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Abstract 

 

Hong Kong is a highly populated city at the southern coast of China.  The only upper-air 

meteorological station in Hong Kong is located at King's Park in Kowloon, an urban district of 

Hong Kong.  It is a GUAN station with WMO No. 45004.  Located on the top of a small hill, 

King's Park is reasonably well exposed with a fairly typical outdoor setting of the city.  

Currently, routine launches of radiosonde are performed at 00 and 12 UTC daily while 

ozonesonde is launched weekly.  In addition, radioactivity sondes are launched a few times 

each year under different weather conditions for radiation monitoring of the environment. The 

station was accepted as a GRUAN candidate site in July 2020, with GRUAN site name ‘Hong 

Kong’.  It is one of the few GRUAN certified/candidate sites in Asia and also the 

subtropics.  Monthly launch of Cryogenic Frostpoint Hygrometer (CFH) commenced in 

October 2020.  This paper details the Observatory’s work in conducting CFH launches and the 

challenges in instrument set-up.  CFH observations were compared with data collected by co-

launched radiosonde and other instruments.  Furthermore, the moisture profiles of Hong Kong 

measured by CFH were analysed and compared with profiles in other parts of the world. 
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1. Introduction 

 

The Hong Kong Observatory (HKO) was established in 1883.  It is the meteorological 

authority in Hong Kong and has been responsible for monitoring and forecasting weather, as 

well as issuing warnings on weather related hazards to the territory for over a century.  HKO 

has been dedicating its effort to benefiting the meteorological community in the region and 

around the world with high quality upper-air meteorological data.  Established in 1951, the 

King’s Park Meteorological Station (KP) in Kowloon, with WMO Station No. 45004, has been 

the only upper-air meteorological station in Hong Kong providing official and routine sounding 

data through global telecommunications system to other meteorological authorities and 

academics in the research community in the world.  In 1992, the Global Climate Observing 

System (GCOS) was established and KP became a member of the GCOS Upper-Air Network 

(GUAN), contributing to the monitoring of climate change.  Since 2005, HKO has automated 

the upper-air sounding operation and since then has been operating the automatic upper-air 

sounding system to conduct daily routine radiosonde launches at 00 and 12 UTC.   

 

Besides the routine radiosonde launches, ozonesonde launches are also performed manually on 

a weekly basis.  Ozone profile data are submitted to the World Ozone and Ultraviolet Data 

Centre (WOUDC) in Canada for archival and sharing with the meteorological community.  

HKO also monitors environmental radiation level in Hong Kong and radioactivity in the upper 

atmosphere is measured by radioactivity sensors (Geiger-Müller tubes) attached to balloon-

borne radiosondes.  HKO carries out regular radioactivity soundings under different weather 

conditions each year to collect data of the variation in radiation levels with altitudes. 

 

Witnessing the evolution of radiosonde operation, from analogue to digital, manual to 

automatic launch, HKO endeavors to run at the forefront and provide the best upper-air 

sounding service in the region [1] (Lee and Lam, 2020). 

 

In July 2020, KP joined GCOS Reference Upper-Air Network (GRUAN) as a candidate site 

with GRUAN site name ‘Hong Kong’.  By doing so HKO further dedicates itself to providing 

long-term and high-quality upper-air climate data to the meteorological community for the 

study of trends and variations in upper-air meteorological data.  KP becomes one of the very 

few GRUAN stations in Asia (Figure 1).   
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Figure 1. Map showing GRUAN sites (from GRUAN website https://www.gruan.org/) 

 

To fulfil its responsibility as a GRUAN site, HKO began to provide accurate and high quality 

profile data of water vapour, which is one of the most important greenhouse gases.  This paper 

documents the challenges in launching water vapour sondes at KP.  It also provides the 

preliminary analysis of the data collected by the water vapour sondes so far.  A short summary 

and the way forward are also included at the end. 

 

 

2. Challenges in conducting CFH launches 

 

HKO routinely performs upper-air sounding through launch of radiosonde attached to 

meteorological balloon using Vaisala’s automatic upper-air sounding system, AUTOSONDE.  

Radiosonde of model Vaisala RS41-SG has been deployed to measure air temperature, relative 

humidity and location information directly from the sensor.  Wind speed, wind direction and 

pressure are derived using the GPS information.  

