature:
£ T 2939k
=T

$8 Radio=sonide

' Retrieval

0.6

0.4

0.2

Temperature [K] oo

Fig.6: Radiosonde (red) and boundary layer scanu@) profiles at the same time as above. A
strong ground inversion of 4K is resolved.
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Fig.7 is a boundary layer scan 6 hours later coetptr the radiosonde profile. The inversion
has disappeared.

1 = )
[@ Temperature Profile (Boundary Layer) (=119
£ Date:

s ol
1.6+ [ 11:28:26
"E‘ 1.4 ﬁ@:ﬁﬂei i

= 1450 m
£ 12 |
: Temperature:
£ 1o AL
<
0.3 Radiosonde
5l Retrieval
0.4+
0.2
Print ]
284 206 200 290 292 264 206 298 3 [
Temperature [K]

Fig.7: Boundary layer scan around 12:00 UTC.

C2.4 Development and decay of an inversion

In the time series below the development of anrsiee and its decay is monitored (in
boundary layer mode). The data was recorded imitte 27./28.6.2005:

[# Temperature Profile (Boundary Layer)

| 20:18:04 21:12:51
T Al Sy SR
= 1490 m = 1569m |
& 127 L 1.2
Temperature: = - Temperature:
‘ﬂ 1.0 2315 K E 1.0 2850 K
=3 | -] |
0.8 Radiosonde 0.3 Radiosonde
06 Retrieval Retrieval
0.4
0.2+ .
I e " T~ s e
29 . 2] 3 3 2 E cl
Temperature [K] i & Temperature [K] i]

< Date: e Date:
18 2005:06:27 1.8+ 2005:06:27
. - Time: . - Time:
1] 220738 23:07:38 iy 230224 23:02:24
£ N | P At
= 1545 m = 72 m
3 12 g 12
: Temperature: Temperature:
£ sk ERETE 25k
< <
0.5 Radiosonde 0.8 Radiosonde
06+ Retrieval 064 Retrieval
0.4 0.4
0.2+ 0.2+
282 284 286 288 290 292 Close ] 282 234 286 288 290 292 Close ]
Temperature [K] Temperature [K]
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¥l Temperature Profile (Boundary Layer)

00:10:53 01:05:39
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0.24 024
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Temperature [K]

perature Profile (Boundary Layer)
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E E ’ 1250 m
s 129 & 12 L
: Temperature: : Temperature:
'E 1.0 2861 K 5 104 2846 K
< <
0.8 Radiosonde 0.8 Radiosonde
0.6+ Retrieval 0.6 Retrieval
0.4 0.4
0.2+ 0.2+
. .
0 T T T ) T == T T T — —T =T
282 284 286, 238 290 2 4 [ 282 254 286 288 2% 292 cl
Temperature [K] i & = e e i st ] 9 9, 2 close
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CEX

v- ; e Date:
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[ 294m E 828 m
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0.8 Radiosonde LEE Radiosonde
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ol ieval d ieval

0.4+ 0.4

0.24 024

0.0

264 206 288 290 292
Temperature [K]

284 286 288 20 22 294 206
Temperature [K]

C2.5 Comparison with Meteorological Tower Observati  ons

1) LAUNCH campaign in Lindenberg / Germany (September October 2005)
(Courtesy of Prof. Dr. S. Crewell, University of Munich)

The RPG-HATPRO was located about 40 m from a 99 eh tower of the DWD (Germany
Weather Service).
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Fig.8a: Comparison of time series of tower tempnser (black) and HATPRO measurement
(red) at 10 m and 100 m. Below is shown the gradigdifference) indicating that all low level
inversions were captured by the instrument.
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Fig.8b: The same measurement for another periodtiogé campaign.
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Fig.8c: Scatter plots of the comparison.
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We also compared the HATPRO temperature profilesbimh measurement modes with
radiosonde data measured by a Vaisala RS92 soagleshled about 4 km from the radiometer
site (4 times a day). Fig.9/10 show the statistizellysis of the data measured in BL mode and

Z mode.

20[ 2000 '

- 1500

1000+

Height 7/ km
Height / km

- 50O

L O PR R R NN TRN R O Y SN NN TN AN SN TR S NN M 1o 201
2 090 092 094 096 098 1.00
BIAS/RMS /K Cortelation

Fig.9: RMS and bias of the BLM temperature obseriats. Due to the 4 km distance
between radio sounding and radiometer the detailslee boundary layer are not necessarily
the same. The BLM data is most accurate for altirgd< 1200 m.
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Fig.10: RMS and bias of the ZM temperature obseroais..
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2) KNMI Met. Tower Observations at Cabauw / Netherlands
(Courtesy of H.Baltink, KNMI Netherlands)

The Dutch Weather Service operates a 200 m metgpeal tower in Cabauw / Netherlands.
Fig.13 shows a one month temperature comparisadheo200 m sensor with HATPRO BLM
measurements.

