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Background of GPCC

C Collection, quality control and storage of observations, generation of gridded
analyses

Established at the beginning of 1989 at Deutscher Wetterdienst (DWD) on
i nvitation by WMO Y more than 25 year

(@

(@]

Analysis of precipitation on the basis of in-situ data for the land-surface

Contributing to GEWEX (Global Energy and Water Exchanges Project), GCOS
(Global Climate Observing System) and land-analysis for GPCP

(@]

(@]

Many users world wide, analyses used in IPCC-AR5

(@

Data sources:
C SYNOP, CLIMAT, SYNOP from CPC

C national meteorological services
C CRU, FAO, GHCN

C _ECA&D, regional data collections
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GPCC data basis
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Problems detected

C Stations are sometimes located in the ocean or outside of the boundaries of
the country

C Unusual annual cycle or extreme outliers of monthly precipitation

C Temporal shifts in the data

C Factor*10 errors

C Typing or coding errors

C Errors in the conversion of inch, mm etc. (mostly with historical data)

C Incorrect flagging of missing precipitation observations (might be

mi sinterpreted as AO0f)

% 4
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Example of errors

C Name of one station with different spellings:
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Example of errors
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C earlier data set
from Great Britain:

C most stations had
an incorrect
longitude (factor-
10) T corrected in
the precontrol
step
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Example of errors

C Data shifted by one day

Daily Precipitation in mm/day
ID: S0001223 - DARNIN AIRPORT
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Example of errors

C Wrong coding of missing values
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C Wrong zeros from
CRU and GHCN
corrected by FAO,
indicated by
surrounding stations
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Example of errors
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Comparison of Interpolation Schemes

~

C used interpolation schemes:
C modified SPHEREMAP
C ordinary Kriging

C arithmetic mean

)¢

two test months: July 1986 and January 1987

)¢

population divided into collectives with 300 stations

)¢

using 4800 stations as reference

)¢

50 runs with arbitrary selected reference stations to calculate skill scores

)¢

stepwise reduction of station density (input stations, not reference stations)

)¢

4 to 10 input stations

)¢

runs with interpolation of anomalies and absolute values

)¢

reduced station density in Germany (219 instead of more than 4000)

10

¥



Deutscher Wetterdienst E
Wetter und Klima aus einer Hand N ‘

Kriging (Krige 1966)

)¢

statistical interpolation scheme

)¢

calculates correlations on basis of variograms
used for daily data sets at GPCC

uses at least 4, at most 10 stations

O O Ok

search radius depends on station density

)¢

applies only one variogram for global interpolations

% 11
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SPHEREMAP (Willmott et al. 1985)

C Application for monthly data sets at GPCC
C Combination of distance and angular weighting
C Distance weighting similar to IDW with given empirical weighting functions
o [ J (4 [ ’ ’ ’ ’
“Y uY GI nY nY U U U U
point
C Angular weighting to reduce influence of clustered stations
Y °,.8 i L
L BTy 6 0 R R
“Y point

)¢

Compute gradients to preserve non-observed extremes
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SPHEREMAP T modifications at GPCC

grid point

&

C defined other inner search radius e e, and e, e,

C e, = 10% of grid size, e, = 50% of grid size search radius
C if stations were found within e, but not between e, and e, Y arithmetic mean

of stations within e,

(@

if stations were found within e, interpolation runs as usual

C using more stations in case of high station density

(@

4 to 10 input stations

(@

interpolation runs on 0.25°/0.5° subgrid

(@

using area weighting and land-portion weighting to calculate on final grid

(@

runs operationally since 1995, as anomaly interpolation on basis of our
Climatology since 2008

% 13
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Interpolation of anomalies or totals

C Interpolation of anomalies:

C Deviation from long term means interpolated, finally added to gridded long
term means

CAl so known as acClimatological Aided
C Need for many and long data series to compute long term means
C Advantage: better results, also in data sparse regions
C Interpolation of totals:
C Observations are interpolated

C Worse in data sparse regions

% 14
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Possible anomalies

~

C daabsoluteo anomal i es:
C Observation minus long term mean
C Suitable for monthly data
C arelatived anomal i es:
C Observation divided by monthly total or long term mean

C Qualified for daily data

% 15
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Used skill scores

~

C mean squared error (MSE)
[MSE] = mm2/month?

