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The 8th WMO International Radiosonde Comparison took place in Yangjiang,  Guangdong , China  from 13 July until 1 August 2010. This paper will give a brief introduction to what was achieved, but will not include any initial results, although some will presented during the actual presentation at TECO, since data analyses have to be checked carefully before publication by April 2010.

1.
Introduction

Following China’s agreement to host the 8th WMO International Radiosonde Comparison, the  fourth session of the International Organizing Committee (IOC) on
Upper Air Systems Intercomparisons  was held in Yangjiang, China from 

31 August – 4 September 2009. This proposed a test where 10 operational  quality radiosondes were to be tested in two main groups, with a third group of scientific sounding instruments interleaved between the other test flights.  Responsibilities [between China, manufacturers and WMO project team] for organising and paying/importing    the various facilities and consumables were assigned. Information about the agreements was circulated to all the potential participants following the test and difficulties resolved by the WMO Secretariat and the project team. Thus the test was able to start on 13 July 2010, as planned.
2.
Location and facilities

The test site was located at the top of a hill close to the centre of Yangjiang town, about 6 miles inland from the sea. Figure 1 shows the position of the weather radar on the test site, and this building provided the office for the WMO project team, and a meeting room and temporary shop where food and drink could be bought or ordered from the town. Participants were housed in air conditioned rooms at the other end of the hill, see Figure 1.2.  Balloons were launched in the spacious area between the weather radar building, east end of the hill, and the operations and participants offices at the west end of the hill.  

Transport was provided by CMA between the hotel and the observatory site to fit the balloon launch schedules which had to fit within 2 hour windows centred at 02.00, 08.00, 14.00 and 20.00 hour local time.
3.
Participating Systems

After  further negotiations  in early 2010 11 quality radiosondes listed in Table 3.1 were chosen  to participate in the test, and four scientific Sounding Instruments.
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Figure 1.1
Hilltop location of the Yangjiang Atmospheric Observatory.
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Figure 1.2
Antenna on top of the participant rooms, UHF wind profiler at right end of building, Vaisala ceilometer and Radiometrics microwave radiometer [Nanjing University] on the roof 
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Figure 1.3
Preparing to launch comparison  flight.
	Company
	Ground System
	Radiosonde
	Temperature

sensor
	Humidity 

sensor

	Intermet
	iMet-3200
	iMet2
	Bead thermistor
	Thin film

Capacitor(E+E)

	MODEM
	SR2K2
	M2K2DC
	Bead thermistor
	Capacitive

polymer

	Graw Radiosonde GmbH
	GS-E
	DFM-09
	Thermistor
	Thin film

Capacitor(E+E)

	Meteolabor
	ARGUS 37
	SRS-C34
	Thermocouple
	Hygroclip Rotronic

*Snow White hygrometer

	Nanjing Da Qiao machine Co Ltd
	L-Band

GFE1 type
	GTS1-2

digital
	Cylindrical

thermistor
	HS02

Humicap

	JIN YANG
	GL-5000PB
	RSG-20A
	NTC Thermistor
	Thin film

Capacitor(E+E)

	MEISEI Co. LTD
	RD-06G
	RS-06G
	Thermistor
	Capacitance polymer

	Vaisala Oyj
	DigiCora, MW31
	RS92-SGP
	Capacitive wire
	Thin film capacitor, heated twin sensor

	Beijing Chang Feng  

Surface Acoustic wave Co.
	GPS Radiosounding

System
	CF-06-A
	Bead 

resistance
	Thin film

Capacitor

	China HUAYUN
	HY-GTS(U)
	GTS(U)1-1
	Bead thermistor
	Thin film

Capacitor(E+E)

	Lockheed Martin Sippican INC
	LMG6
	GPSLMS6 Radiosonde

GPS Multithermistor LMS6 Radiosonde 
	Chip thermistor
	Thin film

Capacitor(E+E)