Tower — HATPRO, 200 m agl, August—2006
23 I I | I

green - HATPRO, 200 m
black - tower 200 m

e A N A A

Temp. (difference} (G}

red - difference tower-HATPRO
blue dots: rainflagged data

5 1 | | | | |

|

o 154 308 462 616 7eg 923 1077 1231
index
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Fig.11: Comparison of retrieved HATPRO temperature at 200 m(green) with 200 m

temperature sensor reading of met. tower (black) inCabauw (KNMI) in August 2006.

Total number of samples: 1232, no-rain: 836 samplgfRkRMS: 0.36 K, bias: -0.04 K); 396
rain samples (RMS: 0.45 K, bias: -0.13 K). Rain sapies are indicates as blue dots, rain
rates are between 1 mm/h (drizzle) and 25 mm/h. BLMata remains accurate.

C2.6 Extreme Inversions

[%) Display Temperature Profiles (Boundary Layer)

Load Profile Chart | |
Import RS Data [ | _DisplayRSData | Select Profile,

Fig.12: BLM map of one week period. Very strong Brgions occurred in the second half of
the period indicated by the black lines (Lindenber@ctober 2005, courtesy of Univ.of
Munich).
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2 Temperature Profile (Boundary Layer) (2l Tem perature Profile (Boundary Layer)
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Time: Time;
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E o3 E s =
= 956 m = 653 m
) )
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Fig.13: Inversion comparisons between radio soundinred) and HATPRO BL mode
observations (blue) for the four cases in fig.1(icated by the black lines.

[Z] Temperature Profile (Full Troposphere) E@H@ [&l Temperature Profile (Full Troposphere)
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) =
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print | print |
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= #741m =
) =
- Temperature: = Temperature:
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om:2872K  ~ 0m:2883K  ~|
print | print |

Fig.14a: Examples of comparisons between radio sding (red) and HATPRO Z mode
observations (blue). The boundary layer details ai@ always accurately resolved.
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= = = |
i Temperature Profile (Full Troposphere) {ﬂ@”zl |§| Temperature Prefile (Full Troposphere) [ﬂ@”zl
o Date: e Diie:
) [ 11:09:2005 | ! [ 11:08:2005 |
11:23:32 23:45:41
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E | s7t6m E | 3545m
= )
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i e |
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Clfomizszen -] U |lemizzzk <]
print | print |
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H | L ! ] : print | print |
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Fig.14b: The Z mode tends to smear out (average) details 6f the boundary layer.

| Display Temperature Profiles (Boundary Layer)

Start e ol o
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Fig.15: Strong solar heating (A) at day time and radiation cooling over night (B)
(inversions!) during the AMMA campaign, January 20@, Benin / West Africa.
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C3. Humidity Profiling

There is only a zenith mode for humidity measuraséecause at the water vapour line
channel frequencies around 22 GHz the atmospheteaisparent. No saturation of the
brightness temperatures occurs even at very lowagts angles like for the oxygen line
center. Consequently an elevation scanning modenwailgive significantly more information
than the zenith mode. Nevertheless more accur&tvee humidity profiles in the boundary
layer can be generated by combining absolute htynigrofiles with boundary layer
temperature profiles and computing the relative iditsnfrom these two profile types.

The microwave signals the radiometer observes aextly proportional to the absolute
humidity above the instrument with offsets due tquid water introduced by clouds.
Consequently, for retrieving humidity by observatoof the water vapour line, absolute
humidity profiles (humidity measured in giyvare the most ‘natural’ type of humidity profiles.
Relative humidity profiles can be generated in tivays:

1) Using directly a retrieval for relative humidity thout taking into account any
temperature profile information.

2) Using a retrieval for absolute humidity and combihis information with temperature
profiles generated by zenith and boundary layereaod

Both methods suffer from severe inaccuracies dt higitude (>5000 m) where the absolute
humidity is so low (due to low temperatures) the microwave detection of this contribution
becomes impossible. But method 2 has advantages method 1 in the boundary layer

because the higher accuracy and resolution of doedary layer temperature profiles can be
exploited for relative humidity profiling.

C3.1 Examples of Absolute and Relative Humidity Pro  files

C3.1.1 RPG-HATPRO Measurements
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# Display Absolute Humidity Profiles

| Altitudes: -

Attitude: | 38 m
Humidity Contours

Cort |2 -

2 Rel. Hum.| Filter on
i

FILTERED.HPC.

