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Abstract 
 
 The Hong Kong Observatory (HKO) has carried out a field inter-comparison of 0.1-mm 
resolution automatic raingauges with a view to evaluating which models of raingauges can meet 
WMO’s ±5% accuracy requirement in measuring rainfall amount and are robust enough to be 
deployed in the field.  The experiment was conducted at HKO’s meteorological stations at King’s 
Park (KP) and Hong Kong International Airport (HKIA) from March to October 2011. 
 
 In the sub-tropical environment of Hong Kong, rainfall rate can exceed 300 mm/hr in the rainy 
season. During the field inter-comparison, more than 30 and 20 rain episodes with 24-hr rainfall 

≥10 mm were recorded by the manual raingauges at KP and HKIA respectively.  In addition to 
24-hr rainfall, rainfall intensities were derived from the automatic raingauges based on 1-minute 
total rainfall data.  Rainfall rates at KP and HKIA were as high as 150 mm/hr and 140 mm/hr 
respectively during the rain episodes. 
 
 This paper discusses the equipment set up at the field sites, a comparison of the 
characteristics and performance of the automatic raingauges as well as operational experience 
gained during the inter-comparison.  Preliminary results showed that most of the 0.1-mm 
resolution raingauges could meet the WMO’s ±5% accuracy requirement and their accuracy in 
measuring 24-hour total rainfall was comparable to the 0.5-mm resolution raingauges.   
 
1. Introduction 

 
 The Hong Kong Observatory (HKO) operates both manned and automatic stations for rainfall 
measurement in Hong Kong.  Hourly observations of rainfall are made manually at the Hong Kong 
Observatory Headquarters with an ordinary 203-mm raingauge, while those at the Hong Kong 
International Airport (HKIA) are made using a set of three Ogawa model 7182R drop-counting 
raingauges (Chan et.al, 2004).  These raingauges provide rainfall measurements accurate to ±0.1 
mm.  HKO also operates a network of over 150 automatic raingauges together with the 
Geotechnical Engineering Office and Drainage Services Department of the Hong Kong Special 
Administrative Region Government to provide real-time rainfall information for the issuance of 
rainstorm, flood and landslip warnings.  For these automatic raingauges, 0.5-mm resolution 
Casella tipping-bucket raingauges are used and rainfall less than 0.5 mm cannot be detected (HKO, 
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2011). 
 
 The CIMO Guide (WMO, 2008) has recommended the use of 0.1-mm resolution raingauges in 
the measurement of rainfall amount with an achievable measurement uncertainty of 0.1 mm or 5%, 
whichever is greater.  As Hong Kong is situated in the sub-tropics, rainfall intensity can exceed 300 
mm/hr in the rainy season, and typically the 5% requirement will apply when rainfall is heavy.    
With the emergence of new models of automatic 0.1-mm raingauges, such as the corrected tipping 
bucket raingauges equipped with software correction to enhance accuracy, there is an opportunity 
to test if the new instruments can meet WMO’s ±5% accuracy requirement in measuring rainfall 
amount and are robust enough to be deployed in the field.. 
 
2. Procedures and Methods 
 
2.1 Selection of instruments and inter-comparison sites 
 
 An inter-comparison study was undertaken in Hong Kong to assess which types of 0.1-mm 
resolution raingauges could meet WMO’s ±5% accuracy requirement and were robust enough to be 
deployed in the field for operational use.  Four different models of automatic raingauges, three with 
0.1-mm resolution and one with 0.2-mm resolution (recommended in Lanza et.al, 2006), operating 
under different measuring principles or data correction algorithms were selected for the 
inter-comparison.  HKO’s manned meteorological stations at King’s Park (KP) and HKIA with good 
exposure were chosen as the field inter-comparison sites.  Details of the types of raingauges 
installed at KP and HKIA for the field inter-comparison are summarized in Tables 1 and 2 
respectively, and the corresponding photos of the equipment set up at the test beds are shown in 
Figures 1 and 2 respectively.   

 
At KP, except for the 0.2-mm resolution raingauge, two identical sets of raingauges were 

installed for each model so as to study the spatial rainfall variability.  In addition, two 0.5-mm 
resolution Casella automatic raingauges and two conventional 203-mm manual raingauges were 
also installed at the site, the former for comparison purpose while the latter for benchmarking the 
accuracy of the automatic raingauges. 

