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Abstract

The replacement program of Chinese upper-air sounding system started since 2002 had been completed successfully. The new system is constituted of L-band radar and digital radiosonde. CIMO will organize the 8th WMO intercomparison of radiosonde systems (WMO​RSO​8) at Yangjiang station nearby Hong Kong, China, 2010. The Chinese L-band system will take part in the comparison also. Therefore, the accuracy of the L-band radiosonde is concerned by comprehensive upper-air specialists and data users. We have evaluated the performance of Chinese upper-air observations (OB) using First Guess (FG) fields as a reference for many years and discovered that the average (OB-FG) bias can be used to indirectly compare the measurements of radiosondes released at nearby stations. In this paper, we introduced the results of indirect comparison between Hong Kong using Vaisala’s RS92 and its 4 neighboring stations using GTS1 (L-band sonde, made in Shanghai). The statistics showed that there were significant differences of the temperature and geopotential height between GTS1 and RS92. The differences varied clearly not only from day to night but also at different season in a year. These results may be helpful for data analysis of the WMO​RSO​8. And then we introduce the results of indirect comparison between GTS1 and other new types of sonde used at different regions of China and at different seasons in a year.
1 Introduce
Until 2010, the replacement program of Chinese upper-air network composed of 120 stations started since 2002 had been completed successfully. The new system is constituted of GFE(L) L-band radar - GTS1 digital radiosonde. Comparing to the old P-band radar-GZZ2 mechanical radiosonde system, the data collecting rate, sounding accuracy, anti-interfering capability and automation degree of the new system are improved much more [1, 2, 3]. As a interim transition, the GZZ2 mechanical radiosonde of 22 P-band radar stations was altered to digital sonde since 2007 and now these stations had been equipped also with the GFE(L)- GTS1 system at last. Most of the GTS1 sondes used at network are manufactured at Shanghai, only small part of which produced at Nanjing (named GTS1-2) and Taiyuan (named GTS1-3) since September 2009. 
CIMO had decided to organize the 8th WMO intercomparison of radiosonde systems (WMO​RSO​8) at Yangjiang station nearby Hong Kong, China, 2010. The Chinese L-band system will take part in the comparison also and hence the measuring accuracy of the system is concerned about by comprehensive upper-air specialists and data users. 
It is well known that the systematic differences, random errors can be directly determined by a series of twin flight in each of which two radiosondes are suspended under the same balloon and their observing results are compared directly[4, 5]. However, the observation errors of the sonde are related to the local observing time of the day, season in a year and locality on the earth. So it is advisable to organize the intercomparison at different time of the day, different season in the year and different locality in the country. For reduce the affect of the random errors of measurement to the average results, 15 ascents at a minimum are considered necessary to every intercomparison experiment. However, the radiosonde is a consumable and the expense for a great deal of comparison is too high. Furthermore, the measuring error of the sonde in the twin flights may be different in some degree than that usually experienced in single radiosonde ascents [6], the comparison results of the twin flight or many sondes intercomparison (in which more than two radiosondes are hung at the end of the bamboo, about 1 m below the bamboo cross level) may inconsistent in some degree with that in the single flight.
Since 2001, following the ECMWF, the daily performance of operational upper-air observations has been monitored in China using “first guess” (FG) fields as a background reference [7]. The differences between the station’s observation data (OB) and the FG fields, namely (OB-FG) bias are very useful for the evaluation of the quality of the observation data. With the passage of time, we have found gradually that the (OB-FG) bias can be used to statistically analyze the relative observation error of the different types of sonde released at nearby stations, namely can be used to indirect comparison of the different types of sonde. 