Load Profile Chart|
Import RS Data

Zoom out es
i 5 Dat Select Profile

Fig.16: Absolute humidity profile map for a 5 dayepod.

il Absolute Humidity Profile
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2005062
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Fig.17: Sample profile taken from the map in Fig.1& 12:00 UTC (noon time). In red is the

data of a radiosonde for comparison (Larkhill, UK).
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2 Absolute Humidity Time Series
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Fig. 18: Absolute humidity time series at 116 mitltle.
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Fig.19: Relative humidity map for the full troposgne (up to 10 km) computed from absolute
humidity profiles and temperature profiles both maaed in zenith mode.
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% Relative Humidity Profile =13
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i  Time:
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| Humidity:
EE 4 smen
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ol
o Retrieval
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2.0 hd
107 Print
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T T T T T

Rel. Humidity [%]

Fig.20: Comparison of relative humidity profile wht radiosonde data. As mentioned above
the microwave information does not allow for retiimg any details of humidity profiles
above 5-6 km. A small error in absolute humidity latv temperatures produces a big error in
relative humidity.

I Display Relative Humidity Profiles

: Zoom un | iee | Te Seibes
g

Fig.21: The lowest 2000 m layer map of Fig.11 contga from absolute humidity profiles
and temperature profiles both measured in zenithaeo
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[ Display Relative Humidity Profiles

Altitule; 15 m
Humidity Contours:

I C—

Abs. Hum.| Fitter || Ol

00:00:00

oa
Import RS Data

Fig.22: Relative humidity map for boundary layer guto 2 km) computed from absolute
humidity profiles and temperature profiles measuredboundary layer mode. A comparison
with Fig.13 clearly shows that more details are obged in the <500 m range. The relative
humidity is modulated by the temperature inversions

Below is shown a sequence of boundary layer huynmibfile samples taken from Fig.21 (left
profiles, Z-Mode (zenith mode)) and from Fig.22g profiles, BL-Mode (boundary layer
mode)): Without temperature inversion the humigitgfiles look almost the same.
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Fig:23: Relative humidity time series at low altiie¢ measured in Z-mode and BL-mode. The
BL-mode humidity maxima over night between 22:00 dary:00 (when inversions are
generated) are more pronounced than in Z-mode.
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Fig:24: Absolute humidity profiles compared to
leads to RMS errors of 1 g/m”3.
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Fig:25: Due to the small number of degrees of freed in the 22.4 GHz water vapour line the
retrieval (dotted line) can only average throughehreal profiles but the integrated water

vapour (IWV) measurement is quite accurate.
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AMMA campaign, Benin / West Africa (Jan. 2006 to Ja. 2007)
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Fig:26: Example of a transition from wet to dry perd by sea breeze effect in Benin / West
Africa with development of absolute humidity praé# and integrated water vapour.

Morioka campaign, Japan (Oct. 2006 to Jan. 2007)
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Fig.27: One month of absolute humidity data from Moka / Japan. At rain rates >10 mm/h
the profile is distorted while at rates < 5mm/h tpeofile accuracy is reduced by only 20%.
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Fig.28: Absolute humidity profile map of the lowe4000 m over 6 days.
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Fig.29: Absolute humidity time series @ 300 m lefreim period in Fig.28.
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C3.1.2 RPG-LHATPRO Humidity Profiling

The same profiling observation modes as used fopéeature profiles (BL and zenith) can be
applied to humidity profiling with the 183 GHz linAlso the oxygen line channels are included
in the humidity retrieval which is essential fosodving low altitude humidity inversions and

relative humidity profiles. First results of radieg transfer calculations indicate the following
vertical resolution and accuracies:

* Full troposphere humidity profiles (0-10000 m): 0561 (<4000 m altitude), 1000 m
above, profile accuracy: +/- 0.02 g/m”3 RMS (0-1@90 +/- 0.04 g/m"3 RMS (>2000
m)

* Boundary layer humidity profiles (0-2000 m), 100 wertical resolution, profile
accuracy: +/- 0.03 g¢/m"3 K RMS (<2000 m).

Absolute Humidity Profile (183 GHz)

2000 : 7

1500 - ~
£ I
£, 1000 - .
[}
= I . 5

500 - .
183 GHz'line ™~._
0 I retrieval T sl

0.00 0.02 0.04 0.06 0.08 0.10 0.12
RMS and data Std.Dev. / gm”*-3
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Absolute Humidity Profile (183 GHz)
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Fig.C3.1.2.1: Retrieval accuracy for humidity prdifag with the 22 GHz and 183 GHz water
vapour line.

N
0.00

L L

For the IWV retrieval the following accuracies agected at very low humidity levels like at
DOME C (Antarctica):

IWV at Dome C
Natural variability (Std.Dev.): 0.189 kg/(m”2)

retrieval with 183.31 GHz line: RMS=0.008, Corredat=0.999
LWP accuracy is about 10-20 g/m”2 with RMS noisebaj/m”2.

