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Suggestions for  potential ground based observing systems to be 
used in GRUAN operations.

John Nash, T. Oakley, C. Gaffard and J. Jones  
    Upper Air Development, Met Office 

GRUAN Workshop, Lindenberg, 27 February 2008
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Next Generation Upper-Air Network

• ‘Large-scale’ project to produce 
costed options for the future (2010 
– 2020)

• Benefits
• Optimize current network with 

surface and weather radar 

• Meet User Requirements.    (i.e. 
Higher spatial and temporal 
resolution)

• Reduce costs or  deliver more for 
similar cost

 FUND – Future Upper-air Network Development  + 
COST Action ES0702: European Ground-Based 
Observations of Essential Variables for Climate and 
Operational Meteorology (EG-CLIMET) 
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Camborne – Demonstration ‘Test’ Site.
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Ground based remote sensing

• Provides higher temporal resolution than is feasible with 
radiosondes, but height coverage , stability and vertical 
resolution may be much lower than ideally required. 
However can indicate nature of errors /changes in 
radiosonde performance. Can provide evidence on 
representativeness errors of radiosondes .

• Wind profilers come closest to similar accuracy to 
radiosondes, but vertical resolution in stated GCOS user 
requirements seems extremely high compared to any 
operational use, although can be delivered by GPS 
radiosondes. Why???

• Satisfactory cloud measurements require use of laser 
ceilometers and cloud radars in addition to radiometers

• Useful surface based remote sensing of the upper 
troposphere and tropopause is only possible through 
VHF wind profilers and higher powered lidars, which may 
not be suitable for widespread use at the moment.
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Basic variables in the troposphere

1  in operational use, 
2  long term scientific deployments
3 Short term deployments
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Will have different day-night characteristics to radiosondes.
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Basic variables in the troposphere

1  in operational use, 
2  long term scientific deployments
3 Short term deployments

Cannot 
see 
through 
cloud.

?     ?

At 1 km

 probably 
slightly 
better than 
microwave

0-5 
Km?

Infrared

Spectrometer2

Not in 
moderate 
or heavy 
rain

?

About 6 
per cent

At 1 km

About 
750m

0-5 
Km?

Microwave

Radiometer2

LimitationsStabilityAccuracyVertical 
resolution

Height 
range

Water vapour

profile

Will have different day-night characteristics to radiosondes.
GPS Integrated water vapour can be used to verify absolute accuracy.
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Basic variables in the troposphere

1  in operational use, 
2  long term scientific deployments
3 Short term deployments
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Basic variables in the troposphere

1  in operational use, 
2  long term scientific deployments
3 Short term deployments
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Variables not discussed here

• Radiation… see BSRN presentation

• Ozone, carbon dioxide, Methane… see GAW

• Lower stratosphere water vapour needs specialised 
instrumentation not yet available in near operational 
state

• Aerosol  -  sun photometers, etc



© Crown copyright   Met Office

Instrumentation considered
[can be purchased through commercial tender]

• Microwave radiometer

• Infrared spectrometer

• GPS water vapour

• Wind profiler, UHF

• Optical doppler lidar

• Laser ceilometer

• Cloud radar
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12 channel Microwave radiometers
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Radiometer Physics HATPRO

• Filter bank Design – Fast!

• 22-29 GHz – humidity/cloud 

• 51-58 GHz – temperature

• Beamwidth: 3.5° at 22 GHz

• Noise: 0.3-0.4 K for τ=1.0 s 

• Absolute system stability: 1.0K

• Thermal stability: < 0.02 K

• Rain sensor and shutter 
(including a dew-blower)

• Pressure, humidity, temperature 
sensors

• IR-radiometer 

Radiometer Physics’ HATPRO

Humidity And Temperature 
PROfiler
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Microwave radiometer output received at Exeter
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Statistics of Temperature 
Profiles

Retrieval accuracy for:

1) NN 
2) NNelev
3) M-REG 
4) S-REG 
5) S-REGelev 
6) 1D-VAR

Left: Temperature Bias 
Right: Temperature StDev
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Statistics of Humidity Profiles

Retrieval accuracy for:

1) NN 
2) NNelev
3) M-REG 
4) S-REG 
5) S-REGelev 
6) 1D-VAR
7) OEM

Left: Vapour Density Bias 
Right: Vap. Den. StDev



© Crown copyright   Met Office

Mean value of TB difference MWP(DWD) - MWP(IMAA) (31.08.-07.09.2005)
IMAA TB prepared by F.Madonna, IMAA Potenza

Mean TB difference ~1.6 - 1.8 K at 22.23 GHz and 23.83 GHz

Mean TB difference < 1 K  for other channels

Mean TB difference < 0.1 K at 23.03, 51.25 and 52.28 GHz 
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Mean value of TB difference MWP(DWD) - HATPRO (18.10.-31.10.2005)
HATPRO TB provided by U.Löhnert, University Munich

Abs Mean TB difference ~1.8 - 5 K for V band channels between 51 and 55 GHz 

Abs Mean TB difference < 0.8 K  for other channels
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Atmospherically Emitted Radiance Interferometer 
(AERI) 
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Atmospherically Emitted Radiance Interferometer 
(AERI) 
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GPS water vapor
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00.UTC

GPS water vapour in kg.m-2
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12.UTC

GPS water vapour in kg.m-2
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23.01.08, 00.UTC

GPS water vapour in kg.m-2
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Times Series of IWV from GPS, MWR

