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Abstract 
The 8th WMO intercomparison of radiosondes and integrated remote instruments experiment 

has provided abundant high quality data, which help to analyze the capability of radiosondes, and 
evaluate infrared-radiation impact on temperature sensor and humidity sensor bias. By this 
experiment, China-made X-band polarization radar and Ka-band cloud radar merits and dismerits 
got evaluated, and also to lidar, MPL, Ceilometer and so on. Some studies have been done to 
improve the key algorithms such as microwave radiometer temperature and humidity 
measurement, the X-band and Ka-band radars’ echo attenuation correction, Doppler wind field 

retrieval，cloud classification and upper air wind measurement. Furthermore, the local clouds，

tropical convective system and sea-land wind systems were detected by using the remote 
instruments, and the results are delighting. Similarly, this experiment also has made a good case 
for researching how to preferably organize integrated remote instruments observation test in the 
future.     
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1. Introduction 
 To improve the accuracy and consistency of global upper air meteorological observations, 

the World Meteorological Organization (WMO) had held seven intercomparison experiments of 
radiosondes from 1984 to 2005 so as to evaluate the levels of radiosonde operations in different 
countries around the world and to test and assess the new sounding technology and equipment [1-4]. 

In July 2010, the 8th International Intercomparison of High-quality Radiosonde System 
organized by WMO was held in Yangjiang of Guangdong province, China. In order to improve the 
scientific value of this test, Meteorological Observation Center of China Meteorological 
Administration (CMA) co-held a remote-sensing observation experiment in Yangjiang during the 
corresponding period together with more than 10 meteorological observation technology research 
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institutes and equipment manufacturers.   
During the test period of 20 days from July 12 to 31, twenty kinds remote instruments were 

used to conduct series of observation tests, including 1 S-band weather radar, 2 X-band dual 
polarization Doppler weather radars, 2 Ka-band cloud radar, 2 wind profiler radars, 2 Micropulse 
lidars (MPL), 2 ceilometers, 2 microwave radiometers, 2 infrared cloud measuring instruments, 2 
all-sky imagers, and so on. So, the verification test to radiosondes was successfully done, 
achieving detailed observations on some special weather systems and boundary layer structures 
over the adjoining areas of the South China Sea, of which there was the observation on the genesis 
and development of tropical cumulus over the South China coastal zone, the boundary layer 
structure observation in Yangjiang region, land and sea breeze observation over the South China 
Sea, the observation on the external cloud systems of the typhoons No. 2 “Conson” and No. 3 
“Chanthu” in 2010 as well as some tracking observations on the localized weather processes. This 
was a test that really did the simultaneous observation by using multiple equipment on the same 
target. In fact, it was the first time to use so many kinds of instruments with so advanced 
performance among the outfield experiments of detection equipment observation which had been 
organized domestically.  

Through doing this experiment, various kinds of observation data of 200G have been 
obtained and some data have been submitted to WMO as important assistant information to help 
evaluate the technical performance of the sounding system. In order to tap the scientific values of 
the data, the Meteorological Observation Centre, CMA, has compiled all the observation data 
collected from the 8th WMO  Intercomparison of Radiosondes and Integrated Remote 
Observation Experiment and in October 2010 the Scientific Dataset of the 8th WMO Radiosonde 
Intercomparison Experiment in Yangjiang was printed out, which was shared by many co-research 
units so that more studies can be done and maximizing achievements can be gained from this 
experiment. Through one year’s hard work, “WMO Assessment Report on the Intercomparison of 
Radiosonde Systems” has been issued. In addition, using the data of the experiment in Yangjiang, 
each participating unit also did some scientific researches such as the performance evaluation of 
the China-made remote instruments, the research on improving the observation technology 
algorithm, analysis on the observation characteristics of macroscopic and microcosmic structure of 
tropical cloud rains, the study on the specific atmospheric structure in Yangjiang region as well as 
on the integrated observation test method, etc., and they have obtained some success[5]. This paper 
is to introduce the application of the remote-sensing data and the research results of the Chinese 
remote observation included in the “WMO Assessment Report on the Intercomparison of 
Radiosonde Systems”[6]  (hereinafter referred to as WMO Assessment Report). 