Table 3.1 Radiosondes allowed participating  in Quality Radiosonde (QRS)  test flights, Yangjiang, 2010
Radiosondes allowed on Scientific sounding instrument (SSI) flights were:

Cryogenic Frost point hygrometer (CFH)

Meisei fast response temperature sensor

LMS Multithermistor LMS6 Radiosonde 

Vaisala reference radiosonde ( DryCap frost point measurement)

Graw DFM-09 radiosonde [limited number of flights]
4.
Test flights achieved

The test flights performed before the official start of the Comparison, showed that the radiofrequency allocations had to be revised, and also that the scientific sounding instrument flights needed to be separated from  the quality radiosonde group with a time separation of about 2 hours, i.e. the quality radiosonde group  test had to be launched  about 2 hours before or after  the scientific sounding group was launched , in order to stop the SSI systems interfering with the radiosonde test flight in progress. In practice if the SSI instruments were to be tracked after balloon burst then the SSI test needed to be launched after the quality radiosonde test flight.
	Radiosonde
	Radiofrequency normally  used (MHz)

	Intermet
	405.1

	MODEM
	402.4

	Graw Radiosonde GmbH
	404.4

	Meteolabor
	403.6

	Nanjing Da Qiao machine Co Ltd
	1680

	JIN YANG
	401.4

	MEISEI Co. LTD
	403.6

	Meisei Ref
	404.8

	Vaisala Oyj
	402.9

	Vaisala DryCap ref
	405.6

	Beijing Chang Feng  

Surface Acoustic wave Co.
	402.4

	China HUAYUN
	401.4

	Lockheed Martin Sippican INC
	404.4

	LMS Multithermistor
	400.2

	CFH
	402


Table 4.1 
Radiofrequencies usually used in Yangjiang test
With these allocations, participants were generally happy with the reception achieved,  and accepted the limitations of multiple flights on optimum performance , most likely to affect radiosondes designed to work on low transmitted power.

During the test, rest days were planned for 19 July and 27 July, and in practice a third occurred on 22 July when a typhoon passed about 100 km to the west of Yanjiang. An earlier typhoon on 17 July turned away from its predicted track , originally close to Yangjiang , and then moved into Vietnam without causing too much disruption to the observing schedule. 62 quality radiosonde test flights were performed and 10 scientific sounding system test flights. The choice of the site was justified by the excellent vertical structure  in relative humidity obtained in nearly all test flights.
Figures 4.1 and 4.2 show test measurements close to the first typhoon and Figures 4.3 and 4.4 show measurements near the second typhoon. Once the statistical analyses are finalised , it will be shown that the wind measurements were of high quality for all systems , as indicated in Figures 4.1 and 4.3, well able to satisfy the requirements of GCOS for climate monitoring. Temperature differences in the troposphere were small [on average always within ± 0.3K], and divergence in temperatures greater than this only occurred in the daytime at heights above 25 km. Differences in relative humidity had low standard deviations at temperatures higher than -40ºC, and biases between different sensors were higher than the random errors for each sensor type. Below this temperature differences were apparent between the various systems, but  nearly all test flights had significant short term variability in the vertical , allowing the time constants of response of the systems to be examined as a function of temperature.
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Figure 4.1 Simultaneous wind measurements on 17 July with the first typhoon several hundred km to the west of Yangjiang.
[image: image5.png]20
19
13
17
16
15
i
3
12
i
10

ight 17. 020100

LM

INTERMSA

ML

Temperature

JINYANG _ ML_SW
Humidity.

80 70 60 50 40 30 20 10





Figure 4.2 Simultaneous temperature and relative humidity measurements from a daytime  test flight six hours later than that in Figure4.1. Here Snow White [green curve]  provided measurements to lower temperatures , but the values shown here are the Snow white values  judged as reliable reference quality.
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Figure 4.3 Simultaneous wind measurements on 22 July with the second typhoon centred about 250  km to the south of Yangjiang
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Figure 4.4 Simultaneous temperature and relative humidity measurements from a daytime  test flight 31 hours later than that in Figure 4.3 with the typhoon to the north west of Yangjiang. In this case, the test flight passed through two low clouds, tops at 0.8 and 3.3 km, and a large amount of cirrus at upper levels, see also Figure 5.4(b). 