Retrieval Performance at Dome C / Antarctica

Based on the radiosonde data from the Concordiorsté290 soundings from 2006), we
calculated the microwave brightness temperaturd9 (& down-welling radiation at several
elevation angles. By adding instrument noise (0&vid RMS) we obtained a synthetic
radiometer measurement. A multi-variate quadrasometimes only linear) regression
established the inversion of forward-calculatedglmmess temperatures to atmospheric
parameters.

Only 80% of the data (randomly chosen) were usedhe regression, the rest were used for
algorithm testing. The following algorithm performee estimates are based on the application
of the regression methods on the unused 20% aldtee All results are preliminary. At a later
stage, we will incorporate more data, maybe fromtiSzase or other similar locations.

Integrated water vapour

The total column water vapour is very low at DomeThe brightness temperatures of the
22.235 GHz water vapour line are much too smallfater vapour retrievals in low pressure
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and at very cold climates. We compare the retripeaformance of a sounder with 6 double-
side-band channels around 183 GHz with the perfocmaf a standard radiometer for mid-
latitudes with 7 channels between 22.24 GHz and GHz.

The 22 GHz system has a low information contenth@ BT, thus the retrieved IWV is
basically the all-year mean value plus some scattaind it.

For the IWV retrieval the following accuracies aspected:

Natural variability (Std.Dev.): 0.189 kg/(m”2)

retrieval with 22.235 GHz line, RMS=0.140, Cor=B58
retrieval with 183.31 GHz line, RMS=0.008, Cor=(1®99

MWV (183 GHz sounder) (Test Data)
LI [ L L] [ L (L

0.8

[kgm 2]

0.6

Retrigvead WV /

0.4

0.2

0.0 L 1 s s : | L M L 1 s s : | L M L | M s L |
0z 04 0.6 0.8 1.0 1.2

True WY/ [ka/m"2]

Fig.C3.1.2.2: IWV scatter plot.
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[]

Humidity profiles with 183 GHz WVL:
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Fig.C3.1.2.3: Humidity profiling retrieval accuracy
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Fig.C3.1.2.4: Humidity profile comparison from Pidu Midi (French Pyrenees), courtesy of
CNRS, Laboratoire d’Aerologie, Observatoire Midi-F3nees .
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Fig.C3.1.2.5: Example of humidity profile chart frm Pic du Midi (French Pyrenees),
courtesy of CNRS, Laboratoire d’Aerologie, Obsemia¢ Midi-Pyrenees .
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C4. LWP and IWV Measurements

The RPG-HATPRO is capable of measuring liquid watgh (LWP) with a 1 second temporal
resolution due to its parallel receiver architeetufhe variability of clouds can be analyzed in
detail also because of the relatively narrow beadthnof 4° HPBW (half power beam width)
for the water vapour channels.

% Display LWP Data
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Fig.30: High temporal resolution (1 second samplihg WP time series. The measurement
noise is very low (< 2 g/ fiRMS).
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Fig.Sl: IWV time series. Absolute accuracy is +/3Gkg/ nf with an RMS noise of < 0.05 kg/
m‘.
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The LWP measurement noise is very low (< 2gRMWS, see Fig.30), thus even thin clouds can
be resolved.

For integrated water vapour measurements (seelfith8 temporal resolution is not important.
A sample rate of 1/minute is sufficient to moni&dr IWV details. IWV is the most accurately
retrieved atmospheric parameter with an absolutaracy of +/- 0.3 kg/ fand an RMS noise
of < 0.05 kg/ m.

&

3

&

L1
May:22

Fig.32: IWV time series over one month (KNMI, MayOR6). 140 radio sondings (26.
April to 4. July, Cabauw, KNMI). Radiosonds: VaisalRS-92. No-Rain RMS: 0.43
kg/m”2, Bias: 0.05 kg/m”2
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C5. Stability Indices

The RPG-HATPRO is delivered with retrievals for thest common atmospheric stability
indices like:

* The Lifted Index (LI) shows the stability of an garcel. It is computed by lifting the
parcel of air pseudo-adiabatically to a 500 mb lletieen comparing the temperature of
the air parcel to that of the environmental air penature. The temperature of the air
parcel may be much higher than the surroundingeayy. due to condensation), causing
it to be unstable in a sense that it wants to bplated vertically. We look for negative
numbers with this index. The more negative the rennihe more unstable the air is and
the more potential there is for a stronger thurtdemrs Values of zero or below are good
indicator of general thunderstorms. Severe thunoens are possible when the values
reach -4 or so.

» The Total Totals Index (TTI) combines the effectlod atmospheric lapse rate and low
level moaisture. It is computed by using the Crostalk Index (CT = Td850 - T500) and
the Vertical Totals Index (VT = T850 - T500). Andiex of 50 is a good starting point
for thunderstorms.