 

Taking into consideration that water vapour measurement uncertainties are high around the 

tropopause, and the humidity sensor of the radiosonde cannot capture accurately the small 

fluctuations of water vapour content, HKO has tried to select other sensors for the 

measurements.  A number of moisture sondes are available in the market for the purpose and 

the EN-SCI cryogenic frostpoint hygrometers (CFH) has been selected eventually.  CFH is 

the most common type of water vapour sonde being used in the meteorological community.  

It operates by using coolant to maintain a small mirror at the precise temperature necessary to 
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generate a thin, constant layer of condensate on the mirror (Figure 2).  When this layer of 

condensate exists, the mirror temperature is the same as the ambient frost or dew point 

temperature.  Water vapour mixing ratio (WVMR) can then be deduced from the frost or dew 

point. 

 

 

Figure 2. EN-SCI cryogenic frostpoint hygrometer (CFH) (left) and block diagram showing 

the various components of a CFH (right) 

 

CFH is a sophisticated instrument employing coolant and optics so that it can quickly respond 

to ambient temperature and change the temperature of the mirror, thereby measuring the frost 

or dew point accurately [2,3].  Since the upper-air ambient temperature can be well below 

freezing, e.g. -80°C, a coolant with low freezing temperature is needed.  The coolant 

trifluoromethane CHF3, also known as R-23, Freon 23 or fluoroform in the engineering industry.  

It has a boiling point at -82°C and is used to maintain the temperature of the mirror.  In Hong 

Kong, R-23 can be acquired in compressed cylinders from local air conditioning companies 

and gas manufacturers (Figure 3).   

 

Though under high pressure, most of the R-23 in the compressed cylinder is still in gaseous 

form in room temperature.  Freezing of the cylinder is necessary to bring the gaseous R-23 

into liquid form to serve as coolant for CFH operation.  HKO uses dry ice from carbon dioxide 

(freezing/sublimation point of -78°C) as the freezing agent and keeps the R-23 cylinder in a 

Styrofoam box with good insolation (Figure 4).  Dry ice is pre-ordered several days before 

CFH launch and delivered to KP in the morning of launch date to ensure that there is enough 

time to cool down the R-23 cylinder. 
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Figure 3. Trifluoromethane in compressed 

cylinder 

Figure 4. R-23 cylinder being frozen in 

Styrofoam box with dry ice 

 

As CFH only measures the dew point or frostpoint, a radiosonde is usually co-launched with 

the CFH to obtain information like temperature, pressure and winds.  For each CFH launch 

conducted by HKO, an RS41-SG radiosonde is co-launched.   

 

Regarding the preparation of radiosonde RS41-SG, in addition to the instrument check by 

Vaisala Ground Check device RI41 (Figure 5), a manufacturer independent check of the thin-

film capacitor type humidity sensor is also conducted for each RS41-SG to check the intrinsic 

instrument bias.  This is performed by using the Standard Humidity Chamber (SHC) (Figure 

6).  Water inside the SHC is heated up for about 12 minutes so that the temperature inside the 

chamber rises for a few degrees above the ambient temperature.  A saturation environment 

can be attained when the heater is switched off and the air inside the chamber is cooled for 

about three minutes [4].  In this way the SHC provides a 100% relative humidity (RH) 

environment inside the chamber for testing the humidity probe of RS41-SG.  On the cover of 

the SHC, there is a special opening for inserting RS41-SG so that the humidity probe can be 

immersed inside the chamber.  Accuracy of RS41-SG humidity sensor can be evaluated by 

noting the difference between RH measured by radiosonde and RH inside the SHC (i.e. 100%).  

On the cover of the SHC there is another opening for inserting a Fluke Pt100 temperature probe, 

which is used as a standard thermometer for checking RS41-SG temperature sensor 

simultaneously. 
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Figure 5. Ground check device RI41 

for checking the RS41-SG 

before launch 

Figure 6. SHC with Fluke Pt100 

temperature probe 

performing manufacturer 

independent check of 

RS41-SG humidity and 

temperature sensors 

 

After the aforementioned checking, the CFH, RS41-SG and power supply are assembled 

together (Figure 7(a)) to be ready for coolant filling (Figure 7(b)).  R-23, in liquid form, is 

manually filled into the coolant chamber of the CFH (Figure 7(c)).  Finally, the CFH cum 

RS41-SG setup is tied to a balloon and ready for launch (Figure 7(d)). 