 
2. Brief introduction of the experiment 
2.1 Design of the intercomparison of radiosondes and the remote instrument experiment  
    The major objectives of this experiment are that, by comparing the observation data from 
radiosondes and various remote equipment, analysis and verification is to be done to finish the 
error analysis and performance evaluation of some China-made remote instruments including 
X-band dual polarization radars, wind profiler radars, cloud radar, MPL and cloud automatic 
observation equipment and other remote-sensing systems; to conduct an integrated observation 
experiment with the instruments like radiosondes and various remote equipment in the same 
region, and do the research on the integrated observation methods of multiple observation 



instruments; to conduct the observations on tropical specific atmospheric structures, intracloud 
hydrometeors and cloud classification to obtain detailed data to develop the research on the 
evolution characteristics of typical tropical weather systems by using high quality radiosondes and 
remote instruments. 

To attain the goal of comparing the sounding observations of different equipment, it is 
necessary to realize the synchronism of the observed space, so in order to realize the continuous 
observation on atmospheric column and the same target and continuously obtain the vertical 
profiles and detailed cloud structure of atmospheric elements (temperature, humidity, pressure and 
wind), when doing this test we put 1 profiler radar, 2 MPLs and 1 microwave radiometer at the 
sounding release point, 2 Ka-band cloud radar and 2 X-band dual polarization Doppler weather 
radars at different locations about 3km away from the observing station (Fig. 1).  

 
Fig.1. The design scheme and layout of radiosonde inter-comparison and remote instrument 

experiment in Yangjiang 
 
2.2 Test process and sample obtainment 

There were 16 types of high accuracy GPS radiosondes which were used in this global 
radiaosonde intercomparison experiment. We launched a total 72 balloons which separately 
bringing 4, 5 or 6 in different test groups, and we did this 4-6 times every day, respectively at 7:00 
(operation), 8:30, 12:45, 14:45, 19:00 (operation), 20:00, 00:45 and 02:45. By the balloon-release 
activities at the above-mentioned time, we inspected the detection capabilities of the radiosondes 
at various time windows and under different weather conditions and radiation influence situations. 
During this period, laser ceilometer, MPL laser radar, GPS/MET, profile radar, microwave 
radiometer and other fixed remote equipment did air observations 24 hours continuously while 
cloud radar and X-band radar followed the globe, observing with RHI model, and they did about 
60 times in total. These instruments tried to collect the sounding data with synchronous space and 
time for the convenience of intercomparison. In addition, aiming at the developing process of the 
typical convective clouds in Yangjiang tropical region, we also did the intercomparison 
observation many times with cloud radar and X-band radar. And more, during the experiment, we 
went through the No. 2 and No. 3 typhoons in 2010, which supplied very god observation samples 
for those instruments.  
 
3. Brief description of the test results  
3.1 Verification of the detection performance of radiosondes  



This remote-sensing experiment offered very good assistant observation data for global 
radiosonde intercomparison, having played a significant role in the respect for WMO to evaluate 
the detection performance abilities of the temperature and humidity sensors of various 
radiosondes.  
(1) Assessment on the influence of upper-air infrared radiation 

In the WMO Assessment Report, it was verified by using the cloud radar data that, when 
there are clouds in the stratosphere, typical heat exchange effect of infrared radiation can be 
produced. Whether it is daytime or nighttime, this effect can cause the temperature of sensors to 
drop 0.2K and the cooling effect appears even stronger near the tropopause (Fig. 2). The 
assessment results suggest that such phenomenon is not caused only by infrared heat exchanges.  

According to the impact of infrared radiation on different coating radiosondes, the WMO 
Assessment Report also pointed out that the white-painted temperature sensor which has the 
feature of fast response can be affected by the temperature variation after it gets into clouds, 
leading to the change of its response ability. This kind of sensors is not suitable for the future 
climatic observation researches.  

 
Fig.2. Analysis of night temperature errors from LMS multi-black sensor radiosondes.  

 
(2) Humidity identification and detection of cloud radar and ceilometer 

The Ka-band cloud radar used in this test can identify thick ice crystal clouds with height to 
16Km, and has assisted, in many ballon-release experiments, to estimate cloud layers, assess and 
analyze the relative humidity observations when radiosondes get through clouds. The WMO 
Assessment Report said that in most balloon-release tests pictures from laser ceilometer and cloud 
radar are of great value in utilization. Analyzing the two kinds of images integratedly can fully 
describe the surrounding situation or even can judge the adverse circumstances inside clouds, 
helping estimate the danger of balloon-release.  

