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1 Background of the document

1.1 Executive summary

This document is the baseline for coding a processing line in order to generate the CSP (Core Service
bio-geophysical Parameters) precipitation product. After a review of the users requirements a concise
description of the methodology generating the precipitation product is given. This description consists
of the whole retrieval algorithm including a declaration of the input data followed by remarks of the
product quality, the validation procedure, the risk of failure and the used references.

1.2 Scope and objectives

The objective of the Biometeorological Group at the IMPB to develop a global scale daily pre-
cCipitation product based on existing multi-satellite estimates of precipitation and bias-corrected rain
gauge measurements to provide the three CSP observatories, the ONC (Observatory of Natural Car-
bon fluxes), the OFM (Observatory of Foodsecurity & crop Monitoring) and the OLF (Observatory

of global Land cover & Forest change). A major goal is to improve the multi-satellite estimates due
to a calibration with the bias-corrected rain gauge data. The bias-correction of the ground-based
precipitation measurements is needed because of the under-catch of operational rain gauges. This
under-catch is of the order of 5 - 30 % on average. Currently, there does exist no daily operational
global precipitation product which is based on bias-corrected rain gauge analyses. The global daily
rain gauge data provided by the GPO®Ill be collected for the period 1997 - 2003 and corrected

for systematic measurement errors. This database will be used to calibrate the daily multi-satellite
estimates of precipitation provided by the GPCPhe accuracy of the existing operational satellite
estimates of precipitation in terms of objective verification scores over Europe is well known. For
an operational application it is necessary to improve these satellite estimates. Based on first results
of the FP5 demonstration project ELDA& combined gauge-satellite data set for the period 1997 -
2003 will be compiled and verified over selected regions of the globe. The IMP will deliver daily 1
precipitation fields based on the GPCP-1DD (1 degree daily) global multi-satellite product calibrated
with global bias-corrected rain gauge analyses based on about 6 000 synoptic stations.

1.3 Content of the document

This document is structured as follows: Chagen the facing page gives a brief but concise review

of the users requirements in terms of product charecteristics and date of delivery. In Ghaptee

next page the methodology of retrieving the CSP precipitation product is described. This includes an
overview consiting of the general framework and a review of existing methods as well as the whole

retrieval algorithm followed by remarks about the validation procedure, the product quality and the

risk of failure. The document is completed by some links to otlsatand activities and a listing of

the used references in Chaptieon page20.

!Institute of Medical Physics, University of Veterinary Medicine Vienna, Austria

2Global Precipitation Climatology Centre, Offenbach, Germany

3Global Precipitation Climatology Project, NASA, USA

“Development of a European Land Data Assimilation System to predict floods and droughts

Document-No. CSP-0350-RP-0008 (© geoland consortium
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1.4 Related documents
1.4.1 Input

Overview of former deliverables acting as inputs to this document.

Document ID Descriptor

CSP-0350-RP-0002  User Requirements
CSP-0350-RP-0005  Service portfolio
CSP-0350-PPR-0022 Quarterly report
CSP-0350-HA-0001  CSP handbook
CSP-0350-RP-0008  ATBD

Tab. 1: Related documents: input.

1.4.2 Output

Overview of other deliverables for which this document serves as input.

Document ID Descriptor

CSP-0350-RP-0010  Test and benchmarks report
CSP-0350-DAT-0012 The input and output data sets used for tests and benchmarks
CSP-0350-PRD-0000 CSP precipitation product WP8330

Tab. 2: Related documents: output.

2 Review of users requirements

Overview of the users requirements in terms of products characteristics and dates of deliveries. The
requirements presented in Tabare fully presented in the Service Portfolio Document (CSP-0350-
RP-0005-ServicePortfoliowP8210).

3 Methodology description

3.1 Overview

The general framework of generating the CSP precipitation product consists first of collecting both in-
put data the GPCP-1DD multi-satellite estimates of precipitation and the global daily rain gauge data
for the period 1997 - 2003. Then the global daily rain gauge data are corrected for systematic mea-
surement errors. This is done by a statistical correction m&ted¢l and Hantel, 199%vith the main
purpose to correct for wind-induced and evaporation and wetting losses. After this the corrected rain
gauge data are interpolated to a regufatdhgitude/latitude grid byrdinary block kriging(Rubel,

19964. This method considers both the inhomogenous distribution of the stations as well as the spa-
tial structure of the precipitation process at the scale considered. Having the satellite estimates and the
rain gauge measurements on the same grid both fields are mergedoiaitate ordinary co-kriging

(Rubel, 1996bto calculate the CSP precipitation product. Similar methods of this framework can be