 

Figure 7. (a) and (b) Assembling power supply and RS41-SG with CFH; (c) filling in coolant 

into CFH chamber; (d) CFH cum RS41-SG setup ready for launch.  
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3. Comparison of measurements from CFH, radiosonde and radiometer 

 

HKO joined GRUAN in July 2020 and after several months’ preparation, the first successful 

launch of CFH took place at KP on 9 October 2020.  As of May 2021, eight CFHs had been 

launched.   

 

Since it is more convenient and safer to perform the CFH preparation in daytime, such as filling 

R-23 coolant into CFH chamber, so far CFH launches in Hong Kong were conducted in the 

afternoon or around sunset.  As Hong Kong is located at the Southeast Asia with time zone 

UTC+8, CFH launches were therefore conducted between 04 and 11 UTC.  Table 1 shows the 

date and time of the first eight CFH launches.   

 

Launch Date and Time Remarks 

(a) 9 Oct 2020, 0409 UTC 1st successful launch (shortly after noon time) 

(b) 12 Nov 2020, 1057 UTC launched after sunset (0941 UTC) 

(c) 17 Dec 2020, 1013 UTC launched after sunset (0943 UTC) 

(d) 14 Jan 2021, 0612 UTC launched in the early afternoon 

(e) 25 Feb 2021, 1025 UTC launched around sunset (1025 UTC) 

(f) 18 Mar 2021, 1047 UTC launched after sunset (1034 UTC) 

(g) 22 Apr 2021, 1041 UTC launched shortly before sunset (1046 UTC) 

(h) 13 May 2021, 1041 UTC launched shortly before sunset (1055 UTC) 

 

Table 1. Date and time of the first eight CFH launches in Hong Kong  

 

Water vapour concentration is represented by water vapour mixing ratio (WVMR) which is 

calculated using the following formula 

WVMR [ppmv] = 1𝐸6 ∗
𝑃𝐻2𝑂

PAmbient
 

 

PH20 is equal to the Pwvsp at TFrostpoint (or at dew point temperature for temperature > 0°C) 

 

where  PH2O: water vapour partial pressure [Pa] 

 PAmbient: ambient pressure measured by radiosonde [Pa] 

 Pwvsp: water vapour saturation pressure [Pa] 

 TFrostpoint: frostpoint measured by CFH [degree Kelvin] 

 ppmv: parts per million volume 
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To calculate the water vapour partial pressure (PH2O), the formulae by Hyland & Wexler is used 

for calculating water vapour saturation pressure over liquid (for ambient temperature > 0°C) 

and the formulae by Goff-Gratch is used for calculating water vapour saturation pressure over 

ice (for ambient temperature < -40°C) [2].  For temperature between 0°C and -40°C, the phase 

of the cloud particles is not a priori known, it can be ice crystals or under-cooled water.  The 

approach is to look at the RH profile for both scenarios and compare to the ice saturation curve 

to decide on the phase of the condensate. 

 

There is a radiometer located at KP.  It is a 14-channel microwave radiometer of model RPG 

HATPRO manufactured by Radiometer Physics.  Vertical temperature and relative humidity 

profiles up to 10 km height are obtained from the radiometer's brightness temperature using the 

variational retrieval algorithm [5].  Dew point is derived from relative humidity retrieved 

from the radiometer. 

 

The profiles of CFH frostpoint, RS41-SG temperature and frostpoint, radiometer temperature 

and dew point, as well as the WVMR for the eight launches in Table 1 are plotted in Figures 

8(a) to (h). 

 

The profiles in Figure 8 showed that CFH’s performance was stable even at high altitude (above 

tropopause).  RS41-SG frostpoint profiles, however, only agreed well with CFH profiles at 

lower altitude (below tropopause).  Above the tropopause, RS41-SG frostpoints were 

generally higher than CFH frostpoints.  Moreover, owing to the sensitivity and quick 

responses of the CFH, CFH could capture variations in frostpoints in more details higher aloft 

than RS41-SG.  For instance in Figure 8(h) CFH could reveal the wet layer just above the 

tropopause. 

 

One point worth mentioning is the very low frostpoint temperatures measured by CFH near 

tropopause during the afternoon launches on 9 October 2020 (Figure 8(a)) and 14 January 2021 

(Figure 8(d)).  On 9 October 2020, the very low frostpoint happened in a 3-km window at 16 

to 18 km height near the tropopause.  While for the 14 January 2021 launch, the very low 

frostpoint appeared slightly below the tropopause at around 17 km height.  In both cases CFH 

frostpoint profile above the ‘very low frostpoint window’ seemed to resume the normal values.  