C sensitive to outliers

mean absolute error (MAE)
[MAE] = mm/month

measure of average error

1.0
MSE==*§ (¥, - 0,)°
A

1. .0
MAE==*Q |y, - 0
n o

o1 observed value at station
y i interpolated value at station

n - number of stations

16
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Comparison July 1986
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Comparison January 1987
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Comparison SPHEREMAP and Kriging July 1986
Kriging
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overall patterns look
similar

most differences due
to different gradients

of precipitation and in
data sparse areas

Kriging produces
smoother patterns
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Comparison of interpolation schemes, daily precipitation

MSE per: Kriging Kriging Spheremap  Spheremap 1D 1D Mean Mean
climatic zone  Absolute  Anomaly  Absolute Anomaly  Absolute  Anomaly Absolute  Anomaly

C Comparison of

. Af 16.8 18.1 17.4 17.0 16.1 17.2 16.5
d |ffe rent Am 15.9 17.0 15.7 16.2 14.8 16.5 153
) . Aw 10.4 11.2 10.8 10.5 10.0 10.8 10.4
INnte rpo lation As 9.6 10.3 9.9 9.7 9.4 9.8 95
] BWh 25 2.7 2.9 25 6 2.6 3.4
schemes with BWk 7 1.8 1.5 1.8 (1.4) 1.9 15
BSh (; 9 5.8 163 5.5 1.9 5.7 13.2
- i I BSk 6 2.8 2.4 2.7 (> 3) 2.8 24
Cross Va“datlon Csa 43 4.5 4.0 4.4 (3.9) 4.7 4.2
o . Csb 4.0 4.2 9 4.1 g 4.3 40
C Separation Cse 21 17 27 3.6
) Cwa 9.8 10.4 5.4 9.9 3.0 10.1 sl
accordmg to Cwb 6.2 6.5 6.2 5.9 6.4 60
Cwe 43 4.5 5.1 3.3 5.1 3.4
2 - i Cfa 7.0 7.4 7 7.2 6.6 7.5 6.9
Koppen Gelger Cfb 2.8 2.9 2.6 2.9 2.6 3.0 2.7
i Cfe 5.0 5.3 4.2 5.1 5.2 4.5
climate zones Dsa 21 2.1 @ 2.2 2.4 1.9
- | f Dsb 2.7 3.0 2 2.9 3.3 2.4
Dsc 4.2 4.4 3.2 4.4 2.8 4.6 2.9
C Bestresults for Dwa 4.9 5.0 4.5 5.0 4.6 5.3 4.9
I Tal Dwhb 3.5 3.7 3.4 35 33 3.7 3.4
Ordmary krlgmg Dwe 2.7 3.4 2.6 3.0 3.1 2.6
i i Dwd 3.6 3.9 4.4 33 (f 5) 3.3 3.0
Wlth anomalles Dfa 4.9 5.0 43 5.0 14 5.1 4.6
Dib 3.5 3.8 3.4 3.6 3.3 3.7 3.4
Dfc 3.5 3.7 3.5 3.6 3.3 3.7 3.4
Did 23 2.6 2.2 23 (2.1) 2.4 2.2
ET 4.3 4.1 9 7 4.0 3.8

EF é 3.7 40 @ (3.5)
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Gridded GPCC products

~

C Different products to tailor diverse user needs

C Provide gridded analyses, no station data (except ITD)

