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Motivation

Ground-based microwave radiometer (MWR)
observations provide informations on water
vapour, cloud liquid as well as temperature
profiles in the lower troposphere

e MWR are a mandatory instrument at ACTRIS-
Cloud remote sensing stations (NF)

e Some instruments have been operated for > 15
years

What do these data provide?

e Can we see trends with these observations?
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Microwave Radiometer (MWR) Observations

e MWRs measure radiances in two frequency ranges along absorption lines of water vapor
and oxygen, as well as in window regions for clouds.

e Products:
e Cloud liquid water path (LWP) > only instrument to provide this!
* Integrated water vapor (IWV)

* Profiles of atmospheric humidity and temperature
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Ground-based Microwave 2 w9l

radiometer networks in Europe N

e More and more stations from various operators are “Hetamear f i / KKHA{;
running continuously throughout Europe fand LA A RS

e Two initiatives aim for coordinated networks: i v ‘ éﬁ\y
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Challenges / ACTRIS efforts

e |Long time series need thorough data
quality control

e Breaks in timeseries due to faulty
calibrations or instrument changes
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MWRpy

MWRpy is a Python software to process RPG Microwave Radiometer data and is developed at the University of
Cologne, Germany as part of the Aerosol, Clouds and Trace Gases Research Infrastructure (ACTRIS).

) MWRpy tests |passing

The software features reading raw data, Level 1 quality control, generation of Level 2 data products and visualization.

The data format including metadata information, variable names and file naming is designed to be compliant with the

Used by 1

@actris-cloudnet / cloudnety

Contributors 3
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tobiasmarke

. siiptuo Tuomas Siipola

. . . . data structure and naming convention developed in the EUMETNET Profiling Programme E-PROFILE. Languages
. Retrleval Inhomogeneltles 5 juelich, 29 Oct 2022 Retrievgdtemperatureprofile(multiple pointing) @ Python 100.0%
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We developed MWRpy data processing .
suite including quality control, ;
further updates concerning retrieval Installation
development will follow
> MWRpy already implemented at s
Cloudnet data portal for 8 stations ol
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CE( bservatory for Cloud Evolution):
ern Germany, lowland

Datasets in this study

e JOYCE data from 2011- now
e AWIPEV data from 2012-now
e UFS data from 2010-2022
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Integrated water vapor at JOYCE
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IWV distribution JOYCE 2015-2023 (hourly mean values)

N refers to number of hourly mean IWV values

Month = 01 =5125 Mean = 11.2 kg/m2
onh =62 N =88 een = 13 iams
Month = 04 N = 4905 Mean = 12.3 ki/m2
Month =07 N =5821 Mean = 25.3 k§/m2
Month =11 N =5556 Mean = 14.3 kg/m2
Month =12 N =5769 Mean = 13.1 kg!m2
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PDF of observed IWV

IWV distributions at different sites

IWV distribution Schneefernerhaus 2010-2019 (hourly mean values)
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IWV distribution Ny-Alesund 2012-2023 (hourly mean values)
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Very narrow distribution between December and April in Ny-Alesund, few humid cases (up to 30 kg/m?)

Broader distribution at Schneefernerhaus in spring/autumn
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mean diurnal IWV anomaly (%)

IWV diurnal cycle (seasonal)
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More pronounced diurnal cycle in summer at Schneefernerhaus, no significant signal in Ny-Alesund

- 200
i oDJF 1 B
- Schneefernerhaus ] ]
: e
B SIS
; : o
L 2 -
8
- . 10/
L s L L Lo L . L -20 -
12 18 24 0
Hour of day (UTC)

MY UNIVERSITY
OF COLOGNE

Institute for Geophysics and Meteorology — Bernhard Pospichal et al.

19.06.2024

12
Hour of day (UTC)

1B

ACTRIS

Exploring the Atmosphere

¥



Cloud liquid water path
distribution per month
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Ny-Alesund: Very low LWP frequency in winter

5 UNIVERSITY
) OF COLOGNE

Institute for Geophysics and Meteorology — Bernhard Pospich

PDF of observed LWP

1.000F

0.100

PDF of observed LWP

0.010

0.001

LWP d|51r|but|on UFS 2010 2019 (hourly mean values > 20 g!m2)
I N refers to numbor 01 huurly mean LWP valuss

Momh 01 N ean = g/m2
Momh Mean = ﬁ 3 !{’mz 7
Month = 04 H 544 Mean = 46,5 §/m2 .

Month = 07 N = 4754 Mean = 116.4 §/m2

LWP dIStl'Ibu1|0rI Ny Alesund 2012 2023 (hourly mean values > 20 g!m2)

1000

0.100

0.010

0.001 L. . .

N refers 10 number of ht:nurlyr mean LWP values
Momh 01 N 6598

Mont gg 580 N R yms
Month = Moan = 3.7
Month =83 N=8&%8 Mean= ssogfmz

Month = 07 N = 7437 Mean = 91.1 §/m2

Mean = 48.7 g/m2
Mean = 24.4 g/m2

100 200 200 ADD



Cloud cover Ceilometer /| MWR (yearly variation)

_center moving average of Ceilometer daily mean total liquid cloud cover for Juelich, n= 30 doys ===

total cloud cover
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Cloudnet liquid cloud cover /| MWR

_center moving average of Cloudnet doily mean total liquid cloud cover for Juelich, n= 30 doys

total cloud cover
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Temperature annual cycle

Temperature annual cycle JOYCE 1450m AGL
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Relative frequency

Temperature gradient / inversions (seasonal)
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Temperature gradient UFS 500-200m
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Summary

* | ong time-series of MWR provide climatologies and inter-annual variation
of cloud liquid water, water vapour as well as temperature profiles
(inversions)

e Temperature and water vapour profiles also allow to monitor atmospheric
stability

e Thorough data quality control is mandatory
e ACTRIS-Cloudnet will provide these data for the whole CRS network

e MWR timeseries are valuable for cal/val and combined products with
satellites
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