For the other launches conducted shortly before or after sunset (Figures 8(b), (c), (e) to (h)), 

such ‘very low frostpoint window’ did not appear and their profiles seemed to be smoother than 

the afternoon launches (Figures 8(a) and (d)), with less controller (one of the hardware 

components of CFH) oscillation fluctuations, especially above the troposphere [6].   
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Figure 8. CFH frostpoint / dew point (blue), radiosonde RS41-SG temperature (red) and 

frostpoint / dew point (cyan), radiometer temperature (magenta circle) and dew 
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point (black circle) profiles; and water vapour mixing ratio (green) profile derived 

from CFH cum RS41-SG launches on (a) 9 Oct 2020, (b) 12 Nov 2020, (c) 17 Dec 

2020, (d) 14 Jan 2021, (e) 25 Feb 2021, (f) 18 Mar 2021, (g) 22 Apr 2021 and (h) 

13 May 2021. 

 

 

As for the calculated WVMR profiles, similar to the CFH frostpoint profiles, extremely low 

WVMRs were registered near the tropopause for the afternoon launches (Figure 8(a) and 8(d)).  

The WVMR at the lower stratosphere were roughly in the range of 3 to 4 ppmv, which were 

typical expected values at this height.  According to the GRUAN Lead Centre, the increase in 

WVMR above 25 km for all launches was probably due to contamination by evaporating water 

molecules that were trapped on the surface of the balloon and the winder.  This was an effect 

typically observed at all CFH soundings which somehow illustrated the sensitivity of the CFH 

instrument. 

 

As discussed with the experts of the GRUAN Lead Centre, the very low CFH frostpoints 

around the tropopause for the afternoon CFH launches in Hong Kong seemed not to be related 

to the handling or preparation of the instrument.  Moreover, these frostpoint profiles had not 

been observed elsewhere around the world in the past.  The exact mechanism behind the 

abnormally low frostpoints was not fully known yet.  It could be related to the low ambient 

temperature, sunlight or solar elevation angle, or even environment conditions unique to our 

geographical latitude.  HKO would follow up with GRUAN experts and CFH manufacturer 

for further investigations of the cases. 

 

For radiometer temperature and dew point profiles, it seemed that while the radiometer 

temperatures agreed well with RS41-SG in general, the dew point profiles lacked the 

fluctuations captured by the radiosondes.  For instance, the radiometer failed to capture the 

low level temperature inversion on 14 January 2021 (Figure 8(d)).  Regarding the radiometer 

dew point profile, again they were not able to reveal the variations captured by radiosondes 

and CFH.  This was probably due to the fact that the retrieval algorithm of radiometer 

depended on the accuracy of forecast temperature and humidity profile from numerical weather 

prediction model.  Owing to the limitation in model resolution, the retrieval algorithm might 

not be able to resolve fluctuations in details.  The comparison of radiometer and radiosonde 

profiles also showed that in-situ measurement was superior to remote sensing instruments in 

fine resolution atmospheric profiling. 
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4. Comparison of CFH measurements between Hong Kong and GRUAN 

Lead Centre 

 

According to the GRUAN website (https://www.gruan.org/data/measurements/sonde-

launches), only a few GRUAN sites keep regularly launching moisture sondes (especially the 

CFH) and submitting data to the GRUAN Lead Centre.  In 2020, apart from Hong Kong, 

GRUAN sites launching CFH included Lindenberg in Germany, Ny-Ålesund in Norway, 

Sodankylä in Finland, Beltsville in USA and Tateno in Japan.   

 

Currently CFH data are not available at the GRUAN website.  However, some of the aforesaid 

sites are submitting CFH data to the international Network for the Detection of Atmospheric 

Composition Change (NDACC) for archival.  HKO obtained CFH data of Lindenberg from 

the NDACC for comparison with CFH data of Hong Kong. 

 

It was a coincidence that both Hong Kong and Lindenberg did launch a CFH on 12 November 

2020 just a few hours apart in time.  Though located in different time zone seven hours apart, 

both CFHs were launched around sunset.  Figure 9 showed the radiosonde temperatures, CFH 

frostpoint, and the WVMR profiles measured on 12 November 2020 in Hong Kong and 

Lindenberg respectively.  We could see that tropopause in sub-tropical Hong Kong was 

located at around 17 km height and that at mid-latitude Lindenberg was lower, at around 12.5 

km height.  In a sub-tropical region like Hong Kong, frostpoint could reach as low as -80°C 

near the tropopause, and fluctuated between -70 and -90°C above.  With a lower tropopause 

in the mid-latitude, the frostpoint was only -70°C at the tropopause and dropped progressively 

to around -90°C at Lindenberg. 