* The K Index (KI) represents the thunderstorm paderas a function of vertical
temperature lapse rate at 850 mb temperature a@dnf® temperature, low level
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moisture content at 850 mb dewpoint and the deptth® moist layer at 700 mb
dewpoint (George, 1960). KI increases with decrepastatic stability between 850 and
500 mb, increasing moisture at 850 mb and incrgasfative humidity at 700 mb. Ki
can be used as an indicator of convection but sa discriminator of severe versus
non-severe convection. Values of Kl > 20 genenadfyresent a convective environment
capable of producing scattered thunderstorms &gtiwhile Kl > 30 represents an
atmospheric potential for numerous thunderstorntar (Haklander and Van Delden,

2003).
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Fig.33: When TTI, KI and LI are approaching theirmtical limits, thunderstorms are likely
to occur. This can be seen from the rain flag bdnl¢e indicates ‘rain’, red means ‘no rain’).

C6. Scanning
Scanning of IWV, LWP, water vapour field, temperatue, and cloud coverage.

* In order to obtain sky scans, the radiometer né@dsteerability, and (b) rapid
integration (10 degree steps in azimuth and 9 @egpeps in zenith result in 324
observations for one sky map).

» The RPG-HATPRO instrument has zenith scanning chipedas a basic feature. The
azimuth positioner is adding the second scan daecThe control of both angles for

scanning is fully supported by the software.
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The RPG-HATPRO instrument can switch to a rapichsnade with 0.4 s integration
time. Adding some time for the movement of scarreni(zenith) and positioning table
(azimuth), one observation point can be acquirgdiwil second, resulting in roughly 5
minutes for one hemispheric scan. Longer integnaiimes would render the scanning
capabilities for sky maps nearly useless, becanesedan needs to be completed faster
than the sky is changing it's pattern.

From the scanned data the software is automaticettieving the directional dependent
values for IWV, LWP, profile of absolute humiditgmperature profile, and cloud
coverage. The software supports azimuth-zenithipipt

Fgure 34: A HATPRO instrument with azim p03|r during full sky scan
operation at the US ARM mobile facility.
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] Display Normalized IWV Map

Auto Display
I Enable Obstacle Mode  ClearObstacles | Store | Load Define WYL FileList| [10s =
MF_COI

' Add Cells
€ Detete Colls AMF_COPS_ULLOBS | B start| I stop| o Reverse| | Reset| [FEE

o Figure 35a: Normalized IWV map. The HATPRO softwaigfully supporting the
sky scanning capabilities of the azimuth-scannedli@ameter. Courtesy of U.
Loéhnert, Univ. of Cologne / Germany.
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Figure 35b: Normalized IWV map. Humidity variationsf up to 20% over the sky
have been measured. Courtesy of U. Lohnert, UnivCologne / Germany.
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%] Display Normalized LWP Map
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[~ Sync, with WV
| everse| o resed [ Sie]
Figure 36: Normalized LWP map showing the cloud evage and cloud thickness
variations. Courtesy of U. Loéhnert, Univ. of Cologn' Germany.
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R —C y [K], meon= 242.00 K e &)
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Fig.37: Azimuth scan under clear sky conditions. §played are the anomalies of IWV, IR
radiometer temperature, LWP and optical camera [fisye view). IR and IWV match nicely.
The IWYV variation is about 13% in this plot. Scanmy azimuth pitch angle is 5°. A full scan
takes 40 seconds. Courtesy of S. Kneifel, UnivCofogne and LMU Munich.
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+1B3330

Fig.38: Und'é'ruélohuvd:y condltlons the IR radiometesidhél i"smbartially saturated while the
microwave IWV is still reflecting the water vapouistribution. The IR gets saturated where
the LWP level indicates clouds. Courtesy of S. KakiUniv. of Cologne and LMU Munich.

C7. Liquid Water Profiling

C7.1 Introduction

At Radiometer Physics GmbH (RPG), we are convirtbed vertical profiles of liquid water
content cannot be derived from passive microwadenaeters with significant retrieval skill,
even when the microwave radiometer is combined antimfrared (IR) radiometer.

The reason is the limited height information of #mitted radiation. For water vapour and
oxygen gases, their spectral lines offer the gaelsantage of strongly varying optical depth
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within a small frequency band. For this reason,cae receive radiation from different depths
of the atmosphere in different frequency channels.

While oxygen has the strongest variation of optidapth up to totally opaque atmosphere,
therefore allowing a good retrieval of the vertistlucture of atmospheric temperature, the
change of water vapour absorption characteristitls frequency is much weaker, leading to
reduced quality of vertical humidity retrievals.

Liquid water is not showing spectral emission linkst a broad absorption continuum with

only moderate frequency dependence. It must bessidethat 1 kg of liquid water will emit the

same amount of microwave radiation whether it it latn height or at 2 km height.