The main additional effect from the passage of the monsoon was to leave behind a thick layer of cirrus lasting for several days. The record of the burst heights achieved in the test is shown in Figure 4.5. This shows that in the early stages the balloons were not performing very well at night, so the decision was made to use the normal 2000g balloon in the daytime and a double balloon at nights. The low bursts in Flight 37,38 and  41   were associated with the thick cirrus, which leads to a very cold infrared environment above the cloud, so that the balloons cool too much and lose plasticity, apart from the effects of any ice accumulated on the balloon during ascent. Flights 51 to 53, 57 and 62  also were above thick cirrus, often generated by thunderstorms close to Yangjiang during the day. The problem seemed worse at 20.00 local time since, the cirrus often dispersed later in the night, so for the last two days, operational test flights were switched from 20.00 to 02.45 and satisfactory heights were then always achieved. Flight 61 came to the end in the middle of a thunderstorm, and in one other flight several radiosondes  were damaged by electrostatic discharge on the edge of a thunderstorm.
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Figure 4.5  Burst heights and pressures achieved for the test flights in the Yangjiang Comparison

5.
Remote sensing

Various remote sensing systems were deployed in Yangjiang for the duration of the  radiosonde Comparison. Observations obtained to date by the WMO team, were GPS total water vapour [ from the site and surrounding network], wind profiler winds at radiosonde launch times, pictures of cloud radar output from a cloud radar located about 2.5 km from the observatory site, S-Band weather radar pictures , and Vaisala CL51 output.


Figures 5.1 and 5.2  show the UHF wind profiler measurements obtained at the same time as the test flights in Figures 4.1 and 4.3, and Figure 5.3(a) to (c) show S-Band  weather radar measurements from Yangjiang  at the same time as Figure 4.2, 4.3 and 4.4 respectively.
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Figure 5.1 Comparison of wind profiler wind at the same time and 15 minutes later with the radiosonde measurements associated with the first typhoon in Fig.4.1.
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Figure 5.2  Comparison of wind profiler winds at the same time and 15 minutes before and after  with the radiosonde measurements associated with the second  typhoon in Fig.4.3. 
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(a) centre of typhoon other side of Hainan island, 17.07.10 
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(b) centre of typhoon to south of Yanjiang, 21.07.10
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(b) centre of typhoon to northwest of Yanjiang, 23.07.10

Figure 5.3 S-band weather radar pictures from Yangjiang radar, range circles from 50 to 200 km  and then 225 km, time UTC.
 Output available  from the 35 GHz polarised Doppler cloud radar, operated in Yanjiang town during the test is illustrated by the pictures in Figure 5.4 (a) and (b). More detail and access to the data can be obtained by agreement with China Meteorological Administration,
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Figure 5.4 (a)
 PPI scan showing backscattered signal, depolarization ratio, horizontal wind speed, vertical wind speed, and range circles at 5 km intervals at the same time as Figure 5.3(c) and Figure 4.4, CMA cloud radar, Yangjiang
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Figure 5.4 (b)
Range height cross section of  backscattered signal, depolarization ratio, horizontal wind speed, vertical wind speed,  from 35 GHz cloud radar, Yanjiang at a similar time to radiosonde measurements in Figure 4.4.
6.
 Conclusion

The field test phase of the  WMO Radiosonde Comparison has been successfully concluded, and work must start in order to complete the final report on the Quality Radiosonde Systems and the relation ship to SSI instruments by March 2010.

There are significant issues to be discussed and resolved  which can be expected to lead to further refinement of planning for GRUAN and GUAN and Members operational networks 
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