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ASTI weather stations

Automated Water Level WLMS with Rain Agrometeorological Station

Gauge (ARG) Mmitﬁgﬁﬂg?ﬁm Gauge (Agromet)

Weather Station Automated Rain

(AWS)




of stations

Number

AWS deployment

~1800
stations

0.35 billion :
records

2011




Applications of weather data

*\Weather monitoring

* Early warning or advisories
» Rainfall forecasting

* Flood forecasting

* Research (e.g. NWP, climate,
validation)



Motivations of QC

 Make it easier for data users to identify suspicious and
erroneous data, and to highlight corrected values

 avoid the issuance of warnings or advisories based on
anomalous data [1]

* Minimize analysis and weather prediction errors [2, 3]
* |dentify calibration, measurement, and communication errors

* Detect deterioration and malfunction of sensors
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Quality control checks

Table 1: Quality control procedure applied to ASTI automated weather stations for 15-minute data.

Validation procedures Air pressure (hPa) Air temperature (°C)  Relative humidity (%) Rainfall (mm) Wind speed (km/h)

Timestamp check [t — round (¢, p)| < 2.5 minutes
rank (|t — round (¢, p)|) = 1

Range check 640 < P, < 1022 0<T, <50 0< RH; <9 0< R <30 0<U <270
(PAGASA, 2014) (PAGASA, 2014) (PAGASA, 2014)
0 < R <600
Step check | Py — Pr—1] <£0.6 |7, — T34 < 1.5 |RH, — RH; 1| <30 Uy — U1 <75
2\ 2 9\ 7 L= !
Persistence check <(Px - (Pm>)2> > 0.1 <(T;v - (Tw))l> > 0.1 <(RH.,E - (RHw)f) > 0.1 <(Ux .y -’x)f) > 0.4
Internal consistency check T>1Ty rain > 0 and value > 60 value = 0 and duration =0 speed = 0 and direction = 0
(Zahumensky, 2004) value > 0 and duration > 0 speed # 0 and direction # 0
(Zahumensky, 2004) (Zahumensky, 2004)

value > 0 and RH > 60
Lri < Urmax

Spatial check not yet implemented

t: time stamp of a measurement record; p: sampling period of the station in minutes; round(#,p): rounded timestamp based on p; P;: air pressure at time #; P, :
air pressure 15 minute before time ¢; Py: (P, Pi—1, Pi—a, ..., Pi—12); T;: air temperature at time ¢; T;—;: air temperature 15 minute hefore time ¢; T: (T3, Ti—1,
Ti o, ..., Tt _12); Ty: dew point temperature; RHy: relative humidity at time ¢; RH,; ;: relative humidity 15 minute before time t; RH,: (RH;, RH; 1, RH; o,
ey RHy_12); Ry: rainfall amount at time ¢; Rf: daily accumulated rainfall ending at time ¢; U;: wind speed at time ¢; P;_: wind speed 15 minute before time
b Uy (Uy, U1, Up_a, ooy, Uy_12); Unax: maximum wind speed

implemented using Apache Spark™

10



Quality control checks

Table 1: Quality control procedure applied to ASTI automated weather stations for 15-minute data.

Validation procedures

Air pressure (hPa) Air temperature (°C)  Relative humidity (%) Rainfall (mm) Wind speed (km/h)

Timestamp check

[t — round (¢, p)| < 2.5 minutes
rank (|t — round (¢, p)|) =1

Range check

Step check

Persistence check

Internal consistency check

Spatial check

640 < P, < 1022 0<T; <50 0< RH; <95 0< R <30 0<U <270
(PAGASA, 2014) (PAGASA, 2014) (PAGASA, 2014)
0 < R <600
| Py — P—1] £0.6 |7, — T34 < 1.5 |RH, — RH, 1| <30 Uy — U1 <75
2\ 2 2\ 2 2\ 7 s
<(Px - (P,r>)2> > 0.1 <(Tw - (Tw))2> > 0.1 <(RH.,E - (RH,v))2> > 0.1 <(Ux - (Ux)f) > 0.4
T>1Ty rain > 0 and value > 60 value = 0 and duration =0 speed = 0 and direction = 0
(Zahumensky, 2004) value > 0 and duration > 0 speed # 0 and direction # 0
(Zahumensky, 2004) (Zahumensky, 2004)