 
At HKIA, three 0.1-mm resolution raingauges under evaluation were installed by the side of the 

three operational Ogawa 0.1-mm drop-counting raingauges for the inter-comparison.  A 0.5-mm 
resolution Vaisala automatic raingauge and a 160-mm manual raingauge were installed for 
comparison and benchmarking purposes respectively. 
 
2.2 Instrument calibration 
 
 Before deployment to the field, the raingauges were calibrated in-house.  During the 
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calibration, fine adjustment of the tipping mechanism of the raingauges was performed as far as 
possible to maximize the accuracy of the raingauges. 
 
 In conducting the calibration, a high-precision dispensing pump was used to provide a 
constant water flow the rate of which was measured by weighing the water over a given period of 
time.  Once the flow rate was determined, the water was then fed to the raingauge under 
calibration in order to simulate a constant rainfall intensity (Figure 3).  The output of the raingauge 
was measured after a period of time (to minimize measurement errors, usually over 100 tippings 
would be counted to ensure a sufficiently large volume of water has passed through), which was 
then compared with the theoretical number of tippings (water flow rate divided by the surface area 
of the raingauge) to assess the raingauge accuracy.   
 
 Figures 4 and 5 show the error curves for raingauges installed at KP and HKIA respectively .  
For SL3-1, Logotronic and ETG raingauges, their measurement uncertainties can meet WMO’s 
±5% requirement when the rainfall intensities are below 300 mm/hr, 200 mm/hr and 200 mm/hr 
respectively, consistent with the equipment specifications as shown in Tables 1 and 2.  The only 
exception is the Ogawa raingauge whose uncertainty exceeds 5% for rainfall intensity above 100 
mm/hr and hence no calibration check was performed beyond this limit (Chan et. al, 2004). 
 
 For the weighing gauge (Meteoservis), its calibration was conducted by calibrating the 
weighing system of the raingauge through placing known weights (2kg, 5kg weights provided by the 
manufacturer) on the system and running a software program to write all relevant calibration 
coefficients to the EPROM of the microprocessor. 
 
 Once the raingauges were installed at the field sites, simple on-site calibration checks were 
carried out using a syringe to pump known volume of water to the raingauges to confirm the correct 
number of tipping could be achieved. 
 
3. Results 

 

 At KP, a total of 34 rain episodes (defined as 24-hr rainfall ≥ 10 mm recorded by any one of the 
manual raingauges at KP) were recorded from 1 April to 31 October 2011.  Similarly at HKIA, 23 

rain episodes  (defined as 24-hr rainfall ≥ 10 mm recorded by the manual raingauge at HKIA) 
occurred from 19 March to 12 October 2011.   
 
3.1 24-hr total rainfall 

 
 The performance of raingauges at KP is summarized in Table 3 and Figure 6, while the results 

at HKIA are shown in Table 4 and Figure 7.  The root mean square errors, mean percentage 
differences and standard deviations of percentage errors were all calculated with reference to the 
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manual raingauges at the two sites. 
 
 At KP, it was observed that: 

 

i) Apart from ETG, all raingauges had mean percentage errors less than 5% and met the 
WMO accuracy requirement, except for one of the Logotronic raingauges (Logotronic (A)) 

which had a mean percentage error exceeding 5% for 24-hr rainfall ≥ 50 mm.  The mean 
percentage errors for ETG were greater than 5% for all rain episodes.  

 
ii) The mean percentage errors of the two Casella 0.5-mm resolution raingauges were 1.83% 

and 2.48% respectively, indicating an accuracy that could meet WMO’s requirement 
despite having a coarser resolution. 

 
iii) The mean percentage errors of the two Logotronic raingauges (4.04% and 3.42%) were 

larger than the two SL3-1 raingauges (2.19% and 2.44%).  The corresponding root mean 
square errors (RMSE) for the two Logotronic raingauges (2.42 mm and 2.44 mm) were 
also larger than the two SL3-1 raingauges (0.74 mm and 1.09 mm).  This seemed to 
suggest slightly better performance of SL3-1. 

 
iv) The mean percentage error and RMSE of the ETG raingauge was 5.80% and 2.60 mm 

respectively, the largest among all raingauges at the site.  Errors for all three rainfall 
sub-categories exceeded 5%, standard deviations of percentage errors (±4.6%) were also 
the largest (Figure 6).  The performance of ETG was the poorest among other 
raingauges. 

 
v) For the same model of raingauges, the mean percentage errors differed by less than 1%.  