C7.2 Existing LWC profiling techniques (and theirp  roblems)

When using regression schemes to retrieve LWCgh &avel of a model atmosphere, the LWC
profiles tend to produce non-zero LWC at all vetievels. An example for this behaviour can
be found in the ARM programdMiicrowave Radiometer Profiler Handbook” by James C.
Lililegren (ttp://www.radiometrics.com/mwrp handbook.pdivhere one can find (p.60) a
comparison of radar LWC profiles (dashed) and Raeétnics microwave radiometer LWC
profiles (solid lines).

Although this Radiometrics approach is using anrd@iometer, the cloud height is totally
inconsistent. The LWC profile is non-zero at aligms, sometimes with significant LWC
below the (highly elevated!) cloud. The maximum LW&hot correlated with the real cloud,
neither in vertical position (several km away), motWC amplitude. The non-zero LWP at all
levels necessarily leads to underestimated LWC iaimajgls, because the total area of the curve
has to match the LWP (a variable which can beeatd by microwave radiometers to much
better accuracy).
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Therefore, the retrieved profiles are showing a L-¥¢Bled variation of ever the same profile:
Maximum LWC close to the surface, non-zero everyelase, fading out above the cloud to
top-of-the-atmosphere.

Additionally, this approach can generate artificiellouds under high water vapour

concentrations when the IR signal is significardlyenuated. Therefore the IR temperature
increases (private communication, UK-MetOffice) asupgests’ a cloud base. An independent
check of a low or zero LWP value would easily rgsdhe error but a single NN retrieval is

obviously not capable of handling this.

This very limited retrievals skill has to be exgtivhen using regression schemes to retrieve
LWC in each level of a model atmosphere: When ¢atioa is bad (e.g., information content in
the measurements is small), then a regressionproiuce results close to the expectation
value, which is the mean value of all profiles lie training set. Since clouds usually occur in
all levels, with a maximum likelihood of thick raiclouds in lower altitudes, the retrieved
profiles are basically showing the mean valuedy Vilitle variations.

C7.3 PARCWAPT — The RPG Method

The available data (14 channels microwave briglstnesnperatures, one IR radiometer
temperature, ground sensors of RH, T, p) has lanitéormation content of the clouds vertical
structure. Therefore, we are not using the usugtession schemes, but more an “expert
system” approach. This way, we make optimal useé@information content in our variables.
The detailed steps of tiHFARCWAPT LWC profile retrieval (patent pending):

1. Retrieve temperature profile of the atmosphere. {Emeperature profile is needed to
determine the cloud base height from the IR tentperaeading. One of the strongest
points of the RPG-HATPRO instruments is the higeemsion boundary layer scan
obtained with narrow-beam elevation scanning teqes. Regardless of using explicit
look-up tables or implicit retrievals using the gey line channels, the high quality in
the temperature profile will be beneficial for pseccloud base height estimation.
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Retrieve liquid water path (LWP, total of vertigaihtegrated LWC profile)
Retrieve cloud base height by combining IR tempeeateading and the T-profile
Retrieve the maximum LWC of the cloud (using all idcrowave channels and the
surface sensor readings)
Modify a normalised LWC profile shape to model #utual LWC profile:

a. The profile amplitude is scaled to match the regtemaximum LWC value

b. The profile height is then scaled to match theeetéd LWP

c. The scaled profile is shifted in vertical positimnmatch the cloud base retrieved

from IR sensor

Certain thresholds are applied to ensure rejecionconsistent cases:
very small LWP values indicate thin clouds, whiclgim be transparent to the IR
radiometer, in which case the cloud base would iseafculated
very3 small values of retrieved maximum LWC areteed minimum LWC of at least 0.1
g/m’.

Obviously, such an algorithm can only retrieve tayer clouds. The shape of the normalized
curve which we use for the LWC profile inside tHeutd has a physical meaning (modified
adiabatic liquid water content):

http://www.springerlink.com/content/k506hwh6818287 paper by Karstens et al 1993), but

the LWC curve inside the actual cloud may diffesnfr this idealistic assumption due to the
variety of cloud formation processes.

C7.4 Advantages

Attitucle k]

The RPG algorithm produces LWC profiles with shiagundaries. Below the cloud base
height and above cloud top height, the LWC is gyrizero:

[ Liguid Water Profile E@@ B Display Liquid Water Profiles

- USSR SRS NSO | R -1

Date:
10:08:2008
Time:
13:22:06
Altitude:
5656 m
LW Density:
316 g/m*3

T 1 T
000 0200 0.300
Li-Density [gin®S]

The vertical position of maximum LWC is highly celated with cloud height

The maximum LWC is constrained to reasonable vabyethe regression retrieval which
is producing this value from all 14 microwave chealsn

Cloud base height is precisely following the (hggality) information from the IR
sensor.