What is more important is, combined with temperature profiles, the cloud observations of 
cloud radar and ceilometer can also help analyze the intracloud hydrometeor particles phase, 
judging whether the radiosondes get frozen so that the observation data is missed. Based on the 
statistics of the WMO Assessment Report, among the 72 launched balloons, the cloud radar 
images from 54 balloons can be used. They are used to estimate the probability of radiosondes to 
go through clouds, helping identify the infrared radiation cooling that the white-painted sensors 



and black-white sensors have experienced, judging when the radiosondes gets through the cloud 
top near the tropopause in the process of launching balloons at night and, then, analyzing the 
variation features of the sensors.  

Fully integrating the observation information of cloud radar, WMO has also done the 
statistics on the systematic errors of every-type sensors in different temperature and humidity 
thresholds, achieving quantitative assessment results[6] (Fig. 3).  

 

Fig.3. Detection results of every-type 
radiosondes within different 
temperature and humidity thresholds in 
cloudy skies, combined with remote 
observation data.   

 
 
(3) Vapour measurement comparison between China-made GPS/Met and radiaosondes  
    For this experiment, China provided the total GPS/MET water vapour amount of the 5 
observing stations in Yangjiang, Enping, Yangchun, Luoding and Xinxing. These data were 
compared with the vapour detection data of every-type radiosondes, resulting in the system 
deviation assessment. The WMO Assessment Report shows that, generally speaking, the GPS 
vapour data of Yangjiang station is the same as the result of the sounding experiment. By 
comparing the vapour values of radiosondes and GPS observations, the system error values of the 
radiosondes in daytime and nighttime were obtained, which proves again that in the past 
international intercomparisons of the radiosondes which detected smaller difference of vapour 
values between day and night in the lower troposphere show smaller gap between the day and 
night values when compared with GPS.  

Therefore, it is concluded that the system deviation for GPS to measure vapour amount is 
similar in daytime and nighttime, and it is reasonable to decide to take the difference between day 
and night values as the reference in the statistical analyses on the mid and lower troposphere. 
Based on the reference of GPS data, the LMS that WMO calculated and the real average that 
Vaisala + Snow White + Changfeng observed are likely 1.5kg.m-2. All these results are of great 
significance, be it for radiosonde or GPS/MET measurement vapour evaluations (Fig. 4).  



 

Fig.4. System deviations of humidity data detected by all types of radiosondes compared to 

the GPS/Met vapour amount in Yangjiang, Enping and Yangchun stations.  

(4) Intercomparison of wind-measuring capabilities of wind profiler and radiosondes 
During the campaign of launching 72 balloons in this test, China offered the detected data of 

62 balloons by wind profilers to be compared to the wind measurement data of radiosondes. In 
addition to evaluating the difference of wind-measuring capabilities of radiosondes and wind 
profilers, the WMO Assessment Report has done more in analyzing the performance and 
capability of wind measurement of wind profilers by taking the sounding data for reference. In the 
comparison to radiosonde wind measurement, it is obtained that when E-W winds turned strong, 
the system deviation and standard difference between the E-W winds which were detected by 
wind profilers and the radiosonde wind measurement did not get bigger. However, when N-S 
winds became strong, both the system deviation and standard difference got increased. Regarding 
the reasons, the WMO report said, possibly, it is not caused by the deviation of the equipment 
itself but the horizontal changes of the S winds generated from the terrain where the Yangjiang 
wind profiler is situated.    

Based on the results as above, in the WMO international radiosonde assessment and analyses, 
the remote observation data provided by the Chinese side has played an important role. 
Meanwhile, by taking use of the experiment this time many domestic scientists also conducted the 
detection capability assessments on the China-made remote-sensing instruments, the improvement 
of the key remote sensing algorithm as well as the detections of the specific atmosphere, cloud and 
water structures in tropical regions and other application studies of the remote sensing data.  
 