Since the 24-hr rainfall recorded by the two manual gauges only differed by less than 1 
mm, the spatial variability of rainfall recorded by the raingauges at KP was thus very small 
during the period. 

 
At HKIA, some notable points were: 
 
i) The mean percentage errors of Ogawa B, Ogawa C, Logotronic and Meteoservis 

raingauges were 3.00%, 3.70%, 4.38% and 3.01% respectively, meeting the WMO’s 5% 
accuracy requirement. 

 
ii) SL3-1 performed reasonably well with mean percentage error of 4.64% although the 

errors for the two lighter rainfall categories, with 24-hr rainfall between 10 and 25 mm and 
between 25 and 50 mm, were 5.17% and 5.22%, just outside the range of WMO’s 5% 
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accuracy requirement. 
 

iii) The mean percentage error and RMSE of Ogawa A raingauge was 5.65% and 5.66 mm 
respectively, the largest among all raingauges at the site.  Except for rain episodes with 
24-hr rainfall between 25 and 50 mm, mean percentage errors for other rainfall 
sub-categories exceeded 5%, standard deviations of percentage errors (±7.5%) were also 
the largest (Figure 7).The inferior performance of Ogawa A might be due to problems with 
its electronics, and the raingauge was subsequently diagnosed to be malfunctioning. 
 

3.2 Rainfall intensity 
 

In addition to 24-hr rainfall, rainfall intensities (in mm/hr), calculated from 1-minute total rainfall 
data (60 x 1-minute total rainfall), recorded by the raingauges were also compared to identify any 
significant differences in their performance.  Hence, tip resolution of 0.1 mm and 0.5 mm will lead 
to rainfall intensity resolution of 6 mm/hr and 30 mm/hr respectively over a period of 1 minute 
(Lanza et. al, 2006).  

 
At KP, the highest rainfall intensity occurred on the morning of 17 June 2011.  Figure 8 shows 

the times series of rainfall intensities as recorded by the 0.1/0.2-mm resolution raingauges. As the 
resolution of the 0.5-mm raingauges were too coarse, they are not plotted. Peak intensities and 
times of occurrence registered by these raingauges are summarized in Table 5.  The peak 
intensities recorded by the gauges are generally comparable, falling within the range of 150 - 162 
mm/hr, with a mean of 154.5 mm/hr.  Time of peak intensity is mostly around 01:37 HKT, while 
timing by ETG is slightly later at 01:38 HKT.  The delay of ETG in recording the peak intensity is 
probably due to the time required for the processing algorithm of its microprocessor in deriving the 
rainfall intensity.  The time of peak intensity recorded by these raingauges was in close agreement 
with a Jardi rate-of-rainfall recorder installed near the test bed at KP.   

 
 At HKIA, the maximum rainfall intensity occurred on the morning of 28 June 2011.  Figure 9 

shows the times series of rainfall intensities as recorded by the 0.1-mm resolution raingauges.  
Peak intensities and times of occurrence registered by these raingauges are summarized in Table 6.  
Broadly speaking, changes in rainfall intensities have a similar profile with intensities rising to 100 
mm/hr or above at 04:58 HKT, stabilizing slightly for a few minutes before rising again to around 140 
mm/hr at 05:02 HKT or 05:03 HKT.  Past studies have found that weighing gauges are usually 
subject to some delay in response (Lanza et. al, 2006), and the Meteoservis raingauge (yellow line 
in Figure 9) also seems to show a slight delay of about 1 minute in this case. 
 