The vertically integrated LWC is consistent witle thWP retrieval.
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» Typical high-temporal resolution data of the RP@iageneters reveal rapid changes within
the cloud properties and evolution.

In contrast to regression schemes (like quadraticesssions and artificial Neural Networks),
the RPG mixture of retrieved quantities and “exp@rstem” analytical equations produces
physically reasonable cloud profiles in the cassigle layer clouds.

C7.5 Limitations / Discussion

Beyond the usual random errors (“noise”) in theiegged quantities, the RPG LWC algorithm
is producing misleading (meaning: incorrect) reswhenever the real cloud structure deviates
from the underlying assumptions.

* Multilayer-clouds:

The LWP of all cloud layers will be produced by pisn extending the single layer
cloud to larger vertical cloud top height. Largdsviations are expected in cases where
a small but IR-detectable cloud is at lower levealsd all further cloud levels are at
much higher elevations.

» Clouds with LWC curves that deviate from the maaifiadiabatic liquid water content
are retrieved with a wrong LWC curve inside theudoPossible examples are deep
convection, thunderstorms, decaying cloud fieltts.. e

» Errors in the retrieved maximum LWC directly reléteerrors in cloud thickness. We
have three free parameters (cloud base heightvwatar amount LWP (= the integrated
LWC), and the maximum LWC inside the cloud. Theaeameters are used to modify
the constant normalised standard profile. A betigy would use variable LWC profile
shapes, but if LWP and maximum LWC are kept aspaddent variables, then the
degrees of freedom would be higher than 3. Wittsipasmicrowave radiometers, we
just do not have this information.

* Using variable profile shapes and adjust maximumQ.Wf LWP accordingly would
result in possibly incorrect and un-physical nurstfer these parameters.

In summary, RPG is providing this LWC retrieval asvisualization of parameters that are
basically already visible in their raw represemtaticloud base height from IR and LWP as the
total water amount. Beyond this information, thdyomew insight into LWC profiles is the

retrieved maximum LWC, which acts (when combinedhva standard profile shape) as an
estimator for cloud thickness.

C7.6 Measurement Examples

All cases were processed with the current versidheoHATPRO operating software.
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Thickening cloud, start of rain. Single LWC fronside the rain period (12:09 UTC).
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End of one rain event, cloud cover becomes thifts Lip to 3 km.

splay Liquid Water Profiles
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End of one rain event, lifting of cloud base, decaiyWP in high cloud cover (above
low level rain cloud).
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Rain event with rain-free period (and lifted clozaer) in the middle.
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Moderate cloud thickness, variable cloud base Hte@fmaximum LWC quite uniform.

Display Liguid Water Profiles
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Very variable LWP, varying cloud thickness, mokely convective precipitation (LWP > 1000
g/m”2).
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Thin cloud layer without rain.
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Broken cloud layer.

Display Liguid Water Profiles
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Decreasing cloud base height, increase of LWP &u@ Lstart of rain.

id Water Profiles
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Two isolated clouds with rather high LWP.

Display Liguid Water Profiles
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More isolated or broken cloud cover examples.

¥ Display Liquid Water Profiles
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Heavily precipitating cloud layer, extending dovansurface.

Display Liguid Water Profiles
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Examples of flat cloud base height.
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Display Water Profiles
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Display Water Profiles
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%l Display Liquid Water Profiles
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C7.7 Comparison with Cloud Radar Data

A comparison of the Microwave / IR derived LW pte§ with active cloud radar data is useful
and interesting. The microwave receivers operatirtge 22-32 GHz band are not sensitive to ice
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clouds which show a strong response in the cloddrrdata. Therefore a comparison of both data
sources allows for the discrimination of ice ampild water phases.

Clouds of high integrated water content often dewel fine curtain of rain with small droplets
which never reach the ground (virga). Virga is detected in the IR but generates a strong signal
in the cloud radar. The IR temperature detectsahkcloud base.
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drizzle (virga), these are rain droplets
that never reach the ground!
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Appendix D (COMS.ADR File Adaptation)

The following procedure is required for host softevaersions prior to Version 8.15. This and

all host software versions < 8.15 are restricted/tndows XP operating systems while from
version 8.15, also Windows Vi§tar Windows ? can be used.

The host software uses an RS-232 interface to conwae with the radiometer PC. The
communication routines are accessing the inteNaceort addresses. If the serial interface is
included in the host PC’s mother board these addseare predefined (from the good old
DOS days) in the following way:

COML1: 3F8h COM2: 2F8h COMa3: 3E8h COM4: 2E8h

The ‘h’-character means hexadecimal number. Whematliometer shall be connected via a

plug-in serial interface board, these addressesarealid anymore. The operating system

(like Windows X or Windows 2008) assigns different port addresses to the serial

interfaces because they are treated as exterréiwhes.