value > 0 and RH > 60
Ut < Umax

not yet implemented

t: time stamp of a measurement record; p: sampling period of the station in minutes; round(#,p): rounded timestamp based on p; P;: air pressure at time #; P, :
air pressure 15 minute before time ¢; Py: (P, Pi—1, Pi—a, ..., Pi—12); T;: air temperature at time ¢; T;—;: air temperature 15 minute hefore time ¢; T: (T3, Ti—1,
Ti o, ..., Tt _12); Ty: dew point temperature; RHy: relative humidity at time ¢; RH,; ;: relative humidity 15 minute before time t; RH,: (RH;, RH; 1, RH; o,
ey RHy_12); Ry: rainfall amount at time ¢; Rf: daily accumulated rainfall ending at time ¢; U;: wind speed at time ¢; P;_: wind speed 15 minute before time
b Uy (Uy, U1, Up_a, ooy, Uy_12); Unax: maximum wind speed

implemented using Apache Spark™

11




Quality control checks

Table 1: Quality control procedure applied to ASTI automated weather stations for 15-minute data.

Validation procedures

Air pressure (hPa) Air temperature (°C)  Relative humidity (%) Rainfall (mm) Wind speed (km/h)

Timestamp check

[t — round (¢, p)| < 2.5 minutes
rank (|t — round (¢, p)|) = 1

Spatial check

Range check 640 < P, < 1022 0<T, <50 0< RH; <9 0< R <30 0<U <270
(PAGASA, 2014) (PAGASA, 2014) (PAGASA, 2014)
0 < R{ < 600
Step check | Py — P—1] £0.6 |7, — T34 < 1.5 |RH, — RH; 1| <30 Uy — U1 <75
1 1 1 1
Persistence check <(Px - (P,,,.>)2>2 > 0.1 <(Tw - (Tw)f)z > 0.1 <(RH.,E - (RH,v))zy > 0.1 <(Ux - (Ux)f)Z > 0.4
Internal consistency check T>1Ty rain > 0 and value > 60 value = 0 and duration =0 speed = 0 and direction = 0
(Zahumensky, 2004) value > 0 and duration > 0 speed # 0 and direction # 0
(Zahumensky, 2004) (Zahumensky, 2004)

value > 0 and RH > 60
Ut < Umax

not yet implemented

t: time stamp of a measurement record; p: sampling period of the station in minutes; round(#,p): rounded timestamp based on p; P;: air pressure at time #; P, :
air pressure 15 minute before time ¢; Py: (P, Pi—1, Pi—a, ..., Pi—12); T;: air temperature at time ¢; T;—;: air temperature 15 minute hefore time ¢; T: (T3, Ti—1,
Ti o, ..., Tt _12); Ty: dew point temperature; RHy: relative humidity at time ¢; RH,; ;: relative humidity 15 minute before time t; RH,: (RH;, RH; 1, RH; o,
ey RHy_12); Ry: rainfall amount at time ¢; Rf: daily accumulated rainfall ending at time ¢; U;: wind speed at time ¢; P;_: wind speed 15 minute before time
b Uy (Uy, U1, Up_a, ooy, Uy_12); Unax: maximum wind speed

implemented using Apache Spark™

12




Incident reported by a user

1=

L4
Tongonan Es, Kananga, Tongonan, Kananga, Leyte
Rainfall Nov 24, 2016 06:00 PM
in the last 24 hours Rainfall: 49mm

50

40

. 30
E
E

E 20

10

I
U || VA
0
* NOAH Program

13



Quality control checks

Table 1: Quality control procedure applied to ASTI automated weather stations for 15-minute data.