The abundant statistical results indicated that the differences of the average (OB-FG) bias between same types of sonde ascending at nearby stations are very small however are notable between other sondes. The Vaisala’s radiosonde RS92 has been used at Hong Kong since 2007 and the GFE(L)- GTS1 system has been used at its surrounding stations not later than 2007. So at first in this article, we introduced the statistically calculated differences of the average (OB-FG) bias between GTS1 and RS92. The statistics showed that there were clearly systematic differences of the temperature and the geopotential height between GTS1 and RS92 and the differences changed obviously with the observation time of the day and season in a year. Secondly, the systematic differences between GTS1 manufactured at Shanghai and GTS1-2 manufactured at Nanjing which will attend the 8th WMO intercomparison of radiosonde systems at Yangjiang station were also calculated indirectly using average (OB-FG) bias. The statistical results from Sep. to Nov. 2009 showed that the systematic differences of the temperature and the geopotential height were not remarkable besides at upper layers. Thirdly, the results of indirect intercomparison of radiosondes used at Xinjiang Uyghur Autonomous Region showed that the observation records of digital sonde GTS(U)-2 applied to the old P-band radar were very unwonted.  
The indirect intercomparison of multifarious radiosondes flight at Chinese network showed that the first guess (FG) fields can be used not only to the monitoring of the unwonted daily records but also to the statistical calculation of the systematic differences of the temperature and the geopotential height between the different types of radiosonde released at nearby stations.
2
Feasibility of indirect intercomparison of radiosonde using FG fields as a reference
If different types of sonde are used at neighboring stations, the difference of their measurements may result from two reasons: one from the different measuring errors of the sondes and other from the horizontal variation of the meteorological elements due to the weather situation. It is well known that, on the average, the FG fields have reflected basically the spatial change of the meteorological elements due to the weather situation. Therefore, it is possible that the horizontal variation of the meteorological elements due to the weather situation can be eliminated if we compare the average (OB-FG) bias from the neighboring stations. That is to say the FG fields can be used as a reference when we compare indirectly the different types of radiosonde flight at neighboring stations.

2．1
Horizontal variation of the meteorological elements due to the weather situation

To find out the degree of the horizontal variation of the meteorological elements due to the weather situation, the differences of the temperature and the geopotential height at standard levels between neighboring stations which released the same GTS1 sondes were statistically calculated. Fig.2.1 shows the 4 year average differences of the observation reports of the temperature and the geopotential height at standard levels between the nearby stations Wuzhou and Yangjiang (see Fig.2.2) which released the same radiosonde of GTS1 since 2005 to 2008. 
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Fig.2.1 Four year average differences between the observation reports from stations of Wuzhou and Yangjiang, 2005-2008

(Red lines denote differences at 07:00 (Beijing Time), blue lines denote differences at 19:00；left lines show differences of geopotentials, right lines show differences of temperature)


It was clearly that the differences were obvious either at night or in daytime. The maximum temperature difference was more than 0.5℃ and the maximum difference of geopotential height was more than 15gpm. This difference should be from the spatial variation of the meteorological elements due to the weather situation because the radiosondes used at the two stations were of the same GTS1.
2.2 
Comparison of the average (OB-FG) bias from Hong Kong and its 4 neighboring stations
The Vaisala’s RS92 sonde has been used at Hong Kong not later than 2007. And there were 4 neighboring stations released continuously GTS1 sonde from Sept. 2007 to Aug. 2009, see Fig.2.2. So we can use the month average (OB-FG) bias of these 5 stations to statistically calculate the systematic differences between GTS1 and RS92.
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Fig.2.2 Distribution map of two types of radiosonde station including Hong Kong and 4 neighborhood
(Red dot indicates Hong Kong releasing RS92 sonde, blue triangles denote 4 neighboring stations releasing GTS1 sonde)

Fig.2.3 and Fig.2.4 show the 2 year average (OB-FG) bias of these 5 stations in daytime and at night respectively.
[image: image3.png]= Foral [E=]E

2008-2009%F PHIL. #EM. #F. k. FRGHRESEEMAEE. BE

Shiflis Tz L-RS92 074
Pressure [hPal
20
30

100

150
200
250
300
400
500

700

838

-60 -30 0 -1.0 0 1.0
Geopotential difference [gpm] Temperature difference [TC]

i FHYT M &P sk

= 38 o FEER ~ I8 ~ Fornt




Fig.2.3 Two year average (OB-FG) bias for Hong Kong and 4 neighboring stations at 07:00 (Beijing Time) from Sept. 2007 to Aug. 2009 
(Blue lines denote the bias for Hong Kong, aqua lines denote the bias for Yangjiang, light blue lines denote the bias for Wuzhou；red lines denote the bias for Lianping and pink lines denote the bias for Shantou; left lines show the bias of the geopotentials, right lines show the bias of the temperature)
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Fig.2.4 Two year average (OB-FG) bias for Hong Kong and 4 neighboring stations at 19:00 (Beijing Time) from Sept. 2007 to Aug. 2009 

(Blue lines denote the bias for Hong Kong, aqua lines denote the bias for Yangjiang, light blue lines denote the bias for Wuzhou；red lines denote the bias for Lianping and pink lines denote the bias for Shantou; left lines show the bias of the geopotentials, right lines show the bias of the temperature)