Document-No. CSP-0350-RP-0008 (© geoland consortium
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Thematic content: Precipitation fields
Input data sources: Geostationary sensors IR data
TOVS NOAA 12/14 data
Synoptic rain gauge measurements
Methodology: Bias-correction of the rain gauge measurements
Kriging of rain gauges to regular grid
Co-kriging of rain gauges and satellite product
Geographic resolution: °1
Geographic projection:  LAT/LON plate cé®

Update frequency: Daily

Delivery formats: Raw binary, GRIB, ASCII

Data type: Raster

Medium: FTP

Dates of deliveries: %t version for the year 2000 at TO+12

274 version for the year 2003 at T0+24
34 version for the period 1997 - 2003 at T0+30

Tab. 3: Review of user requirements.

found inKrajewski (1987)andMitra et al. (2003) The improved quality of the satellite estimates is
objectively measured in terms of verification scorRsitfel and Rudolf, 20Qlover selected regions
of the globe.

3.2 The retrieval algorithm

The statistical interpolation methods are linear or nonlinear, unbiased, least-squares spatial interpo-
lation techniques. They are advanced applications of Gauss’ Theory of Errors and therefore optimal
in a statistical sense. Because of the assumptions of homogeneity and isotropy, which have to be
made in the practical implementation, they do not necessarily yield optimal results. That is the reason
why various assumptions have been proposed in the past, which lead to different, more or less expen-
sive, interpolation methods. Here, for the objective analysis of the precipitation fields, the well known
methods of ordinary block kriging (large scale analysis) and bivariate ordinary co-kriging (meso-scale
analysis) are used.

3.2.1 Input data

Multi-satellite estimates: Fig. 1 shows an example of the GPCP-1DD fieltlui{ffmanet al., 2007)

which are based on a combination of different satellite estimates. In th&l®®belt infrared (IR)
estimates from geostationary satellites calibrated with Special Sensor Microwave/Imager (SSM/I) data
are used. Outside this region the rain estimates are based on TIROS (Television Infrared Operational
Satellite) Operational Vertical Sounder (TOVS) data from the polar orbiting satellites NOAA-12 and
NOAA-14. These two satellites with 0130/1330 and 0730/1930 local time equator crossing times are
flying simultaneously and provide globale precipitation estimates based on an empirical relationship
between rain gauge observations and a function of the cloud-top pressure, fractional cloud cover
and relative humidity profile. The GPCP-1DD precipitation estimates are calibrated with monthly
precipitation data being near-realtime available SYNOP and CLIMAT reports. These SYNOP and

Document-No. CSP-0350-RP-0008 (© geoland consortium
Issue: 12.00 Date: November 8, 2005 Page8 of 21



EC Proposal Reference Nd=P6-502871 | an d
CSP Methods compendium (ATBD)

01.07.2000 [ I I I I I I Precipitation [mm/d]
no data 025 0.s 1 2 4 g 16 32 54
Source: GPCP-10D Statistics: mean=2.71, rms=6.98, std=6.43, min=0.00, max=92.01

Fig. 1: GPCP-1DD multi-satellite estimates of precipitation for July 01, 2000.

01.07.2000 [ [ I I I I I  Precipitation [mm/d]
no data 025 0s 1 2 4 g 16 32 64
Source: GPCC hias corrected Statistics: mean= 237 rms=7.84, std=7.48 min=0.00, max=157.00

Fig. 2: Spatial distribution of the GPCC synoptic rain gauges with appropriate bias-corrected precipitation
amounts for July 01, 2000.
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CLIMAT reports are internationally disseminated via the Global Telecommunication System (GTS),
processed by the Deutscher Wetterdienst (DWD) and evaluated by the GR@Galf(et al., 1992.

Rain gauge measurements: The second input data are those of the global synoptic stations avail-
able from the GTS network, provided by the GPCC. The spatial distribution of the synoptic stations
is displayed in Fig2 as an example for July 01, 2000, and shows that the density is highest in Europe
and South-Eastern Asia, while for large areas of Africa no observations are available. These obser-
vations are corrected for systematic measurement errors with a statistical correction model. Its main
purpose is to correct for the wind-induced losses, which is the largest error. The correction formulas
use observed wind speed and temperature as well as estimated rain intensity. For evaporation and wet-
ting losses, which represent the second largest error of the precipitation measurements, climatological
corrections are applied. Further the correction take instrument-specific properties into account; these
comprise differentiation between unshielded (e.g. HELLMANN) and shielded (e.g. TRETJAKQV)
gauges.