3.2 Evaluation on the performance of China-made remote instruments  
(1) Ka-band cloud radar and X-band dual polarization radar  

In the process of the Yangjiang experiment, Ka-band cloud radar and X-band dual 
polarization radar were used many times to observe the same target, and through cases and 
statistical analysis, the difference and superiority of the two radars were evaluated. The result 
shows that the echo intensity consistency between the two is ordinary. To weak echoes (below 
10dBZ) the echo intensity of Ka-band cloud radar is larger than that of X-band dual polarization 
radar, but in the cloud echoes above 10dBZ, the situation is on the contrary and the Ka-band cloud 



radar is affected by attenuation more clearly. Normally, the Doppler velocity that the two kinds of 
radar detect are quite similar (Velocity ambiguity is seen near 5m/s of the X-band radar, but after 
correction, it can match this conclusion.) while the linear depolarization ratio (LDR) and spectrum 
width have some differences (Fig. 5). The reasons for this phenomenon are complex, maybe it is 
because the error effect of the X-band radar in the detection of weak echoes, or it is because the 
technology for the double-channel receiving system is too difficult to deal with the signals and 
control the quality, so that the detected spectrum width and the LDR data are not so stable.  

 

a b 
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Fig.5. Comparison of Ka-band cloud radar to X-band polarization radar during observing a 

convective rain cloud structure (Time: 13:53 July 20); (1) echo reflectivity (2) Doppler velocity (3) 

spectrum width (4) LDR  
 
(2) Wind Profiler  

Wind profiler is the equipment to be used widely in the observing operation of CMA. It has 
no doubtable superiority in wind measurement to the conventional sounding instruments, but its 
detecting accuracy has been the concerned point. In this test, various radiosondes were compared 
to the wind profiler. In general, under the 3000-m height, the mean difference and standard 
deviation of wind measurement of the wind profiler and L-band radar are respectively 1.3m/s and 
2.0 m/s while those for wind profiler and GPS are 1.4m/s and 1.9 m/s separately. They have the 
similar capabilities, playing better detection performances. However, the deviation in the layer 
near the ground surface is seen higher, possibly influenced by the ground objects. Meanwhile, in 
the altitude beyond 3000 meters, weak signals make the deviation become higher again, so it is 
difficult to output accurate wind data.  

   
(3) Micro Pulse Lidar 

Micro Pulse Lidar (MPL) has not been applied extensively in the current meteorological 
operations. The Yangjiang experiment did a very good evaluation on its capability and application 
prospect. By analyzing the depolarization ratio characteristics, MPL found that although there are 
more clouds in Yangjiang region the pure ice crystal clouds are not common, and, even in the 
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mixed clouds with ice crystals, the amount of ice crystal is not so many. The depolarization ratio 
value does not exceed 0.3 essentially. The mixed clouds mainly appear in the upper atmosphere 
higher than 9 km. The clouds with the cloud base height being 3-9km are mostly pure liquid 
clouds whose depolarization ratio is very small, almost the same as the depolarization ratio of 
aerosols in the same height. Such results mainly result from the high relative humidity and more 
aerosol particles. The liquid clouds with the height lower than 3 km relatively have more 
non-spheric aerosol particles due to the collision and coalescence of aerosol particles and the 
increase of hygroscopic particles. Therefore, it is seen that through the Yangjiang experiment MPL 
is found to be able to offer a new technical method to the detection on the microstructure of 
clouds.   

 

Fig.6. Return signals of atmosphere particles and depolarization ratio detected by MPL at 

23:00 July 20, 2010 in Yangjiang.  
(4) Microwave radiometer 

The Yangjiang experiment provided quite a good test platform for testing the adaptability of 
microwave radiometer to local observations and improving the algorithm. It was found in the 
real-time observation that because the inverse algorithm had not been changed into a localized 
factors, the real-time data could not been used. But in the later study some two-year historic 
sounding data in Yangjiang region was adopted. According to the algorithm of BP neural networks, 
networks in Yangjiang region got adjusted so that they could retrieve the profiles of atmospheric 
temperature and water vapour density truly. Comparing the retrieved results to the radiosonde 
findings, consistency between the two got verified. On the basis of utilizing the intercomparison of 
detected bright temperature and simulated bright temperature, we used the detected values and the 
corresponding sounding samples to adjust the BP neural networks. And finally, the correlation 
coefficients of temperature and vapour density could respectively reach 0.98579 and 0.92438. In 
short, this experiment has shown the importance for microwave radiometer to have the localized 
determination of parameters when it is applied in the meteorological operations, and moreover, it 
has provided some actual experiences for the practice of algorithm.  
 