It is clearly seen that there were only little differences of the 2 year average (OB-FG) bias between 4 GTS1 stations however the 2 year average (OB-FG) bias of Hong Kong was very different from that of the 4 GTS1 stations especially in daytime. This discrepancy should be considered as the 2 year average difference between GTS1 and RS92.
3
Results of the indirect intercomparison of GTS1 and RS92 using FG fields
Fig.3.1 shows the differences of the 2 year average (OB-FG) bias between GTS1 and RS92 at 07:00 and 19:00 (Beijing Time) respectively. The differences should be considered caused mainly by the different performance of GTS1 and RS92 and hence should be considered as the systematic differences within two years between GTS1 and RS92. Because the 4 GTS1 stations surrounded around Hong Kong, the influence of the horizontal variation of the meteorological elements due to the weather situation ought to be fewer. 
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Fig.3.1   Indirect intercomparison results between GTS1 and RS92 obtained from 2 year average (OB-FG) bias
(Blue lines denote systematic differences at 19:00, red lines denote systematic differences at 07:00)                                                                                                       
The statistics revealed that the 2 year average differences of the temperature and the geopotential height between GTS1 and RS92 at troposphere at night (19:00) are very small. At high altitude, the temperature of GTS1 became on the low side compared with RS92 and the more the altitude reached the more the difference increased. At 20hPa, the temperature of GTS1 was lower more than 1℃ compare with that of RS92. Corresponding to this, the geopotentials of GTS1 was also lower than that of RS92 and reached more than -30gpm at 20hPa. According to the results of several times of direct intercomparison with GPS, the pressure measured by GTS1 was lower about 0.7hPa at high altitude and this may be the main factor resulting in the lower readings of the temperature and hence the geopotentials of GTS1 at high altitude. Comparing with at night time, the measured temperature by GTS1 was higher in a certain extent in daytime. The temperature differences between GTS1 and RS92 reached about 0.4℃ especially at middle and high layers of the troposphere. And this resulted in that the more the altitude reached the more the difference of the geopotentials increased at troposphere and the maximum difference reached to about 20gpm at 100hPa pressure layer. Comparing with at night time, the calculated geopotentials by GTS1 was higher in a certain extent at high altitude in daytime and the differences of geopotencials between GTS1 and RS92 was only about -10gpm at 20hPa layer.
Furthermore, the statistical results of the systematic differences between GTS1 and RS92 in daytime (07:00) demonstrated obviously a seasonal variation. Fig.3.2 showed the 3 month average differences from Jan. to Mar. (blue), Jun. to Aug. (red) and Sep. to Nov. (pink) in daytime. The maximum temperature differences between the different seasons reached about 0.5℃ at lower and higher altitude. The geopotentials differences between the different seasons increased with the height and reached a value more than 25gpm at 20hPa. The factors resulting in the seasonal variation of the systematic differences between GTS1 and RS92 in daytime were complicated. On the side of GTS1, the different status of sunlight, cloud layer and earth’s surface can result in a different remainder of the solar and long wave radiation error. 
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Fig.3.2 Seasonal variation of the indirect comparison results between GTS1 and RS92 at 07:00
(Blue lines denote average differences from Jan. to Mar., red lines denote average differences from Jun. to Aug., pink lines denote average differences from Sep. to Nov.)


Fig.3.3 showed the systematic differences between GTS1 and RS92 at different season in a year at night (19:00). The seasonal variation was not very clear comparing with that in daytime.
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Fig.3.3 Seasonal variation of the indirect comparison results between GTS1 and RS92 at 19:00
(Blue lines denote average differences from Jan. to Mar., red lines denote average differences from Jun. to Aug., pink lines denote average differences from Sep. to Nov.)

4
Result of indirect intercomparison of GTS1-2 and GTS1

Since Sep. of 2009, the manufacturer (located at Nanjing) of the L-band radar began to provide L-band radiosonde named GTS1-2 at some stations. The GTS1-2 will take part in the 8th WMO intercomparison of radiosonde systems at Yangjiang, therefore if there is clear difference between GTS1-2 and GTS1 is also concerned by every aspect. Fortunately, from Sep. to Nov. of 2009, the GTS1-2 had replaced the GTS1 released at Yangjiang station for 3 months. Therefore, we had a scarce opportunity to make indirect intercomparison between GTS1-2 at Yangjiang and GTS1 at nearby Wuzhou (see Fig.2.2). 
From Sep. to Nov. of 2006-2008, the Yangjiang and Wuzhou released together the GTS1 sonde. From Fig.4.1, we can see that there were no clear differences of the 3 month average (OB-FG) bias of 3 years between Yangjiang and Wuzhou. 
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Fig.4.1 Indirect comparison results between Yangjiang and Wuzhou GTS1 stations obtained by using of the 3 month average (OB-FG) bias from Sep. to Nov., 2006－2008
(Red lines denote the value of Yangjiang-Wuzhou in daytime (07:00), blue lines denote the value of Yangjiang-Wuzhou at night (19:00))

