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Towards semi-automation of manual precipitation data quality control at M eteoSwiss using
gpatial information

At MeteoSwiss severa automatic data quality control systems for automated data are operational
and incorporated into our data warehouse system (DWH) for severa years now. They allow treating
automatically retrieved data at high temporal resolution (usually 10 minute) with a high degree of
automation using a graphical user interface for interactive correction of data (see companion paper
by van Geljtenbeek et a.).

A few surface measurement networks, such as the manual precipitation network with ~330 stations
retrieving 1-day precipitation sums are still treated manualy and create a substantial workload
which should be reduced. We present a semi-automatic approach that incorporates automatic spatial
interpolation and empirical thresholds to flag suspicious values which are then evaluated by expert
knowledge. It is shown that although there are several problems with the interpolation in the high
Alpine terrain due to spatial density of the network, the manua workload can be reduced
substantially by the new tool. In the lowlands the method is very reliable. In more complex terrain,
such as the Swiss Alps, or convective cases, expert knowledge, using additional local information
about the station, is still very helpful to decide whether an automatically identified suspicious value
is indeed wrong and needs to be corrected. Therefore a fully automated data quality control is not
recommended especially as long as the measurements are not fully automated and difficult to detect
shifts, i.e. wrong allocations of date to a measurement, can occur.

There are several applications of the above tool such as the testing of historical data, e.g. to find
“potential” values that are saved as 1-day sum but are several day-sums in reality. Finding and
removing these wrong record values can be crucial for a proper extreme value analysis.

Further refinement of the interpolation method (especially for sparse measurement networks) and
testing of less empirically based flagging thresholds are planned in the future.
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¥  Manual precipitation network (NIME)
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¥  Manual precipitation network (NIME)
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¥ Data quality control NIME

Overview
Niederschlag — précipitations help Sheet
,currently”
. . Ind. Station mo.M 1 2 3. 4 5 6 7. 8 9 10
manual correction of 331 stations, s supuou ws . . .05 65 . 12 10
~3-4% of values need correction 0 Congla a6 25 51 | . 1e a8 3 | |
9670 Pcsc_hiav_m"Robbia 1078 33 049 . 145 97 209 .02
task: shift, distribute, interpolate 3730 Campocsiogno B . 18 . s soad | ol
without missing anything 70 Sogo o 34 83 . 101 7238 | 02
= suspicious cases identified 3620 Pir Convatsch W 77 02 of 04 79 45168 | 0
. . . 9839 Bernina-Curtinatsch 2090 36 38 33 . 198 173 42 . .
Op“Ca”y and SUbJeC“Vely! 9845 Pontresina 174 35 29 21 . 29 57 27
9849 Samedan 1709 01 104 02 01 46 56 187
9870 Buttalora 1970 38 50 05 . 87 09 254
»aim isolated dryness
- semi-automatic correction 10.0 9.3
= using spatio(-temporal) information 129 111

sy 0.1 8.9
=4 I: task: find automatically and objectively 92 71 E{S

. all possible ,suspicious” cases, provide 8.8
objective interpolation values, split

,several day measurements” _
- reduce workload 2) uncertainty range 7.3 -9.4

N
1) interpol. value 8.6
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U  Spatial interpolation

objective interpolation values

= currently SYMAP gridding products (Frei and Schar 19981)
= distance-, directional-, and climatological weighting
= estimation of values at station but no uncertainty range...

Precipitation (mm) 1991-09-26 Precipitation (mm) 2009-06-05

IFrei, C. and Schar, C. 1998: A precipitation climatology of the Alps from high-resolution rain-gauge observations. Int. J. Climatol., 18, 873-900.
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U  Plausibility checks

DWD QUALKO 1992

3 cases of ,implausibility*

0.0
0.0 00
1. isolated precipitation 0.0 ™~ 0.0
. =~ | 13.2
implausible if 0.0 0 oO.O
max<l and r,,>10 0.00.0™
| 10.0 9.3
2. isolated dryness 12.9 11144
implausible if 9.2 0.0 8.5
Min>=0.1 and r,,s<0.1 and r;>=10 llgg 8.4
. 9.3
+ 3. too large deviations (general case) 100 411
R 12.9 ‘=89
above / below 59.1
. o 9.2 8.5
implausible if 71gg 8.4
Fobs > I+ 2*[(rmax'rmin)/2+30] .
9.3
10.0 111
r 12.9 1.1 ‘=89
Fobs < Fi— [(rmax'rmin)/2+3o] 92 8.5
. 848

l1lgg




¥  Original QUALKO 1992 checks

some clearly suspicious cases not identified...