Visuali d Download GPCC Product
Isualize an OWnlioa roaucts Q.
First Guess Monthly 1.0° 2004 - present drought monitoring
First Guess Daily 1.0° 2009 - present analysis of extremes
Monthly Monitoring Version 5 1.0°, 2.5° 1982 - present calibration of satellite data
Full Data Monthly Version 7 0.5°, 1.0°, 2.5° 1901 - 2013 hydrological studies
Full Data Daily Version 1 1.0° 1988 - 2013 analysis of extremes
HOAPS/GPCC global daily precipitation Version 1 0.5°, 1.0°, 2.5° 1988 - 2008 analysis of extremes
HOMPRA Europe Version 1 (coming soon) 1.0° 1951 - 2005 trend analysis
VASClimo Dataset 0.5°, 1.0°, 2.5° 1951 - 2000 trend analysis

for application as a reference,

T H i i -] o -] (-1
Precipitation Climatology Version 2015 0.25°, 0.5°, 1.0°, 2.5 1951/2000 and for utilization of the anomaly interpolation method
Interpolation Test Dataset 1.0° 1988 comparison of interpolation schemes
Drought Index Version 1 1.0° 2013 - present drought monitoring
Drought Index Version 1.1 1.0° 1952 - 2013 drought monitoring
5 _ access to the GPCC Visualizer,
GPCC Visualizer _ 5
where you can create maps with your own coordinates and parameters
GPCC Home detailed information about GPCC

% 21
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Full Data Daily, 1997/07/06

Precipitation Standard deviation

mm/day standard deviation [mm/day]

Stations per grid Kriging error
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0 5 10 15 20 25 0 20 40 60 80 100
stations per grid cell krigging error [%]
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Monitoring Product, 2015/05

Precipitation

D T T Tz |

— 120,00 g agE

500 1000 1500 2000
mm/month

Station per grid cell

Fraction solid precipitation

correction factor (multipliier)
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Climatology, July
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Suggestions for the interpolation of:

)¢

Daily minimum temperature (0.6 K/100 m)

)¢

Daily maximum temperature (0.6 K/100 m)

)¢

Wind speed
Vapor pressure (0.025 hPa/100 m)
Solar radiation

O)x ()

)¢

Lapse rate

)¢

Elevation correction

% 25
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Zusatzliche Folien
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First Guess Dalily, First Guess Monthly

First Guess Daily, 2015/07/02

50 100 150 200

stations per grid cell

First Guess Monthly, 2015/07

T
o ose
R
0 500 1000 1500 2000

mm/month

stations per grid cell
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GPCC quality control

Automatic quality control using region depended
fixed thresholds, consistence checks of overlapping
intervals and weather observations; delete
guestionable observations; fill gaps

Automatic quality control using region depended
fixed thresholds; mark questionable observations
for manuel checks, result: confirm, correct or
delete values

Test against station and grid based statistical
thresholds; mark questionalbe observations for
manuel checks, result: confirm, correct or delete
values; spatial consistence of extreme values

7

SYNOP

SYNOP + CLIMAT

Historical data
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Data base GPCC 1 spatial coverage

~

C All stations in data bank
C More than 100,000 stations

30N £

30N

505

130 SOW 0 90E 180

* ;
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Data base GPCC 1 spatial coverage

~

C Locations of 75 631 stations and lengths of their precipitation records
C Only stations with records longer than 10 y

e o Eo.

ears, beginning no earlier than 1814

B

0 25 50 75 100 200 years

Figure 18 from GCOS report 195: Status of the Global Observing System for Climate, Full Report October 2015
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Data base GPCC i1 spatial coverage

Start year

(c) GPCC 2015/04/08 (c) GPCC 2015/04/08

1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
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Precipitation [mm)]

Creation of long time series - causes of inhomogeneity

Braemar

o
o -
™

150

100

1950 1955 1960 1965 1970

(@

Example: Braemar in Scotland

(@

A trend using unhomogenized data would lead to false conclusions

(@

Error factor 10 in the beginning of the series

By now error in the data base is corrected
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Creation of long time series - causes of inhomogeneity

1957 1969 1974

250
|

200
|

100
|

I I : I I :\ :\ I I I I I I
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Example: Braemar in Scotland

Correction as suggested by homogenization scheme
Factor 10 error leads to reduction of totals in later years

C
C
C
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Anwendungshbeispiel: Vergleich von Bezugszeitraumen

C Fir jeden Bezugszeitraum 1951-1980 1961-1990
selben Stationen verwendet - % , .