•3 GPS sites

•1 Microwave 
Radiometer

•Similar 
patterns, 
time-shifted

•MWR higher 
frequency
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Recent FUND Plot GPS vs. 
MP3008 MWR
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Long Term Trend of IWV Difference (RS-GPS) Trend of IWV at Camborne 
June 2001 - Dec 2007
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IWV vs IWV D ifference (RS-GPS) CAM B, HERS + LERW Combined 
00:00 M onthly Averages 2005
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IWV vs IWV Difference (RS-GPS) CAM B, HERS + LERW Combined 
12:00 M onthly Averages 2005
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1 2 :0 0  w it h  = >5  O ct as clo u d  co v er  IW V vs IW V Diff. CAM B (RS8 0 -G PS) 2 0 0 3

1 2 :0 0  w it h  = < 4  O ct as clo u d  co v er IW V vs IW V Diff. CAM B (RS8 0 -G PS) 2 0 0 3
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Vaisala RS80 –GPS at Camborne

Camborne Solar El. vs IWV Diff. (RS80-GPS) June 2001 - March 2005
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Camborne Solar El. vs IWV Diff. (RS92-GPS) May 2005 - Dec 2007

y = -0.0218x + 0.3122
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Jenoptik Laser ceilometer
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915 MHz wind profiler
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04.00 to 07.00
Cloud base from ceilometer about 550m
Top of wind profiler signal, 3.3to  4.2 km



© Crown copyright   Met Office

915 MHz wind profiler
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915 MHz wind profiler, quality evaluation tool 
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915 MHz wind profiler, quality evaluation tool 
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Optical Doppler
 lidar

Halo Photonics
Vertical velocity

Cardington
13.09.07
Starting at 16.00
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94 GHz and 35 GHz pulsed cloud radars
 at Chibolton, UK.
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94 GHz fmcw cloud radar
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13.00 to 16.00
Low cloud base from ceilometer at about 100m 

Top of wind profiler signal, 4 to 4.5 km between 14.00 and 15.00
up to 7.5 km at 16.00, low level max at 1 km
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16.00 to 19.00
Low cloud base from ceilometer probably  on surface 

Top of wind profiler signal up to 7.5 km near16.00,
 low level max at 1 km 
and very low signals below 500m from 16 .00 to 18.00



© Crown copyright   Met Office

Integration Project

• Aims to develop new products from basic 
measurements ofbasic intsruments,

• E.g. more detailed estimates of clouds

• Identification of top of the convective boundary 
layer

• Identifiy significant capping inversions

• Estimates of cloud top

• Estimates of fog depth
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Summary
• Ground based remote sensing is required in 

future upper air networks

• Design of networks needs to be based on a 
knowledge of mesoscale  structure and the 
associated atmospheric structures

• Error characteristics of the remote sensing 
observations must be established for data 
assimilation techniques

• Improved operational practices need to be 
developed  and are not yet readily available

• It is recommended that testbed experiments be 
used to develop the necessary knowledge

• CIMO/WMO  will sponsor experiments
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UFAM Ozone and Aerosol Lidar 
Geraint Vaughan, Emily Norton, Dave Wareing, 
Hugo Ricketts

• The five wavelength ozone profiler is a compact stand alone 
differential absorption lidar (DIAL) system designed by Elight 
uses a Continuum PL8020 Nd:YAG laser in conjunction with a 
multiplexer to pump Raman shifting cells to produce wavelengths 
of 266, 289, 299, 316 and 315 nm. The wavelengths 289 nm, 
299 nm and 316 nm are generated by stimulated Raman 
scattering in three respective Raman cells. The 266 nm light 
beam of the laser pumps the Raman gas cells sequentially by 
means of a continuously triggering multiplexer. These beams are 
expanded and emitted into the atmosphere. Backscattered light 
is collected in a double-coaxial 40 cm diameter telescope 
allowing measurements in both the near and far field and 
detected using analogue photo-multiplier tubes.

• The system uses five wavelength beams in the UV region two 
'on' and three 'off' the absorption cross-section of ozone . The 
attenuation at these wavelengths is measured and used to 
calculate the vertical distribution of ozone and aerosols up to 
altitudes of ~5 km. 

http://www.elight.de/
http://www.elight.de/


© Crown copyright   Met Office



© Crown copyright   Met Office

Questions & answers
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06.00 to 09.00
Low cloud base from ceilometer not well defined
Some cloud at 2 km
Top of wind profiler signal, 3.3 to  4.0 km
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10.00 to 13.00
Low cloud base from ceilometer drops from 850m at 10.00 
to150m at 12.00 and lower afterwards

Top of wind profiler signal, 3 km between 11 and 12
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08.UTC

GPS water vapour in kg.m-2
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18.UTC

GPS water vapour in kg.m-2
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Latest developments in 
radiosondes

• New Sensors on Vaisala RS92

• New LMS Sippican design

• New Modem sensor designs

• New Intermet (SA) GPS radiosonde
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New RS92

Original RS92

Change in VaisalaRS92 sensor design
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Heater

old

new

old new
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LMS Humidity sensor +T sensor
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new

MODEM M2K2
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old

MODEM M2K2
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Modem and Sippican samples are low,
But show general agreement with Vaisala

Night
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Night
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Day

Modem and Sippican samples are low,
But show general agreement with Vaisala
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Day
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Comparison of raw and processed 
temperatures at about 15 hPa in day
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Evidence of humidity contamination in emerging 
from cloud
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Day

Temperature higher than zero deg C
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Day
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Temperature higher than zero
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Some improvement 
In calibration of Intermet 
Temperature sensor
Required 
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GPS winds usually reliable

Difference
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Differences in wind often caused by differences 
in filtering of GPS winds to get rid of pendulum under balloon
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GPS heights should be  very reproducible, 5 to 10 m
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Summary

• Examples of testing newly developed 
radiosonde systems are shown

• Measurement quality achievable now is much 
higher than even 5 years ago.

• Can India benefit from bilateral or regional 
collaboration in developing new radiosondes?


