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Abstract A real-time quality control system for meteorological data (air temperature, air
pressure, relative humidity, wind speed, wind direction, and precipitation) measured by an inte-
grated meteorological sensor has been developed based on comparison of quality control pro-
cedures for meteorological data that were developed by the World Meteorological Organization
and the Korea Meteorological Administration (KMA), using time series and statistical analysis
of a 12-year meteorological data set observed from 2000 to 2011 at the Incheon site in Korea.
The quality control system includes missing value, physical limit, step, internal consistency,
persistence, and climate range tests. Flags indicating good, doubtful, erroneous, not checked, or
missing values were added to the raw data after the quality control procedure. The climate
range test was applied to the monthly data for air temperature and pressure, and its threshold
values were modified from +2 ¢ and +3 o to + 3 ¢ and + 6 o, respectively, in order to con-
sider extreme phenomena such as heat waves and typhoons. In addition, the threshold values of
the step test for air temperature, air pressure, relative humidity, and wind speed were modified
to 0.7°C, 0.4 hPa, 5.9%, and 4.6 m s, respectively, through standard deviation analysis of step
difference according to their averaging period. The modified quality control system was
applied to the meteorological data observed by the Weather Information Service Engine in
March 2014 and exhibited improved performance compared to the KMA procedures.
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Fig. 1. Flow chart of the WISE quality control system for
integrated meteorological sensor data.
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Fig. 2. Flow chart of the quality check module for each
meteorological variable.
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Fig. 3. Time series of 1-minute averaged (a) air temperature
(°C), (b) air pressure (hPa), (c) relative humidity (%), (d)
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Table 1. Quality control methods applied to each meteorological variable.

Meteorological Missing Physical Step Internal Persistence Climate
variable value test limit test test consistency test test range test

Air Temperature O (0] (¢ - o (¢

Air pressure (¢ (¢ (¢ - (0} O

Relative Humidity o (¢ o - (0} -

Wind Speed O (6] O O o -

Wind Direction o (¢ - o o -

Precipitation o O - - - -
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Fig. 4. Probability distribution of 1-minute averaged (a) air
temperature (°C), (b) air pressure (hPa), (c) relative humidity
(%), (d) wind speed (m s™") for the period from 1 January
2000 to 31 December 2011 at the Incheon Site.
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Table 2. Comparison of quality control methods of WMO, KMA (RQMOD), and WISE (QCIMS). ‘T, ‘P>, ‘RH’, ‘WS’, ‘WD’,
and ‘PR’ stand for air temperature, air pressure, relative humidity,wind speed, wind direction, and precipitation rate, respectively.

Method WMO KMA (RQMOD) WISE (QCIMS)
Missing ) Missing value Missing value
value test 9999 or 99999 -999
Reiect Erroneous Erroneous
Physical The measure r1:]1 ent range of a T (=33~40°C), P (886~1042 hPa), T (-50~60°C), P (300~1200 hPa),
limit test ertinent sensorg RH (0.1~100%), WS (0~42 m s™"), RH (0~100%), WS (0~75 ms™"),
P WD (0.5~360°), PR (0~1000 mm h™") WD (0~360°), PR (0~30 mm min ")
Doubtful Doubtful
T (3°C), P (0.5 hPa), - T (0.7°C), P (0.4 hPa),
RH (10%), WS (10m s™) RH (5.9%), WS (4.6 ms™)
Step test
Erroneous Erroneous Erroneous
P (2 hPa), RH (15%), T (3°C), P (0.5 hPa), P (2 hPa), RH (15%),
WS (20ms™) RH (10%), WS 20 ms™') WS (20ms™)
Internal Erroneous Erroneous Erroneous
consistency WS=0ms" and WD % 0° WS=0ms"'and WD #0° WS=0ms" and WD #0°
test WS=0ms™ and WD=0° WS=0ms™ and WD=0° WS=0ms™ and WD=0°
Doubtful
0 Doubtful
Rle E(l);’})C)\;Vg ((%'15 hnf?,’l) T (0.1°C), P (0.1 hPa), RH (1%),
OVi/D © 1;) ’ WS (0.5m s™), WD (0.1%)
! ) S . - % Apply when the humidity is
. % Apply when the humidity is 0 e
Persistence  jegs than 95% and 10-minute less than 9% and 10-minute
test . . average wind speed is greater
average wind speed is greater 2
-1 than 0.1 m s
than 0.1 m s
Erroneous
- T (0.1°C), P (0.1 hPa), RH (1%), -
WS (0.2m ™), WD (10°)
) Doubtful Doubtful
T (20), P (20) T (30), P (30)
Climate Erroneous

range test T (-80~60°C), P (500~1100 hPa),
RH (0~100%), WS (0~75m s™),
WD (0~360°), PR (0~40 mm)

Erroneous
T (3o), P 30)

Erroneous
T (60), P (60)
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Table 3. Standard deviation of AT, AP, ARH, AWS according to each averaging interval for the period from 1 January 2000 to
31 December 2011 at the Incheon Site. Correlation coefficients between the averaging interval and standard deviation are

listed.