10 Datenjahre dirfen pro A
Bezugszeitraum fehlen :

)¢

)¢

Daten nicht homogenisiert

)¢

Grol3rAumige Muster gleich

Stationsbhasis
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Anwendungsbeispiel: Vergleich von Bezugszeitrdumen

e
7
o
=

)¢

Nordeuropa wird
feuchter

)¢

Sudeuropa wird
trockener

)¢

wird feuchter und

Ostdeutschland und

Polen trockener

GrofRe Gradienten
der Trends an den
Alpen

)¢

Ausnahmen: Sizilien

61/90 minus 51/80 71/00 minus 51/80 81/10 minus 51/80

Blau: Jahresniederschlag nimmt zu
Rot: Jahresniederschlag nimmt ab

7
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Beispiel: Full Data Monthly, 1997/07

Niederschlag

Stationsanzahl pro Raster

500 1000 1500 2000

stations per grid cell
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Beispiel: Interpolation Test Dataset (ITD), Juli

Niederschlag

Stationsanzahl pro Raster

< >
0 500 1000 1500 2000
mm/month

stations per grid cell
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WZN-Durreindex

GPCC-DI: gerasterter Durreindex mit beinahe globaler Abdeckung
Kombination von SPI-DWD und SPEI
Niederschlagsdaten vom WZN; First Guess Monthly

O O O Ok

Monatsmitteltemperatur vom CPC

Verwendet Mittelwert von SPI-DWD und SPElI, falls beide berechnet werden
kdnnen, sonst nur den berechenbaren Index

)¢

)¢

Parameter basieren auf Full Data Monthly V.6, Referenzperiode 1961-1990

)¢

Mehrere Aggregationszeitraume: 1, 3, 6, 9, 12, 24 und 48 Monate

)¢

Verwendet nur gerasterte Felder, keine Interpolationen

)¢

Zurlck bis Januar 2013 verfugbar
Abgabe im netCDF-Format

Wird am 10. bis 13. Tag des Folgemonats aktualisiert

O O
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Beispiel WZN-Durreindex, Juli 2015, 1 & 3 Monate

1 Monat 3 Monate

- B

e a0e &0,0E 120,08

<4EEENNTT TN s >
3 -2 1 0 1 2 3

3 -2 1 0 1 2 3

trockener als feuchter als trockener als feuchter als
normal normal
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Example of errors

C Wrong metadata (longitude)
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b, Y s .F [ J
II_ . o .rH 1_f ,}
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"'-.I - i
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6. 237 2623La

DWD j GPCC = station location before’after correction of geogr. coordinates in CRU data set
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Example of errors

C Repeating data

No Data

1941 (orig.)

20 26 23 1
Jan Feb Mar .-kpr \ria} Jun Jul Aug Sep Oct Nov Dec

o MNinimum : 0 Maxmum : 26

No Data
No Data
1942 (orig.)
| | | Lo ol
20 26 23 15 1

Jan Feb Mar Apr \ia} Jun Jul Aug Sep Oct Nov Dec

& Minimum : 0 Maximum : 26

No Data

No Data

1943 (orig.)

20 26 23 1
Jan Feb Mar _{pr \ri[a} Jun Jul Aug Sep Oct Nov Dec

o MNinimum : 0 Maxmum : 26
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Example of errors

C Interchange
between
stations
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