However, from Sep. to Nov. of 2009, the differences of the 3 month average (OB-FG) bias between Yangjiang and Wuzhou were very obvious (see Fig.4.2). The temperature from GTS1-2 was lower than that from GTS1 in some extent at lower troposphere but higher at stratosphere especially in daytime. The geopotentials from GTS1-2 was lower than that from GTS1 in some extent at troposphere and at stratosphere at night but higher at stratosphere in daytime. 
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Fig.4.2 Indirect comparison results between Yangjiang’s GTS1-2 and Wuzhou’s GTS1 obtained by using of 3 month average (OB-FG) bias from Sep. to Nov., 2009

(Red lines denote the value of Yangjiang-Wuzhou in daytime (07:00), blue lines denote the value of Yangjiang-Wuzhou at night (19:00))


If we replace Wuzhou by Hong Kong, we can obtain the indirect comparison results between GTS1-2 and RS92 using the 3 month average (OB-FG) bias from Sep. to Nov. of 2009 (see Fig.4.3). It can be seen that the temperature of GTS1-2 was higher in some extent than that of RS92 in daytime but lower especially at high altitude at night. The maximum temperature difference reached to about 0.5℃ in daytime and -1℃ at night. The geopotentials of GTS1-2 was higher than that of RS92 in daytime but lower at night. The more the altitude reached, the more the difference increased. 
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Fig.4.3 Indirect comparison results between Yangjiang’s GTS1-2 and Hong Kong’s RS92 obtained by using of average (OB-FG) bias from Sep. to Nov., 2009

 (Red lines denote Yangjiang-Hong Kong in daytime (07:00), blue lines denote Yangjiang-Hong Kong at night (19:00))

From Fig.3.2, we can see that the temperature and the geopotentials differences between GTS1 and RS92 were lower in some extent in the season from June to August than that from September to November. If this phenomenon is effectual also to GTS1-2, the differences between GTS1-2 and RS92 from the direct intercomparison of 8th WMO intercomparison of radiosonde systems at Yangjiang, July, 2010, may be lower also in some extent especially at high altitude than that showed in Fig.4.3 if the performance of GTS1-2 is kept consistent at all. 
5
Indirect intercomparison of GTS(U)-2 and GTS1


The old mechanic GZZ2 sonde of 4 P-band radar stations at north Xinjiang Municipality (see Fig.5.1) was switched to GTS(U)-2 digital radiosonde from 2007 to 2009. The GTS(U)-2 sonde was produced at Tianjing of China. According to the results of indirect comparison with 3 surrounding GTS1 stations, the serious problem of GTS(U)-2 was discovered.
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Fig.5.1 Distribution map of two types of radiosonde station at middle and north area of Xinjiang.
(Black circles denote GTS(U)-2 stations, blue triangles denote GTS1 stations)


From Dec. to Feb. of next year, it is exactly at night in the middle and north area of Xinjiang when the radiosonde released at 07:00 or at 19:00. Usually, the observing error is less at night than that in daytime. Fig. 5.2 showed that the 3 month average (OB-FG) bias of 3 GTS1 stations was very consistent not only at 07:00 (red) but also at 19:00 (blue) and there were not obvious differences of the 3 month average (OB-FG) bias between 07:00 and 19:00. 
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Fig.5.2 Three month average (OB-FG) bias of three GTS1 stations at night

(Red lines denote average（OB-FG）bias at 07:00, blue lines denote average（OB-FG）bias at 19:00)

However, the 3 month average (OB-FG) bias of 4 GTS(U)-2 stations were very disagreement between 07:00 (red) and 19:00 (blue) that the average (OB-FG) bias at 07:00 were lower much than that at 19:00 (see Fig.5.3). 
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Fig.5.3 Three month average (OB-FG) bias of four GTS(U)-2 stations at night

(Red lines denote average（OB-FG）bias at 07:00, blue lines denote average（OB-FG）bias at 19:00)

Furthermore, from Fig.5.4, it can be seen that the 3 month average (OB-FG) bias of GTS(U)-2 (red) at 19:00 (thin) were closed to that of GTS1 (blue) but the average (OB-FG) bias of GTS(U)-2 at 07:00 (thick) were depart from that of GTS1 very much. 
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Fig.5.4 Three average (OB-FG) bias of three GTS1 stations and four GTS(U)-2 stations at night