Validation procedures

Air pressure (hPa) Air temperature (°C)  Relative humidity (%) Rainfall (mm) Wind speed (km/h)

Timestamp check

[t — round (¢, p)| < 2.5 minutes
rank (|t — round (¢, p)|) = 1

Spatial check

Range check 640 < P, < 1022 0<T, <50 0< RH; <9 0< R <30 0<U <270
(PAGASA, 2014) (PAGASA, 2014) (PAGASA, 2014)
0 < R{ < 600
Step check | Py — P—1] £0.6 |7, — T34 < 1.5 |RH, — RH; 1| <30 Uy — U1 <75
1 1 1 1
Persistence check <(Px - (P,,,.>)2>2 > 0.1 <(Tw - (Tw)f)z > 0.1 <(RH.,E - (RH,v))zy > 0.1 <(Ux - (Ux)f)Z > 0.4
Internal consistency check T>1Ty rain > 0 and value > 60 value = 0 and duration =0 speed = 0 and direction = 0
(Zahumensky, 2004) value > 0 and duration > 0 speed # 0 and direction # 0
(Zahumensky, 2004) (Zahumensky, 2004)

value > 0 and RH > 60
Ut < Umax

not yet implemented

t: time stamp of a measurement record; p: sampling period of the station in minutes; round(#,p): rounded timestamp based on p; P;: air pressure at time #; P, :
air pressure 15 minute before time ¢; Py: (P, Pi—1, Pi—a, ..., Pi—12); T;: air temperature at time ¢; T;—;: air temperature 15 minute hefore time ¢; T: (T3, Ti—1,
Ti o, ..., Tt _12); Ty: dew point temperature; RHy: relative humidity at time ¢; RH,; ;: relative humidity 15 minute before time t; RH,: (RH;, RH; 1, RH; o,
ey RHy_12); Ry: rainfall amount at time ¢; Rf: daily accumulated rainfall ending at time ¢; U;: wind speed at time ¢; P;_: wind speed 15 minute before time
b Uy (Uy, U1, Up_a, ooy, Uy_12); Unax: maximum wind speed

implemented using Apache Spark™

14




Quality control checks

Table 1: Quality control procedure applied to ASTI automated weather stations for 15-minute data.

Validation procedures

Air pressure (hPa) Air temperature (°C)  Relative humidity (%) Rainfall (mm) Wind speed (km/h)

Timestamp check

[t — round (¢, p)| < 2.5 minutes
rank (|t — round (¢, p)|) = 1

Spatial check

Range check 640 < P, < 1022 0<T, <50 0< RH; <9 0< R <30 0<U <270
(PAGASA, 2014) (PAGASA, 2014) (PAGASA, 2014)
0 < R <600
Step check | Py — P—1] £0.6 |7, — T34 < 1.5 |RH, — RH; 1| <30 Uy — U1 <75
1 1 1 1
Persistence check <(Px - (P,,,.>)2>2 > 0.1 <(Tw - (Tw)f)z > 0.1 <(RH.,E - (RH,v))zy > 0.1 <(Ux - (Ux)f)Z > 0.4
Internal consistency check T>1Ty rain > 0 and value > 60 value = 0 and duration =0 speed = 0 and direction = 0
(Zahumensky, 2004) value > 0 and duration > 0 speed # 0 and direction # 0
(Zahumensky, 2004) (Zahumensky, 2004)

value > 0 and RH > 60
Ut < Umax

not yet implemented

t: time stamp of a measurement record; p: sampling period of the station in minutes; round(#,p): rounded timestamp based on p; P;: air pressure at time #; P, :
air pressure 15 minute before time ¢; Py: (P, Pi—1, Pi—a, ..., Pi—12); T;: air temperature at time ¢; T;—;: air temperature 15 minute hefore time ¢; T: (T3, Ti—1,
Ti o, ..., Tt _12); Ty: dew point temperature; RHy: relative humidity at time ¢; RH,; ;: relative humidity 15 minute before time t; RH,: (RH;, RH; 1, RH; o,
ey RHy_12); Ry: rainfall amount at time ¢; Rf: daily accumulated rainfall ending at time ¢; U;: wind speed at time ¢; P;_: wind speed 15 minute before time
b Uy (Uy, U1, Up_a, ooy, Uy_12); Unax: maximum wind speed

implemented using Apache Spark™

15




Quality control checks

Table 1: Quality control procedure applied to ASTI automated weather stations for 15-minute data.