When the host software starts, it reads the file from the home directory

MY_DIRECTORY\ (see section 5.1.2). If this file is not presehie default COM port

addresses listed above are used. Otherwise it tédkesport addresses given in the
file (file format ASCII).

A typical content of this file might look like this

P COMS.ADR - Editor

Datei Bearbeiten Format Ansicht 2
COM1:1016
COM3:56456
ComM4 : 56464

The numbers following the colon of each COM enty the port addresses of the associated
COM interfaces irdecimal format.

The following procedure describes the way of howgti the port addresses from the
operating system:

First select the Control Panel from the operatiygfesns START page and follow the menu
path to the Device Manager:

Control Panel->System->Hardware->Device Manager.

The following (similar) hardware list appears oe Htreen:
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: Device Manager

Eile  Action Wiew Help
i @
= =), TETRANOTEXS
Batteries
W Computer
[+ g Disk drives
i3] @ Display adapters
b DVDICD-ROM drives
+ @ Hurnan Interface Devices
i IDE ATAJATAPT controllers
i+ % Infrared devices
Zp Keyboards
- ") Mice and other pointing devices
i3 L Todems
# § Monitars
=) B8 Network adapters
B Intel(R) PROMYIreless 2200BG MNetwork Connection
i J - HE Realtek RTLE1290510x Family Fast Ethernet MIC
& @ PCMCIA adapters
i  Ports (COM &LPT)
¥ %% Processors
# @, Sound, viden and game contrallers
# -j Swskemn devices w

=S

Click on the Ports (COM & LPT) entry. A list of itedled COM and LTP interfaces is
displayed:

Device Manager

File Action  Wew Help
5 5 2 = K
+{8 Human Interface Devices

53| IDE ATA/ATAPI controllers
] Infrared devices

=]

‘iz keyboards
& '_') Mice and ather pointing devices
= L Madems
& § Monitors
= H8 Metwork adapters
- B Intel(R.) PRO/Wireless 220066 Metwork Connection
: ] - EE Realtek RTLE139/810x% Family Fast Ethernet NIC
- [ PCMCIA adapters
= 4 Ports (COM &LPT)
: n_y Communications Port (COM1)
E & Tmun
: n__‘.y‘ Communications Port (COM4)
S ECP Printer Port (LPT1)
" 5 Prolific UsE-to-Serial Comm Part_GPS (COME)
| ﬁ Processors
Sound, video and game controllers

)
# é Systern devices
e

Universal Serial Bus contrallers "

Double click on the COM port you want to use foe tladiometer connection (COM3 in this
example):
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Communications Port (COM3) Properties

General | Port Settings | Driver | Detailz | Resources |

f? Communications Port [COR3)

Device type: Forts [COM & LFT]
hd anufacturer: [Standard port bppesz)
Location: on Generic Buz

Device statug

Thiz device iz warking properly.

If you are having problems with this device, click Troubleshoat o
ztart the troubleshoaoter.

L' Troubleshoat... |

Device uzage:

! ze thiz device [enable]

... and select the ‘Resources’ tag:

Communications Port (COM3) Properties

| General | Port Settings || Driver | Details| Resources

(3 Communications Port [COk 3]

Bezource settings:

Resource tupe  Setting

W /0 Range  03ES-03EF
[T 06

Uze aufomatic zettings Change S

Eu:unfliu:ting device list;

Mo conflicts.

k. ] [ Cancel
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The port address we are looking for is the firslugaunder ‘Setting’ in the ‘I/O Range’
resource type line (O3E8 in this example). To etités value into the ASCII
file, we have to convert this Hex number to Decintaly. 3E8h—-> 1000d (use the systems
Calculator to assist you in the conversion from HexXDecimal). (3E8h is the default port
address for COM3, so in this particular example gowot have to edit the file).
Then edit the decimal number for the port in the file and save the file (overwrite
the old one). Restart the R2CH.EXE host softwargdbaccess to the right COM interface
port.

Appendix E (Physical Radiometer Dimensions)
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Appendix F (Interconnections)

Radiometer versions_beforeAugust 2008 :

N
[' o B o o A O ;ﬂJ . fLJ
Fiber Optics Data Embedded PC ° ]
Heater
Fiber Optics Data [ ‘ L ‘ 5 I
| Azimuth Pos.
Network 48V DC L T
LAN ‘ ‘ COM 2 H com 1
[ \
Host PC
Azim. Supply 220V AC

Radiometer versions afterAugust 2008 :

-ld ol
. ol lols
——— : oL
o
Fiber Optics Data Embedded PC ° |
cable length: 1400 m max. Heater

Rs-232 ‘ :
‘ ‘ Azimuth Pos.
Network

48 V DC

. Power
Azim. Suppl e
N | [ comz |[ comi pply Distribution
/ \
Host PC 220V AC
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