= SHL 1.0 = FFLO.3 » HOE d HBE 1.2
LG 0.6 =UST 0.0
& KUE 0.2 « HIV 0.2 = 5P 3. m FUE 5.7
= SKEO 0.2 = EAM 6.5 m MAT 5.2
0.0 LGAL'O.0 W GTH 0.2 5 EEK 4.2
= RIC 0.2 'HU 5.1
m ELA T.1
w HAU 1.1 = WAE Du1
= SIH 1.1 = Gl mnWEJT 9.3
]
= LOT 0.4 B_zs'&u_s nTET 6.7
» BT 3.9 a5
= ZUB 0.0 R u REN 5.4 u WEE-D.3 DL b @, 2
%G55 2.7 wINN1.2 "OEL.O0.2 i m 3CT 1.3
= EUT 3.5 m ARO K.9
BT =S 1L s SRL 8.5
" : nMST 2.0
= OET 0.7 = ELT D='BLL 0.1 s LEH 4.5 m ZINZ 3.3
" SWZ1.2 W HOT 1.4
m SLE7LD 1.5
u BRN 3.7 21.0
i w ELN 2. w45 s MUS 3.5
= I5T1.0 o URE 575 1 nl.7 8.0
) 1 ] .
— = ALT 6.3 0.4 —
u TS 0.0 HfTFD 1.3 3.2 m 5MM 3.3
TET 7.4
= VEL 14.8 wTHS 10.dLEH 11.5 y a 21 1401 20.6
Gap 130 1 ad. T ud.9
oAl . . nl2
11.5 =5.0 =13.5
=1.8 =0.7 23.1= 6.3
- 0.0
VLS 12.6 aAND 7.9 Y
Ev15.1 nd.1 sl @ =9-2 a8.8
n 5 D@=dw'h .4 2.0 57.4
=11.5 o
s INF 8.2
" HIR 5.8 -8 =13.9
=16.9 =d.2
] £8.9 2.0 =13.
wEEE 1.2 m EEC 0.0 ml2.5 al.6 w6.7
21.9
13.6 w185 9.3 3.2
mMES 0.6 -5 - A 3 =23.1 =12.2 =2.1
=EBEH 4.2 8 l13.1
m 530G 9.4 = 18.8




¢

Lessons learned from QUALKO limits

Adaptations

= DWD QUALKO 1992 limits misses some unplausible
precipitation cases (esp on low end)

= Isolated precipitation:
does not find all isolated precipitations
-> adapt limits

= isolated dryness:
does not find all isolated dynesses
—> adapt limits

= general case (too large devitions):
does not find all cases we want to identify
-> relative method
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U  Plausibility checks

DWD QUALKO 1992 - spatial precipitation QC

3 cases of ,implausibility*

0.0
1. isolated precipitation 0.0 132 0.0
implausible if 0.0 “0.000
rmax<lund robs>m OO OO .
0.3
2. isolated dryne 12.9 111g4
implausible if . 9.2 8.5
rin>=022 und r,,.<Q2 und r;>=38 71gg 8.4
.
4+ 3. too large deviations (general case) 19 10.0 74 4
t above / below on 591 58-9
implausible if 71 3 88.4 '
Irobs > Iri T z*m . 9 3
>|3/4 [ I 10.0
ri ( max mln) 129 1 l 111 89
Fobs < Ti — [ eS0T 9.2 "~ 85
' 8.4
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U Adapted checks: too large deviation

Outliers now identified as suspicious!

spatial precipitation QC

= SHL 1.0 = FFL 0.3 » HOE d MBE 1.2
1G 0.6 =\UST 0.0
L WEUE 0.2 = HIV 0.2 = SPZ 3.7 m EUE 5.7
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0.0 LGL'O.0 wGIN 0.2 5 EEK 4.2
= BIC 0.2 Fuu 5.1
mELAT.1
w HAU 1.1 = WAE Du1
= STH 1.1 = O el nWEFJT 9.3
]
= LOT 0.4 B_zs'&u_s s TET 6.7
n ETIT 3.9 F N
« ZUE 0.0 R o « BEN 5.4 o VEE-D.3 DL @ 2
%G5S 2.7 W INN1.2 TeRL0.2 o m 5CU 1.3
» EUT 3.5 m ARC 5.9
BT m SLG 11.1 m SEL 8.5
= APT 3.1
nMST 2.0
= OET 0.7 = ELT OaBLL 0.1 mn LEH 4.5 m ZlZ 3.3
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Isolated dryness
identified by

QUALKO 1992
spatial |
precipitation QC
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Isolated precipitation
identified by

UALKO 1992

spatial precipitation QC et e
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NEW help sheet for data editors

example July 2009
—> day of month (1., 2., 3., ..., 30., 31))

measured example July 2009

: < stations

Stand: 16 Aug 2009 08:09

\ y . SU12. MO13. TU14. WE15. TH48. FR17. SA1E. SU15. MO20. TU2M. WE22 TH2X FR24. SA25 SU26 MO27. TU2B. WE29. TH30. FR31. sum [mm] norm %

F R 3. SA 4.\ SU 5 . M O 6. Y : o1 na MO 38M2s 551 ! L BEET nz B8 L1 27EE 11381258 52083

T —I n te r p O | ate dr 3953 s (£ ] 51 L5} 5 1171 4 MEE 9508 083

- T ODEES ! 4 AR L AEME .t A 12E3 na2 A 12TEE 362541 3250

STI0ER 1.2 /0.1 XG 4/15.1 3.0/10.7 n7 M3 0T 243305 6642 ! L 43E7 nz A TaEA mnz2 4 ZZEIDE 10241044 32154
’ K 15 LE} M4 EES 13244 i L AT4E 0 51078 mnz 4164NDT 1064823 102088
0.1/0.1 16.8/14 1 6.5/8.9 L1513 W3R 4TAMSI 2340 ! L 1ZEM45 nz i 4EEE 412200 M578T 259