 

As for the WVMR, both sites exhibited similar profiles in the troposphere with values 

progressively dropping from about 104 ppmv at surface to 3 to 5 ppmv near the tropopause.  

For the unprocessed data of the Hong Kong CFH launch, the increase in WVMR above 25 km 

height was caused by the contamination by evaporating water molecules that were trapped on 

the balloon surface.  This was not observed in the Lindenberg launch as their CFH frostpoint 

data was quality checked and the contaminated data, if any, was removed. 
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Figure 9. CFH frostpoint and radiosonde temperature profiles (blue and red respectively) 

and water vapour mixing ratio (green) on 12 November 2020 during CFH 

launch in Hong Kong (left) and at Lindenberg, Germany (right). 

 

 

5. Summary 

 

In this paper we have documented the preparation of launching CFH in Hong Kong.  CFH 

measurement results of the first eight launches were discussed.  In particular, we found very 

low frostpoint temperatures near the tropopause in two of the CFH launches conducted during 

daytime and the underlying cause required further investigations. 

 

The CFH frostpoints were compared with co-launched radiosonde frostpoints and co-located 

radiometer dew points measurements.  CFH data of the mid-November 2020 launch was 

compared with the CFH data from a launch conducted by the GRUAN Lead Centre in 

Lindenberg on the same day.  All the comparisons indicated that the CFH frostpoint data 

collected from the first launches in Hong Kong were of acceptable quality. 

 

Trifluoromethane R-23 is a potent greenhouse gas with a 100-year global warming potential of 

about 14,800.  It is environmental unfriendly and researches have been conducted by GRUAN 

experts to investigate the use of other environmental friendly coolants, such as mixture of 

ethanol and dry ice, as a substitute of R-23.  Trial testing of new moisture sounding instrument 

which does not require coolant would be carried out.  HKO will also explore to use ethanol 

and dry ice in future launches of CFH, as well as try launching new generation moisture sondes 

following recommendation from GRUAN experts. 

 



 

13 
 

CONVERGING DIVERGENCE  HKMETS E-BULLETIN 26, 2022 

 

Acknowledgements  The authors would like to thank Dr. Ruud Dirksen of GRUAN Lead 

Centre for his enlightenment in preliminary interpretation of the CFH data.  The authors 

would also like to thank Mr. L.S. Lee of the Hong Kong Observatory for his advice and 

comments. 

 

 

 

References 

 

[1] Lee, O.S.M. and D.H.Y. Lam, 2020: Hong Kong Observatory, Observatory’s Blog, 

Seeking ground truth at a height at King’s Park. https://www.hko.gov.hk/en/Observatorys-

Blog/103423/Seeking-ground-truth-at-a-height-at-King%E2%80%99s-Park 

 

[2] Cryogenic Frost Point Hygrometer (CFH) Sonde Operator Manual, DOC-0386, Rev B, 

EN-SCI, 2016. 

 

[3] Stuefer, M., and T. Gordon, 2018: Cryogenic Frostpoint Hygrometer (CFH) Instrument 

Handbook, ARM Climate Research Facility, Office of Science, U.S. Department of Energy. 

DOE/SC-ARM-TR-210. 

 

[4] Schulz, K.H., 2020. Standard Humidity Chamber SHC1, General Description. 

 

[5] Chan, W.S., Lee, J.C.W. 2015. Vertical profile retrievals with warm-rain microphysics 

using the ground-based microwave radiometer operated by the Hong Kong Observatory, 

Atmos. Res. 161-162, 125-133. 

 

[6] Vömel, H., T. Naebert, R. Dirksen, and M. Sommer, 2016: An update on the uncertainties 

of water vapor measurements using Cryogenic Frostpoint Hygrometers, Atmos. Meas. Tech., 

9, 3755-3768, doi:10.5194/amt-9-3755-2016. 

 

https://www.hko.gov.hk/en/Observatorys-Blog/103423/Seeking-ground-truth-at-a-height-at-King%E2%80%99s-Park
https://www.hko.gov.hk/en/Observatorys-Blog/103423/Seeking-ground-truth-at-a-height-at-King%E2%80%99s-Park