(5) Doppler wind-lidar 
   Wind lidar is a kind of new wind-measuring technology developed in recent years in China 
and its capability has not been testified completely yet. When doing the experiment, we used the 



sounding data and other remote observation data, comparing and analyzing the detection 
performance of mobile Doppler lidar. The result shows that the existing laser wind radar can 
detect not only atmospheric wind fields, but also clouds and extinction coefficient. Relative to 
MPL, the mobile Doppler lidar has much higher power, being able to detect more details of clouds 
and multi-layer clouds. The signal-to-noise ratio obtained through processing the aerosol 
extinction coefficient of the mobile lidar is much higher, and the data is better and more accurate. 
However, when analyzing the observation data we found the mobile Doppler lidar measures wind 
profiles with the 5-beam method, easily to be affected by clouds. This point needs to be concerned 
in the future improvement on wind profile detection method.  

In addition, through the integrated sounding and remote sensing experiment, some other 
remote instruments such as laser ceilometer and infrared automatic cloud measuring instrument 
have been analyzed and evaluated as well. These instruments have the capability to detect cloud 
height and cloud pattern to a certain degree, but the accuracy is not so satisfactory.  
 
3.3 Improvement research on remote sensing observation algorithm 

The Yangjiang experiment offered a platform to inspect and improve product algorithm for 
China-made remote sensing instruments. By the intercomparison of the various remote sensing 
data, some differences among the instruments were discovered and their application capabilities 
got improved correspondingly.  
(1) Improvement of cloud estimating algorithm of radiosondes  

Making use of radiosonde data to estimate cloud parameters is the method which scientists 
have been thinking to use in meteorological operation, but they have not found out an effective 
way to verify its results. The Yangjiang test provided them the cloud observations from cloud 
radar and ceilometer, then in accordance with the data, they selected the cloud estimating model. 
With the reference of the cloud phase information detected by SnowWhite, they corrected the 
threshold of relative humidity inside clouds with WR95[8] algorithm. So, it is seen that based on 
the improved algorithm results, selecting corresponding cloud model on the premise of judging 
cloud phase can improve the consistency between the cloud base height estimated by radiosondes 
and the cloud structure observed by ceilometers (Fig. 7). But in the height with temperature lower 
than -40�, the improved WR95 algorithm still needs other information to help estimate the 
features of cloud boundary.  

 
Fig.7. Sketch of obtaining cloud information by using radiosonde data 



(2) Characteristics of cloud particles and verification on water content algorithm  
In the study on the cloud phase, using cloud radar data scientists analyzed the intracloud 

particles and water content, comparing the inverse difference between the Altlas Empirical 
Formula and the Sauvageot Empirical Formula in the intracloud observations in Yangjiang region. 
The results show that, inside these clouds of stratus, cumulus and stratocumulus, the diameters of 
intracloud particles retrieved with Sauvageot Formula are obviously bigger than those obtained 
with Altlas, or even double the size. In terms of intracloud liquid water content (LWC), the results 
deduced with the two formulas are almost the same. In the clouds where cumulus developed 
intensely, the intracloud water content could get to 25-35g/m³, very abundant. However, some 
scientists also pointed out that, in the above-mentioned formulas, the supposed case was that all 
the diameters of intracloud particles were less than 100μm so that the application results of the 
retrieved LWC in rainfall clouds or ice crystal clouds was not ideal. So, the nature of clouds must 
be considered in such scientific studies and all these discussions are very meaningful.   
 
(3) Improvement of quality-control algorithm of X-band polarization radar data  

By using the Yangjiang experiment data, scientists also tried the study on improving the 
quality of X-band dual polarization radar data. The study results show that low Signal Noise Ratio 
(SNR) is an importance reason for the detection precision of differential reflectivity ZDR. When 
SNR<15dB, the ZDR of radar is bigger. ZDR noise errors can be corrected well through the 
correction equation for SNR and ZDR. The standard deviation of the difference phase shifting 
parameter ФDP of radar mainly focuses on 1°-4°. By checking and filtering continuously, the ФDP 
folding and the big ФDP dithering which is doubted to be the δ effect can be taken out effectively. 
The difference propagation phase shifting constant KDP which is gained through the ФDP of the 
least square fitting 4km sliding window can minimize the ФDP stochastic errors and the δ effect. In 
the rainfalls with light to moderate intensities, KDP value is small, but when it develops into heavy 
precipitation KDP value grows big very quickly together with the increase of precipitation intensity. 
After the attenuation correction to ZH and ZDR by means of ФDP, the ZH consistency of the 
synchronous observation of dual polarization radar and the new generation Doppler weather radar 
become fine. ZDR tends to increase linearly with the increase of ZH and its quality is significantly 
improved as well.                                