(Red lines denote average（OB-FG）bias of GTS(U)-2 , blue lines denote average（OB-FG）bias of GTS1, thick lines denote flight at 07:00, thin lines denote flight at 19:00)

Fig.5.5 showed the systematic differences of the temperature and the geopotential heights between GTS(U)-2 and GTS1 from Dec. to Feb. next year. At 07:00, the temperature difference between GTS(U)-2 and GTS1 was about -0.5℃ at lower altitude and increased to about -1℃ at high altitude. And the geopotential difference between GTS(U)-2 and GTS1 was from zero near the surface increased to -75gpm at 20hPa. Comparing to 07:00, the systematic differences of the temperature and the geopotentials between GTS(U)-2 and GTS1 at 19:00 were less excepted at high altitude.
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Fig.5.5 Systematic difference between GTS(U)-2 and GTS1 at night

(Red lines denote difference at 07:00, thin lines denote difference at 19:00)

From Jun. to Aug., it is exactly in daytime in the middle and north area of Xinjiang when the radiosonde released at 07:00 or 19:00. Because of the complexity of the solar radiation error the differences between GTS(U)-2 and GTS1 in daytime were complicated in some degree. However, the analytical results showed that the 3 month average (OB-FG) bias of 4 GTS(U)-2 stations was also very disagreement between 07:00 and 19:00. And the 3 month average (OB-FG) bias of GTS(U)-2 at 07:00 was also depart from that of GTS1 very much. So it is not introduced here verbosely.
6 Summary

The homogeneity of the upper-air observation records is always important and concerned by related aspects. The organization of direct intercomparison of different types of radiosonde by such as twin-flight is one of the main measures especially in the early days of a new type radiosonde. However, our statistical calculations for many years and for various situations showed that the implementation of indirect intercomparison of different types of sonde released at nearby stations using First Guess fields as a reference may be also one of the important measures especially for the routine observation reports if there are different types of sonde deployed at upper-air network. Now there are three types of GTS1 sonde applied at Chinese network and there will be more than two types of GPS sonde applied at stations soon. The work of indirect intercomparison of different types of sonde using First Guess fields as a reference will be more meaningful.
If the main purpose is only to qualitatively check up if there is unusual difference between two types of radiosonde, only one month or less records and only two nearby stations are sufficient. For example, Fig.6.1 had showed clearly the abnormal difference at 07:00 between Wulumuqi and Kurle (see Fig.5.1) in January 2008. If the main purpose is to quantitatively determine the systematic difference or correction value of two types of sonde, then more than one year’s records are required. If there are more than two nearby stations available, the obtained systematic difference or correction value is more credible. 
[image: image16.png]= Foral [E=]E

B EBP B IR A s 5 L Bk
1 A FRSEEMSEE. BESVEZNTFHE
Pressure [hPal
20

30

50

70

100

150
200
250
300
400
500

700

838

-150 -100 -50 0 -1.0C 0T 1.0C
Geopotential difference [gpm] Temperature difference [TC]

Lk LER aLR. R L. 07 L% 198

~ Fornt o FiEER

= 5]

~ I8




Fig.6.1 One month average (OB-FG) bias of Wulumuqi and Kurle in January 2008
(Red lines denote average（OB-FG）bias of GTS(U)-2 , blue lines denote average（OB-FG）bias of GTS1, thick lines denote flight at 07:00, thin lines denote flight at 19:00)

Reference
[1]
Guo Yatian, Huang Bingxun, Hu Deyun, et al. Correction for Bias of Chinese Upper-Air Measurements.WMO TECO 2002, 1.2(7).

[2] Li jiming, Feng Deli. New Radiosonde for Chinese Ground Equipments. WMO TECO 2000, 1.2.1（7）.

[3] LI Feng. New Development with Upper Air Sounding in China.WMO TECO 2006, 2（1）.
[4] WMO. Guide to Meteorological Instruments and Methods of Observation, Sixth edition. WMO No.8. 1996.

[5] A. Ivanov, A. Kats, S.Kurnosenko, et al. WMO International Radiosondes Comparison，PHASE III， Final Report. WMO/TD-No.451，1991.
[6] J. Nash, et al. WMO Intercomparison of High Quality Radiosonde Systems. WMO/TD- No.1303.

[7] Zhiqiang Zhao，Bingxun Huang. Some Step of Quality Control of Upper-Air Network Data in China.WMO TECO 2005, P3（04）.
