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Abstract
The precipitation data measured using the rain gauge is utilized in various fields. Precipitation gauge calibration system is needed to guarantee the reliability of the data measured by a rain gauge. 

  The Korean Meteorological Administration (KMA) introduced the system to calibrate automatically a rain gauge. The measurement principle of this calibration system is that the rainfall measured by supplying the water to the rain gauge for calibration compares to the calculated rainfall as the measurement environments such as the mass and the temperature of water. This is the method of calibration for rainfall using the mass measurement which will made out the uncertainty of the rain gauge for calibration. 

  Using this mass measurement method, measurement accuracy would be enhanced. The measurement resolution is 0.005mm. It could handle the rain intensity from 20 to 300 mm/hr by one-stop processing. 

  This system automates the processing to test the performance of the common rain gauge. It's convenient for not only handling because of using the program which calculates the error of the rain gauge by rain intensity but also monitoring as shown the performance data directly as soon as the measurement is completed.
1. Introduction
Calibration is to establish the relationship between a measuring device and the units of measure. This is done by comparing a device or the measured value of an instrument to a standard value having known measurement characteristics. In the case of the precipitation gauge calibration, the precipitation data measured using the rain gauge can be calibrated by comparing it to the standard which has the known rainfall amount. Once the relationship of the rain gauge to the standard is known the rain gauge is calibrated and can be used to compare the precipitation to other things.

The quality of the calibration needs to be known in many operation sites and can be quantified by an uncertainty estimate for the calibration. To improve the calibration quality and have the results accepted by the other organizations it is advisable for the calibration and continuity of measurements to be "traceable" to the internationally defined measurement units. To establish traceability is achieved by a formal comparison to a standard which is directly or indirectly related to national standards, international standards, or certified reference materials.

Therefore, this study shows the relationship between the precipitations measured using rain gauge and the standard at four points as 10mm/h, 80mm/h, 200mm/h, and 300mm/h.
2. Instrument
a. Specification of calibrator
· The type is the mass measurement method

· The measurement resolution is 0.005mm

· The instruments could handle the rain intensity from 20 to 300 mm/hr by  one-stop    processing 

b. Construction and functions of calibrator 
·  MTr : motor for loading or unloading rain gauge, or rain gauge with water 

·  MT1 : motor for loading or unloading weight of I kg 

·  MT2 : motor for loading or unloading weight of 2 kg 

·  MT5 : motor for loading or unloading weight of 5 kg 

·  MT7 : motor for loading or unloading weight of 7 kg 

·  MTs : motor for stopping flow of water  

·  CT : sensor for counting rain volume 

·  PM : pump for supplying water 

·  AD : sensor for measuring air density (air temperature, humidity, pressure) 

·  WT : sensor for measuring water temperature 

·  BL : reading of balance
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Fig. 1 Rain gauge calibrator made in KMA and KRISS (Korea Research Institute of Standards and Science)
3. Result of precipitation gauge calibration
a. Result of Rain Gauge Calibration
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Table 1. The result comparing one rain gauge to a standard
※ The water density
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Where, ρ(max) = 0.9999734 g/cm3
t: water temperature(℃)
※ The air density
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Where, P: air pressure (Pa) 

       H: relative humidity (% R.H.)

       t: water temperature (℃)

b. Uncertainty estimate  
 ▣ A mathematical model 
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Where, mf: balance value before discharged (g)

me: balance value after discharged (g)

δs: reciprocal sensitivity (g/div.)

ρA: Air density at measuring the balance sensitivity (ρA = 0.0012g/cm3)
ρB: density of standard weight used to measure the balance sensitivity (ρB = 8.0g/cm3)
ρW: water density (g/cm3)
ρa: air density (g/cm3)
D: A diameter of receptor of rain gauges (cm)
c. Error graph of rain gauge
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Fig. 2. Error graph of rain gauge at the standard precipitation























































































































































































































































