Validation procedures

Air pressure (hPa) Air temperature (°C)  Relative humidity (%) Rainfall (mm) Wind speed (km/h)

Timestamp check

[t — round (¢, p)| < 2.5 minutes
rank (|t — round (¢, p)|) = 1

Spatial check

Range check 640 < P, < 1022 0<T, <50 0< RH; <9 0< R <30 0<U <270
(PAGASA, 2014) (PAGASA, 2014) (PAGASA, 2014)
0 < R <600
Step check | Py — P—1] £0.6 |7, — T34 < 1.5 |RH, — RH; 1| <30 Uy — U1 <75
1 1 1 1
Persistence check <(Px - (P,,,.>)2>2 > 0.1 <(Tw - (Tw))2>2 > 0.1 <(RH.,E - (RH,v))zy > 0.1 <(Ux - (Ux)f)Z > 0.4
Internal consistency check T>1Ty rain > 0 and value > 60 value = 0 and duration =0 speed = 0 and direction = 0
(Zahumensky, 2004) value > 0 and duration > 0 speed # 0 and direction # 0
(Zahumensky, 2004) (Zahumensky, 2004)

value > 0 and RH > 60
Ut < Umax

not yet implemented

t: time stamp of a measurement record; p: sampling period of the station in minutes; round(#,p): rounded timestamp based on p; P;: air pressure at time #; P, :
air pressure 15 minute before time ¢; Py: (P, Pi—1, Pi—a, ..., Pi—12); T;: air temperature at time ¢; T;—;: air temperature 15 minute hefore time ¢; T: (T3, Ti—1,
Ti o, ..., Tt _12); Ty: dew point temperature; RHy: relative humidity at time ¢; RH,; ;: relative humidity 15 minute before time t; RH,: (RH;, RH; 1, RH; o,
ey RHy_12); Ry: rainfall amount at time ¢; Rf: daily accumulated rainfall ending at time ¢; U;: wind speed at time ¢; P;_: wind speed 15 minute before time
b Uy (Uy, U1, Up_a, ooy, Uy_12); Unax: maximum wind speed

implemented using Apache Spark™

16




Quality control checks

Table 1: Quality control procedure applied to ASTI automated weather stations for 15-minute data.

Validation procedures

Air pressure (hPa) Air temperature (°C)  Relative humidity (%) Rainfall (mm) Wind speed (km/h)

Timestamp check

[t — round (¢, p)| < 2.5 minutes
rank (|t — round (¢, p)|) = 1

Range check 640 < P, < 1022 0<T, <50 0< RH; <9 0< R <30 0<U <270
(PAGASA, 2014) (PAGASA, 2014) (PAGASA, 2014)
0 < R <600
Step check | Py — P—1] £0.6 |7, — T34 < 1.5 |RH, — RH; 1| <30 Uy — U1 <75
1 1 1 1
Persistence check <(Px - (P,,,.>)2>2 > 0.1 <(Tw - (Tw)f)z > 0.1 <(RH.,E - (RH,v))zy > 0.1 <(Ux - (Ux)f)Z > 0.4
Internal consistency check T>1Ty rain > 0 and value > 60 value = 0 and duration =0 speed = 0 and direction = 0
(Zahumensky, 2004) value > 0 and duration > 0 speed # 0 and direction # 0
(Zahumensky, 2004) (Zahumensky, 2004)