3.2.2 Kriging of rain gauge measurements

Assumingn contemporary gauge observations of the precipitation praggQs;), u = (z,y), i =
1,...,n, as suggested in Fi@, the areal averaged precipitatidiiu,) can be estimated from the linear
combination

Z(uo) = > i Zg(wy), 1)
=1

combining then neighbouring sample points of precipitation linearly with appropriate weights

Fig. 3: For each ared, represented by a grid poiny, then closest observations, (u;) within the decorrela-
tion distance are used to estimate the value of the area averaged precigitatign

Document-No. CSP-0350-RP-0008 (© geoland consortium
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These weights\, can be obtained under the condition of minimising the estimation variance (mean
square interpolation error)

of = var[Z(up) — Z(uo)] = E[(Z(uo) — Z(uo))? )

from the following system of linear equations

R(uj,u;) -+ R(ui,u,) 1 Agl R(uy,up)

: " : Dl : _ : ‘ 3)
R(up,u;) -+ R(up,u,) 1 Agn R(uy,,up)

1 s 1 0 | 1

R(u;,u;) are the correlations between rain gauge observations at the locatianslu;, R(u;, ug)
are the correlations between the rain gauge observations at the loagtenm$the grid area integrated
true precipitation process(ug) andy, is the scalar Lagrangian multiplier. The correlation functions
R(u;,u;) are defined as covariance functions normalized with the vari@hee cov|u;, u;],
cov|u;, u; E[Z(w) - Z(u;)] — m?
Ry = ovluw] _ EIZ@) - Z(w)] - m? @

o2 o2

For further considerations the systeB) ¢an be truncated by using the gauge-gauge correlation
matrix R4, the gauge-area correlation vecky, and the vector of weights to be estimateg

R, 1 A || Rgo

10 ‘ ‘ pg | 1 ©)

Thus, if the correlations are known, the veclorcan be calculated frond) and the linear combina-
tion (1) for the area averaged precipitation can be evaluated.

The corresponding estimation variance (kriging variance) can be written as

of = R(ug,u0) = > Agi R(ui,up) + . (6)
i=1
The estimation variance is given seperately for each gridpoint and is a measure of the quality of the
analysis. It depends on the size of the analysed area as well as on the station density and the statistical
structure of the precipitation field. Therefore, the estimation variance defined for the grid area
that is the normalized mean square interpolation error - decreases with increasing station density and
increasing decorrelation distance.

3.2.3 Co-kriging of rain gauge and satellite data

The linear combination for cokriging of satellite estimat&$u) and rain gauge daté,(u) as repre-
sented in Fig4 can be written as

Zw) = > A Zs()+ Y Agi Zg(wi), 7
j=1 i=1

combining then; neighbouring satellite estimates linearly with appropriate weightnd doing the
same for they, neighbouring gauge analyses. The corresponding weight vexiasd ), that need

Document-No. CSP-0350-RP-0008 (© geoland consortium
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L4 Uo U2 L4 Uo U2

Us \ / Us

Satellite estimates u Rain gauge data
[}

Fig. 4: Schematic representation of the configuration of the data included in the cokriging system.

to be estimated, can be computed from the following system of linear equations

Ris Ryy 1 0 s R
Rys Rgg 0 1 . Ag = Ryo (8)
1" 0" 0 0 Lhs 0
o' 1" 0 0 Lhg 1

with the satellite-satellite correlation matrR,,, the gauge-gauge correlation matiy,, and the
satellite-gauge crosscorrelation matRx,, = R;S. Since the true area integrated precipitation is
unknown, the satellite-area correlation ved, and the gauge-area correlation vedRyy, are ap-
proximated fromR.;s andR .
Analogous to the ordinary block kriging equatid) (he weight vectora,; and\, can be obtained
from the cokriging equatior8] if the correlationR,,, R4y andR;, are known.
Once the coefficienta, and )\, are determined, one can calculate the estimation variance (co-
kriging variance) as
Ns Mg
0% = Rgg(ug,ug) — > Ay Reo(uj,u0) — Y Agi Rgo(w, o) + pig. ©)
j=1 i=1

In this expressiork,, was substituted foR.

3.2.4 Empirical estimation of correlation functions

The statistical structure of precipitation is usually described by space and time correlation functions.
Because precipitation is a complex physical phenomenon, it is not possible to fully describe precipita-
tion processes by just one statistical model. Ideally, precipitation events should be classified by type,
e.g. stratiform or convective type precipitation. Each type of precipitation can then be assumed to be
a part of an ensemble of homogeneous realizations with defined statistical properties. The large- and
mesoscale precipitation, e.g. over Europe, contains stratiform and convective components of different
intensities and compositions at the same time. Moreover, it is hardly possible to separate them. For
this reason the analysis of the precipitation fields is performed by the use of only a single correlation
function for the whole model domain.