4. Discussion 
 

Taking the overall results from the two inter-comparison sites at KP and HKIA, both the 0.1-mm 
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resolution Logotronic and SL3-1 raingauges perform quite well in the measurement of 24-hr total 
rainfall.  Measurement accuracy can mostly meet WMO’s ±5% requirement apart from a few cases 
that slightly exceed 5%.  The maximum exceedance, however, is less than 0.4% (Logotronic (A) 

raingauge at KP for 24-hr rainfall ≥ 50 mm).  In comparing these two models, the results at KP 
point to better performance of SL3-1 as both the mean percentage errors and RMSE of the two 
identical sets of SL3-1 are considerably lower than those of the two Logotronic raingauges.  The 
advantage of SL3-1 is, however, not observed at HKIA.   

 
During the inter-comparison exercise, Logotronic malfunctioned more frequently than SL3-1 

due to its smaller orifice size, hence allowing easy trapping of leaves or bird’s droppings and 
causing blockage.  SL3-1 is therefore probably more reliable from an operational perspective. 

 
For the Ogawa raingauge, it is limited by its larger percentage error (>5%) when rainfall 

intensities exceed 100 mm/hr (Chan and Yeung, 2004).  The performance of ETG is also not 
satisfactory.  Its mean percentage error (5.80%), RMSE (2.60 mm) and standard deviation of 
percentage error (±4.6%) are the largest among all raingauges at KP.  The calibration results of 
ETG show a non-linear variation of its accuracy which may be due to the software correction 
algorithm used in the raingauge.  One major drawback of ETG is that its microprocessor is prone 
to failure, including an incident triggered by lightning at KP on 7 May 2010 during trial use of the 
instrument before the commencement of the inter-comparison exercise.  As Ogawa, Logotronic, 
ETG and Meteoservis raingauges are all equipped with sophisticated electronics, they are 
vulnerable to the impact of lightning.  Both the Ogawa and Meteoservis raingauges also require 
considerable amount of maintenance works. 

 
Based on the results so far, SL3-1 0.1-mm resolution raingauge seems to slightly out-perform 

other models of raingauges in terms of meeting the WMO’s ±5% accuracy requirement, and also for 
its robustness in field operation and ease of maintenance.  It seems that the two-layer tipping 
mechanism of the SL3-1 raingauge provides a larger buffering capacity for it to handle higher 
intensity rainfall events with a lower reduction of its measurement accuracy (Figure 10).   

 
5. Conclusion 
 
 Field inter-comparison of four different models of 0.1-mm resolution automatic raingauges and 
one model of 0.2-mm resolution automatic raingauge was conducted at KP and HKIA in March – 
October 2011 to assess their accuracy in measuring rainfall amount against WMO’s ±5% 
requirement.  In-house calibration was carried out for the raingauges prior to their installation at the 
field sites.  On-site calibration checks were also performed to ensure that accuracy could be 
maintained. 
 

 During the comparison periods, 34 and 23 rain episodes were recorded at KP and HKIA 
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respectively.  Rainfall rates as high as 150 mm/hr and 140 mm/hr were also recorded at KP and 
HKIA respectively during the rain episodes. Results show that the model SL3-1 is relatively reliable 
in terms of its measurement accuracy, as well as more robust in operation and requires less 
maintenance effort.  As such, SL3-1 is potentially the best option in making rainfall observations 
with 0.1-mm resolution in the climate of Hong Kong.  It is believed that the 2-layer tipping 
mechanism of SL3-1 also helps enhance its rainfall measurement accuracy.  To study more rain 
cases and gather more data for evaluation, the inter-comparison studies at KP and HKIA will 
continue for a longer period of time. 
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Table 1 Types of raingauges installed at the King’s Park (KP) Meteorological Station for the 
field inter-comparison 

 

Raingauge Measuring principle 
/data correction algorithm 

Resolution 
(mm) 

Maximum rainfall intensity 
declared (mm/hr) 

Logotronic 
MRF-C 

Tipping bucket  
(with extra pulse correction) 

0.1 200 

Shanghai 
SL3-1 

Two layers of tipping 
buckets 
 

0.1 240 

ETG – R102 
(ETG) 

Tipping bucket  
(with software correction) 

0.2 300 

Ordinary  
203-mm 
raingauge 

Manual 
(serves as benchmark) 

0.1 --- 

Casella  
100573E 

Tipping bucket 
(no correction) 

0.5 300 

 
Table 2 Types of raingauges installed at the Hong Kong International Airport (HKIA) 