 
(4) Echo recognition algorithm of X-band polarization radar 

Recognition to intracloud hydrometeor particle phase and characteristic echoes has been a 
front subject in the research on radar detection. It is also the requirement of detailed detection for 
modern weather operations. Using the experiment data in Yangjiang, some scientists have tried to 
do some researches in this respect by making use of the detection superiority of X-band 
polarization radar. Based on the scattering and space distribution features of precipitation particles 
of different phases in the bright band of zero-degree layer (0� layer), they developed a method to 
recognize the 0℃ layer bright band. In accordance with the variation characteristics of each 

polarization parameter in the 0℃ layer bright band, they found the formation reason for the “0℃ 
layer bright band” is because under the zero layer the ice particles melt into big raindrops and then 
fall into small ones, causing the horizontal polarized reflectivity factor ZH and difference 
reflectivity factor ZDR in this layer to increase first and then decrease, but the zero-delay 
correlation coefficient ρhv(0) of both the horizontal and vertical polarization pulse to decrease first 
and then increase. 

In addition, by using the data from Yangjiang experiment, scientists tried to use the fuzzy 
logic methods to recognize the cloud or precipitation particle types. Their research findings 
suggest that by taking the qualitative correlation between the polarization parameter of S-band 
radar and the types of intracloud precipitation particles as reference, considering the attenuation of 
X-band radar itself and properly adjusting the parameter range and temperature range of C-band 
radar which were used by Keenan (2003)[9], the radar dual polarization parameter range and 
temperature range of 10 kinds of hydrometeor particles (drizzle, rain, moist graupel, dry graupel, 



small hail, big hail, rain with hail, wet snow, dry snow and ice crystal) can be determined, and the 
fuzzy logic recognition algorithm for precipitation particle types of X-band dual polarization radar 
can be established. Thereby, they recognized the precipitation particles inside the tropical stratus 
clouds over Yangjiang region are mainly ice crystal, dry snow, wet snow and rain water (rain and 
drizzle), of which the ice crystal layer essentially exists in the atmosphere above 6.5km while dry 
snow lives in the air between 5.0-6.5 km (Fig. 8). This recognition result is believable and has laid 
a good foundation for the future study.   

 

Fig. 8. Classification of precipitation particles in stratus clouds on July 22, 2010. 

(4) Improvement of other algorithms 
Focusing on the attenuation defect of cloud radar, some Chinese scientists improved the 

correction algorithm with the Yangjiang experiment data. They tried to apply the successive 
correction method to different types of clouds, significantly improving the observation range and 
accuracy of cloud radar. Besides, they also improved the reversion to Doppler radar wind fields by 
utilizing the automated 2D multipass Doppler radar velocity dealiasing scheme algorithm. 
Moreover, by the fuzzy logic method, they selected suitable recognition parameters and thresholds, 
identifying stratus precipitation and convective cloud precipitation very well. All these researches 
are beneficial to improving the application ability of meteorological operations.   

Lastly, as discussed above, in the Yangjiang experiment, microwave radiometer took the 
radiosonde data as expected value, making the Neural Networks Algorithm improved. The 
networks which are suitable for the Yangjiang region was established, causing the rationality of 
the reversion algorithm for temperature and humidity profiles to go up unceasingly. 

 
3.4 Atmospheric structure and process observation in South China Sea areas 
    Yangjiang adjoins the South China Sea, having typical atmospheric system structure features. 
By means of the Yangjiang experiment, all kinds of advanced remote instruments were used to do 
scientific observations on the typical and characteristic cloud structures and weather systems in 
this region. The detected truth has vividly revealed the representative tropical stratus cloud 
structures there. Altostratus, convective clouds and stratocumulus have detailed structures with 
significant variation features. By the analysis on the echo reflectivity and linear depolarization 



ratio (LDR) of cloud radar, it was found that in different heights the liquid particles are in different 
sizes and there are up-and-down turbulence motions and obvious fragmentation and evaporation 
phenomenon inside the clouds. The previous conventional observations could not reveal these 
findings.   