23 4134 3AEID 0234 ! 4 A I AEEHE a1 i 5487 4 13534 14551513 55100

LR M23 ADAGE2E 1DORE ! L13A78 na i EEM4E LN 4 TAE3 1272161 17188

fCl 6 ’!U £ 1 1 4 * 5';1 0 " 1 9 ¥ 1 ';5 ¥ ? A1 1212 122312 29843 J il L 4563 121, i ED3E Jnz i BOMT 3570862 M0E5

b Ko X0 28 3 0z g zEm2 28 11148 72151

J0.4 4.7/01 10.2/12.2 9.7/4.5 L] nz2 A3 n32 TH3E 8515807 T8

L BAE3 nz 56 m2 1428 3321839 1285

.7 11D IEANTE 1113

/0.5 0.2/0.1 24.6/11.2 D5E. Ly D410 BAMILA 281110

58/55 . X103 3321887 1050104

‘NFO'I 8.2/9.6 M. 0E NSIST 115105

- 187 E 1104845 WK

5323 1304 |W y 1308, 0.4 87.52.1 101108

IEOMAT 3417 128 0205 04 3E1Z5 0543 245244 0.2 03 L 02Ms 0216 117101 20578 05 561884 1020105
SIBOIEMM 12 04 LLO33E14T 1378 60255 ! Lo1Tna £0.7 04 14.5120 548, 2208 14021074 1420108
IIOMUS 01T 2522 m2 JL2EONZT 164113 2121 . Loo14anz 2 13,120 SETO 1608 113TRST 1400105

- automatically detected ,unplausible value“ candidate

- green: automatically splitted , several day measurement” (relative)

- blue: several day measurement to split manually
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¥ monthly precip. anomaly 1 auto-DQC interpol. data
example NOV 2008 (%) TN

heavy precipitation south of
and in Alps, dry in north

raw data

f( Mete Swiss I 15
I drier

with possibility to suppress
certain stations (e.g. at high altitudes)

f( mmmmmmmmm
ridmch 2{'.'09—03 1?155.34



¢  Example with obvious problems...

monthly precipitation anomaly (%)
March 2009 raw

300
220
180
140
120




Summary

= Implemented method to objectively detect suspicious daily
precipitation sums using spatial interpolation plausibility in
complex terrain (incl. splitting of several day measurements)

= method helps to objectify the editing of precipitation data
and to reduce the workload for the data editors
—> concentration on editing outliers instead of finding them

= major challenges:
1. interpolation over mountainous terrain
—> sparse network, esp. for convection
2. plausibility limits
- What is an outlier? Site and amount specific?

Towards semi-automation of manual precipitation DQC | 7th DQM workshop, 5 November 2009, Copenhagen 16
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Challenge: interpolation (I)

SYMAP mean absolute error (MAE) and mean relative error (MRE)

year 2007 precip MAE MRE
(2005/2006 similar) [mm] [mm] [%]
<0.3 054 360
© 0305 076 190
1-3 1.4 70.9
3-5 1.8 45.6
5-10 24 331
" 1020 36 251
20-30 5.1
4 30-50 8.2
>50 13.3

for values
< ~2mm:

mean error
larger than
measurement!

~20%

Towards semi-automation of manual precipitation DQC | 7th DQM workshop, 5 November 2009, Copenhagen
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@ Challenge: Interpolation (I1)

SYMAP interpolation performance 2005-2007

5_

8-10 mm

rather overestimated

o
1

2005
2006

residual ipo-meas [mm]
|
= &
| |

grey: 10-90 percentile range

underestimated

0.1

[ [ [ | [ |
0.5 1.0 50 10.0 50.0 100.0

observed precipitation [mm]
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Y Challenge: plausibility limits

site&amount-specific based on climatological interpolation errors

meas
Are the three
measurements 50
plausible?
F: not OK
ANSWER: depends A: not OK

on ,interpolation 3%
error climatology®
of the site!

Alpine site A (blue range)
Flat site F (red range)

Ipo

Towards semi-automation of manual precipitation DQC | 7th DQM workshop, 5 November 2009, Copenhagen 19
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Outlook

= measurements / data transmission
= manual precipitation measurements will go on

= daily data transmission via SMS/phone (~200 stations)
= automation of >100 stations or certification of partner sites

= enhanced interpolation

= reduced space optimal interpolation (RSOI) ie use of spacio-
temporal information (Schiemann et al. 2009)

= combination “ground obs + radar” (PhD thesis R. Erdin)

= plausibility limits: site & amount specific statistical modelling of
the interpolation error to identify possible outliers

= operational implementation of interpolated values / plausibility
info into MeteoSwiss data warehouse (DWH)
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more on DQC at MeteoSwiss...

Poster 7-P2:

, The data quality control chain for
automatic surface observation
data at MeteoSwiss*

by Deborah van Geljtenbeek et al.
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