Average time (minute)  Air temperature (°C)

Air pressure (hPa)

Relative humidity (%)  Wind speed (m s™)

1 0.06 0.04 0.59 0.64
2 0.09 0.07 0.70 0.59
5 0.16 0.08 1.02 0.53
10 0.23 0.12 1.52 0.52
30 0.47 0.25 3.06 0.58
60 0.80 043 4.79 0.68
Correlation coefficient 0.99 0.99 0.99 0.58
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(%), (d) wind speed (m s™") for the period from 1 January
2000 to 31 December 2011 at the Incheon Site.
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Fig. 7. Monthly probability distribution of 1-minute averaged air temperature (°C) for the period from 1 January 2000 to 31
December 2011 at the Incheon Site. ‘m’ is mean of data and ‘c’ is standard deviation of data.
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Fig. 8. Monthly probability distribution of 1-minute averaged air pressure (hPa) for the period from 1 January 2000 to 31
December 2011 at the Incheon Site. ‘m’ is mean of data and ‘c’ is standard deviation of data.
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Fig. 9. Time series of 1-minute averaged air temperature (°C) on April in 2002 (thin solid line) and 2005 (thick solid line) at the
Incheon Site. 30, 40, 50, and 66 during the 12 years from 2000 to 2011 are denoted.
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Fig. 10. Time series of 1-minute averaged air pressure (hPa) on September in 2000 (thin solid line), 2003 (thick solid line), and

2004 (dotted line) at the Incheon Site. 36, 40, 56, and 66 during the 12 years from 2000 to 2011 are denoted.
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Table 4. Monthly threshold values and their probability included in the climate doubtful and erroneous threshold for air
temperature.

Month Doubtful Threshold (3c) Erroneous Threshold (6c)
o Min (°C) Max (°C) Probability Min (°C) Max (°C) Probability
1 -15.7 12.4 0.9968 -29.8 26.5 1
2 -12.2 14.6 0.9949 -25.6 28.0 1
3 —6.8 18.2 0.9985 -19.3 30.7 1
4 -0.4 23.7 0.9941 -12.5 35.7 1
5 5.7 28.3 0.9964 5.6 39.6 1
6 11.7 30.7 0.9986 22 40.3 1
7 16.0 32.2 0.9945 7.9 40.3 1
8 16.9 33.7 0.9957 8.5 42.1 1
9 114 31.8 0.9978 1.2 42.1 1
10 33 28.0 0.9959 -9.0 40.3 1
11 -6.3 229 0.9998 -20.9 37.5 1
12 -14.1 16.0 0.9995 -29.2 31.1 1

Table 5. Monthly threshold values and their probability included in the climate doubtful and erroneous threshold for air
pressure.

Month Doubtful Threshold (3c) Erroneous Threshold (6c)

ont Min (hPa) Max (hPa) Probability Min (hPa) Max (hPa) Probability

1 1007.5 1039.4 0.9995 991.5 1055.4 1

2 1004.8 1038.6 0.9927 987.8 1055.5 1

3 999.6 1035.8 0.9951 981.4 1054.0 1

4 996.5 1030.7 0.9977 979.4 1047.8 1

5 994.5 1025.1 0.9940 979.2 1040.5 1

6 992.9 1020.1 0.9967 979.3 1033.7 1

7 991.6 1018.5 0.9959 978.2 1032.0 1

8 995.0 1020.1 0.9954 982.4 1032.6 1

9 998.8 1026.5 0.9905 984.9 10403 1

10 1004.3 1031.3 0.9954 990.8 1044.9 1

11 1005.9 1036.3 0.9971 990.7 1051.5 1

12 1007.2 1039.3 0.9968 991.1 1055.3 1
ol 299 Hr HEF7|L 6.9°C, FL7| 9.5°C AL & & Jd=d ol TH# W7t Fig. 7 3 Fig.
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