Meteorological Station for the field inter-comparison 
 

Raingauge Measuring principle 
/data correction algorithm 

Resolution 
(mm) 

Maximum rainfall intensity 
declared (mm/hr) 

Ogawa Drop-counting 0.1 200 
 

Logotronic 
MRF-C 

Tipping bucket  
(with extra pulse correction) 

0.1 200 

Shanghai 
SL3-1 

Two layers of tipping bucket 
 

0.1 240 

Meteoservis  
 

Weighing 0.1 400 

Ordinary  
160-mm 
raingauge 

Manual 
(serves as benchmark) 

0.1 --- 

 



Table 3: Summary of rainfall comparison results at the King’s Park Meteorological Station. 
 

Type of raingauges2 

Rainfall event Casella 
(0.5 mm) 

SL3-1 (A) 
(0.1 mm) 

SL3-1 (B) 
(0.1 mm) 

Logotronic (A)
(0.1 mm) 

Logotronic (B)
(0.1 mm) 

Casella (KP)
(0.5 mm) 

ETG 
(0.2mm) 

Manual (A) 

No. of rain episodes All (≥10mm) 34 323 34 333 283 333 333 34 
Root Mean Square Error1 (mm) 0.57 0.74 1.09 2.42 2.44 1.27 2.60 

Mean absolute percentage difference1 1.83% 2.19% 2.44% 4.04% 3.42% 2.48% 5.80% 

  

  

         

No. of rain episodes 
(≥10mm and <25mm) 

16 14 16 15 10 16 16 16 

Root Mean Square Error1 (mm) 0.44 0.57 0.52 0.71 0.73 0.48 1.06 

Mean absolute percentage difference1 2.62% 3.20% 2.86% 3.56% 3.27% 2.67% 5.42% 

  

  

         

No. of rain episodes 
(≥25mm and <50mm) 

7 7 7 7 7 6 6 7 

Root Mean Square Error1 (mm) 0.59 0.64 0.65 1.24 0.98 0.52 2.53 

Mean absolute percentage difference1 1.78% 1.88% 2.17% 2.98% 1.94% 1.30% 7.94% 

  

  

         

No. of rain episodes (≥50mm) 11 11 11 11 11 11 11 11 
Root Mean Square Error1 (mm) 0.70 0.96 1.74 3.98 3.75 2.09 3.89 
 9
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Mean absolute percentage difference1 0.71% 1.10% 2.00% 5.37% 4.50% 2.84% 5.19% 
Note:  (1) Reference was made to Manual (A) rain gauge at the King’s Park Meteorological Station in compiling the root mean square errors and the 

mean absolute percentage differences. 
 (2) Locations of the raingauges in the test bed are shown in Figure 1. 
 (3) Missing no. of rain episodes due to maintenance of the raingauges. 
 (4) Mean absolute percentage difference less than 5% are highlighted in yellow. 



Table 4: Summary of rainfall comparison results at the Hong Kong International Airport (HKIA) Meteorological Station. 
 

Type of raingauge2 

Rainfall event 
Ogawa A  
(0.1 mm) 

Ogawa B  
(0.1 mm) 

Ogawa C  
(0.1 mm) 

Logotronic  
(0.1 mm) 

Meteoservis 
(0.1 mm) 

SL3-1     
(0.1 mm) 

Manual  
(0.1 mm) 

No. of rain episodes All (≥10mm) 23 223 23 23 223 213 23 
Root Mean Square Error1 (mm) 5.66  1.61  1.76  2.39  2.00  2.13  
Mean absolute percentage difference1 5.65% 3.00% 3.70% 4.38% 3.01% 4.64% 

  
  

        
No. of rain episodes 
(≥10mm and <25mm) 

8 8 8 8 7 7 8 

Root Mean Square Error1 (mm) 1.04  0.72  1.59  1.17  0.74  0.95  
Mean absolute percentage difference1 5.73% 3.37% 5.91% 4.98% 3.49% 5.17% 

  
  

        
No. of rain episodes 
(≥25mm and <50mm) 

8 8 8 8 8 7 8 

Root Mean Square Error1 (mm) 1.77  1.17  0.90  1.88  0.97  2.00  
Mean absolute percentage difference1 4.14% 2.76% 2.10% 3.97% 2.31% 5.22% 

  
  

        

No. of rain episodes (≥50mm) 7 6 7 7 7 7 7 
Root Mean Square Error1 (mm) 10.03  2.65  2.52  3.62  3.31  2.95  
Mean absolute percentage difference1 7.27% 2.82% 2.99% 4.16% 3.31% 3.54% 

  
  

Note:  (1) Reference was made to the manual rain gauge at the HKIA Meteorological Station in compiling the root mean square errors and the mean 
absolute percentage differences.    