value > 0 and RH > 60
Ut < Umax

Spatial check

not yet implemented

t: time stamp of a measurement record; p: sampling period of the station in minutes; round(#,p): rounded timestamp based on p; P;: air pressure at time #; P, :
air pressure 15 minute before time ¢; Py: (P, Pi—1, Pi—a, ..., Pi—12); T;: air temperature at time ¢; T;—;: air temperature 15 minute hefore time ¢; T: (T3, Ti—1,
Ti o, ..., Tt _12); Ty: dew point temperature; RHy: relative humidity at time ¢; RH,; ;: relative humidity 15 minute before time t; RH,: (RH;, RH; 1, RH; o,
ey RHy_12); Ry: rainfall amount at time ¢; Rf: daily accumulated rainfall ending at time ¢; U;: wind speed at time ¢; P;_: wind speed 15 minute before time
b Uy (Uy, U1, Up_a, ooy, Uy_12); Unax: maximum wind speed

implemented using Apache Spark™

17




Quality control checks

Table 1: Quality control procedure applied to ASTI automated weather stations for 15-minute data.

Validation procedures Air pressure (hPa) Air temperature (°C)  Relative humidity (%) Rainfall (mm) Wind speed (km/h)

Timestamp check [t — round (¢, p)| < 2.5 minutes
rank (|t — round (¢, p)|) = 1

Range check 640 < P, < 1022 0<T, <50 0< RH; <9 0< R <30 0<U <270
(PAGASA, 2014) (PAGASA, 2014) (PAGASA, 2014)
0 < R <600
Step check | Py — P—1] £0.6 |7, — T34 < 1.5 |RH, — RH; 1| <30 Uy — U1 <75
1 1 1 1
Persistence check <(Px - (P,,,.>)2>2 > 0.1 <(Tw - (Tw)f)z > 0.1 <(RH.,E - (RH,v))zy > 0.1 <(Ux - (Ux)f)Z > 0.4
Internal consistency check T>1Ty rain > 0 and value > 60 value = 0 and duration =0 speed = 0 and direction = 0
(Zahumensky, 2004) value > 0 and duration > 0 speed # 0 and direction # 0
(Zahumensky, 2004) (Zahumensky, 2004)

value > 0 and RH > 60
Ut < Umax

Spatial check not yet implemented

t: time stamp of a measurement record; p: sampling period of the station in minutes; round(#,p): rounded timestamp based on p; P;: air pressure at time #; P, :
air pressure 15 minute before time ¢; Py: (P, Pi—1, Pi—a, ..., Pi—12); T;: air temperature at time ¢; T;—;: air temperature 15 minute hefore time ¢; T: (T3, Ti—1,
Ti o, ..., Tt _12); Ty: dew point temperature; RHy: relative humidity at time ¢; RH,; ;: relative humidity 15 minute before time t; RH,: (RH;, RH; 1, RH; o,
ey RHy_12); Ry: rainfall amount at time ¢; Rf: daily accumulated rainfall ending at time ¢; U;: wind speed at time ¢; P;_: wind speed 15 minute before time
b Uy (Uy, U1, Up_a, ooy, Uy_12); Unax: maximum wind speed

implemented using Apache Spark™

18



Experiment

* 14 selected stations

 Ground truth obtained
from PAGASA
synoptic station
measurements

e Period: 2012 — 2015

e VVariables: rainfall and
temperature
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* Using 14 test automated weather stations (AWS)
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But there’s still
work to be done.
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QC statistics

Table 3: Percentage of flagged meteorological data using the quality control procedure.
Data were collected from all automated weather stations from October 2012 to December

2015.

Variables Total obs Tests

Timestamp Range Step  Persistence Internal consistency
Air pressure 58,228,395 6.29% 1.21% 1.59% 0.12%
Air temperature 4,390,234 0.18% 1.41% 0.53% 0.27% 0.00%
Relative humidity 4,390,234 0.18% 3.36% 0.09% 1.79% 0.38%
Rainfall 59,825,488 6.89%  0.03% 0.41%
Wind speed 4,390,234 0.18% 0.00% 0.00% 65.67% 5.07%
Total 131,224,585
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Future work

» continuous improvements to the algorithm (e.g.
Spatial consistency check)

 algorithm optimization

 more importantly, to complete the quality
control system pipeline, distribution of the
quality-controlled data to end-users.
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Summary

« Data quality control is important

e Correct observation data is crucial to
forecasters and decision makers

 Garbage in, garbage out
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Thank you for listening. :)
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