In the process of experiment, X-band polarization radar continuously tracked the local squall 
line system and typhoon system in Yangjiang. The detection results not only show the cloud 
structures and echo features of local squall line system in different developing stages, but also 
reveal that in certain stages there exist evident zero-degree layer bright bands, the phases of 
precipitation particles change obviously in upper and lower levels of the bright bands, and the 
parameter KDP also suggests that in the severely developing squall line convective clouds there are 

strong electric fields. In addition, multi-layer structures are found in typhoon cloud systems, 0℃ 

layer bright bands also appear in some stages, reflected clearly in the LDR products (Fig. 9). The 
phenomenon LDR may trigger new researches on the cloud system structure of typhoon. In 
addition, combining the detection of lidar to the analysis of the LDR parameter, it is found that the 
typhoon rains are mainly composed of spherical particles and the precipitation intensity is closely 
related to the particle sizes. These results can show the potential application prospect of lidar as 
well.  

During the 30-day experiment period, the wind profiler observed 8 visible land and sea 
breeze processes. In the Yangjiang areas, around noon the near surface wind transfers from 
northerly to southerly (sea breeze) and meanwhile it blows reversely in the upper air. The turning 
height is about 1000-1500m and the turning time is usually in 11:00-13:00. In the evening, with 
the surface cooling, the wind gradually turns to the north in the height below 500 m. The turning 
time is around 20:00-24:00 and wind speed is less than 3m/s. Comparatively, the conventional 
observation technique and data cannot describe the winds in such a detail.  

 

Fig.9. The 0� layer bright band in No. 3 typhoon cloud that X-band radar observed in 2010. 
 

3.5. Study on integrated observing methods  
This Yangjiang international intercomparison of radiosondes and remote instrument 



experiment mustered numbers of remote sensing observation equipment, offering an excellent 
platform for evaluating the detection performances of the China-made remote instruments. It is the 
first integrated observation experiment organized in China for the purpose of investigating and 
improving the equipment and instruments. Through the practice of this test, the layout of 
observation equipment, observing models, adaptability of observation and other related integrated 
remote sensing methods got explored and studied. Based on the observation data from the 
experiment, some scientists analyzed the position relationship between wind profilers and 
radiosondes, establishing a track fitting function for sounding balloons and working out the best 
location for weather radar so that the radar and sounding balloons can detect the most coincident 
data. However, what should be stressed is that in order to realize different experiment purposes 
more researches on the test methods and links need to be done.  

 
4. Conclusion 

The Integrated Remote Instruments Experiment in Yangjiang has offered very useful remote 
sensing data for evaluating the performance of global high-accuracy radiosondes. It is one 
importance component of international intercomparison experiments. This test in Yangjiang 
provided a very good platform for assessing the observation performance of the China-made 
remote sensing instruments. By comparing the observation data detected by different equipment, 
the key algorithms of some remote instruments got improved and perfected in the aspects of 
macro and micro structure observations of atmospheric temperature, humidity, pressure and wind 
profiles. The application capabilities of these instruments have been improved as well, having 
pushed the test equipment to transform to operational application. Through this experiment and 
the application analyses, we have basically learned and grasped the status quo and technical levels 
of the available remote sensing observation equipment in China, and made clear our future 
objectives in developing the remote sensing observations.  

The Yangjiang experiment adopted the united observation model, having done careful 
observations on the atmospheric structure, cloud classification and convective weather systems in 
Yangjiang tropical region. The high-precision and successional observation data afford detailed 
information for the research on the basic characteristics and regular patterns of the atmosphere in 
this region. Up to now, scientists at home and abroad have utilized these data and conducted 
various analyses and studies, obtaining abundant achievements in the phasal sense. 

The Yangjiang experiment was an integrated test in real sense. The test results show that 
reasonable observation layouts and the scientific united observation model that the experiment 
adopted will directly influence the analysis and assessment results of the comparison between the 
remote experiment and radiosondes as well as the intercomparison of remote sensing instruments 
themselves. We have tried to distribute the instruments for this integrated test reasonably, but there 
are still many aspects deserving to summarize and study.   

In a word, the 8th WMO Intercomparison of Radiosondes and Integrated Remote Instruments 
Experiment have afforded a new means and try for the remote sensing observation and prepared 
rich experiences for the future WMO global radiosonde intercomparison and integrated tests.    
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