 (2) Locations of the raingauges in the test bed are shown in Figure 2. 
 (3) Missing no. of rain episodes due to maintenance of the raingauges. 
 (4) Mean absolute percentage difference less than 5% are highlighted in yellow. 
 11



 12

 
Table 5:   Rainfall intensities recorded by various 0.1/0.2-mm resolution raingauges at the 

King’s Park inter-comparison site on the morning of 17 June 2011 
 

Raingauge Peak rainfall intensity (mm/hr) Time of occurrence (HH:MM) 

SL3-1 (A) (0.1 mm) 162 01:37 

SL3-1 (B) (0.1 mm) 150 01:37 

Logotronic (A) (0.1 mm) 150 01:37 

Logotronic (B) (0.1 mm) 156 01:37 

ETG (0.2mm) 154.5 01:38 

Mean 154.5  

 
 
 

Table 6:   Rainfall intensities recorded by various 0.1-mm resolution raingauges at the Hong 
Kong International Airport inter-comparison site on the morning of 28 June 2011 

 
Raingauge Peak rainfall intensity (mm/hr) Time of occurrence (HH:MM) 

Ogawa A (0.1 mm) 132 05:02 

Ogawa B (0.1 mm) 132 05:02 

Ogawa C (0.1 mm) 138 05:03 

Logotronic (0.1 mm) 138 05:02, 05:03 

Meteoservis (0.1 mm) 138 05:03 

SL3-1 (0.1 mm) 138 05:03 

Mean 136.0  



 

 
 
Figure 1  Locations of raingauges at the King’s Park Meteorological Station test bed. 
 
 
 

 
 
Figure 2 Locations of raingauges at the Hong Kong International Airport Meteorological 

Station test bed. 
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Figure 3 Equipment set-up for in-house calibration of raingauges (A high precision 

dispensing pump was used to provide constant water flow rate in order to 
determine the accuracy of the raingauge under different simulated rainfall 
intensities). 

 

 
 
Figure 4 Error curves (compared with WMO’s + 5% uncertainty limits) obtained in the 

laboratory under different simulated rainfall rates for those raingauges at the 
King’s Park inter-comparison site (second order polynomial functions are used 
for curve fitting). 
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Figure 5 Error curves (compared with WMO’s + 5% uncertainty limits) obtained in the 

laboratory  under different simulated rainfall rates for those raingauges at the 
Hong Kong International Airport inter-comparison site (second order polynomial 
functions are used for curve fitting). Ogawa raingauges were checked up to 100 
mm/hr as their errors exceed 5 % for rainfall intensity reaching above 100 mm/hr 
(Chan et.al, 2004). 
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Figure 6 Mean percentage errors of various raingauges (compared to manual gauge (A)) 

at the King’s Park inter-comparison site.  Vertical bar denotes ±1 standard 
deviation. 

 
 



 
Figure 7 Mean percentage errors of various raingauges (compared to one of the manual 

gauge) at the Hong Kong International Airport inter-comparison site.  Vertical 
bar denotes ±1 standard deviation. 
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Figure 8 Time series of rainfall intensities recorded by various 0.1/0.2-mm resolution 

raingauges at the King’s Park inter-comparison site on the morning of 17 June 
2011. 
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Figure 9 Time series of rainfall intensities recorded by various 0.1 mm resolution 

raingauges at the Hong Kong International Airport inter-comparison site on the 
morning of 28 June 2011. 
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Figure 10 The design of the 0.1mm resolution SL3-1 raingauge.  A two-layer tipping 

mechanism is used to provide a larger buffering capacity to cope with higher 
intensity rainfall events. 
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