Document-No. CSP-0350-RP-0008 (© geoland consortium
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o

We assume that there existcontemporary observations of precipitation procgss;), u =
(z,y) andi = 1, ...,n. Further, if there exist multiple realizations= 1, ..., T" of this processZ (u;),
then the correlation can be defined as

T
Z[Zt(ui) = m(w)][Ze(u;) = m(uy)]

R(ui, I,Ij) = = y (10)

T
> 1 Zi(w) D12 [Zi(wy) — m(u;)]?

t=1 t=1

wherem(u;) is the mean of the precipitation process at the locatipn

Assuming that the precipitation process is homogenous and isotropic within the model domain,
the correlations depend only on the interstation distangcehey are independent of the geographical
locations of the stations. The result of the empirical analysis of the correlation coefficients is a scatter
plot of correlations. To identify the structure of precipitation a hypothesis about the theoretical model
has to be made. For the precipitation over the global land covers the nonlinear model

R(pij) = c1 exp(—c2 p;}) (11)

with 3 coefficientsey, co andces is chosen. For the first version of the CSP precipitation product this
model is applied constantly on the whole globe. For the second version a global climate classifica-
tion (Fig. 6) will be used to regionalise this constant correlation model. Note that the exponential
correlation function has the required property to be positive definite.

3.2.5 Scale dependence of correlation functions

For a simple characterization of the correlation function a typical distance, the so-called decorrelation
distance, will be used. It is defined as the distance for which the correlation decreases to 1/e. From
the curve of the correlation function one can infer the type of precipitation. A strong decrease of the
correlation function corresponding to a short decorrelation distance is characteristic for convective
type precipitation. A weak decrease corresponding to a wide decorrelation distance is typical for
stratiform precipitation.

The dependence of the correlation functions on the scale is summarizedSiofridpe next page.
If one considers the accumulation time of precipitation, which corresponds to a typical extension of the
model domain, then typical decorrelation distances are 2 km for 1-minute, 10 km for 15-minute, 50 km
for hourly, 200 km for 12-hourly and daily, 300 km for monthly and 500 km for annual accumulated
values of precipitation. Creating a precipitation product on a daily scale typical decorrelation distances
of about 200 km have to be considered.

3.2.6 The Kdppen Geiger climate classification

A global gridded climate classification calculated by the use of Wladin@ippén’s and Rudolf
Geiger's Essenwanger, 200tlimate formula is applied to regionalise the used correlation model for
the second version of the CSP precipitation product. The underlying data for this climate classifica-
tion are recently available gridded data sets of monthly mean temperature and precigifétoei(

and Jones, 2005 This CRU TS 2.1 data set covers all global land areas excluding Antarctica and
provides long-term time-series for the period 1901 to 2002 for a set of meterological parameters on a

Document-No. CSP-0350-RP-0008 (© geoland consortium
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Fig. 5: Scale dependence of correlation function used for statistical analysis of precipitation, represented here
by decorrelation distance for increasing spatial and temporal resolution.

global 0.5 lon/lat grid. This data-set is provided by the Climate Research Unit (CRU) and is freely
available on the internet

By the climate formula of Kppen and Geiger every climate is specified in principle with three
letters. The first one identifies the main climate region; only uppercase letters are used:

tropical humid climate without frost,
dry climate,

temperate mid-latitude climate,

cold mid-latitude climate,

polar climate.

moOw@>

The second one identifies the precipitation in consideration of annual amount and seasonal distri-
bution; upper- and lowercase letters are used:

Shttp://www.cru.uea.ac.uk/
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S ... steppe,

w desert,

w ... winterdry semihumid,

s summerdry semhumid,

m mixed; dry period compensated by high annual

precipitation amount; monsoonal,
f ... fullhumid.

The third one identifies the temperature in a standard height of 2 m; only lowercase letters are used:

hot summer,

warm summer,

cool summer,

cool summer and extreme continental,
hot dry climate,

cold dry climate.

X oDQO O T o

Ann 5100 [ I I I [ I [T T ] Climate classification [1]
no chata Af Amo Az Aw B BWMWR BSk BSh Cf Cz Cw  Df Lz Dww E

Source: CRUTS 21

30M

308

¥ . e e
e —
o S —
P

BO%

BOS

Fig. 6: Global Kbppen climate classification as calculated by IMP using CRU TS 2.1 temperature and precipi-
tation for the period 1951 to 2000. In opposite to historical climate classifications not available in digital
form this product is well documented (publication in preparation).

The dry climatesB are further subdivided into desséMand steppés and into coldk and hot
h. The polar climateE is subdivided intoEF and ET whereF stands for frost (temperature of the
warmest month< 0° C) andT for tundra. The Antarctic is manually set to polar frost climate
without having any temperature data for this region. For all other main climates the second letter
marks the precipitation conditions, wheremeans wet all year round, andw means summer or
winter dry, respectively. For the tropical climatea medium statenis defined where a dry season
occurs but it is compensated by the precipitation of the following months. For the temporal and cold
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climatesC andD Kdppen and Geiger introduced the third letter in order to further specify summer or
winter temperature conditions with hot sumnagmwarm summeb, cool summec and strong winter
d. Note that a third letted can not occur by definition in a temperate clim@te

J e
BWk| [ Cfa| [Csa| [cwal Dsa | [Dwa| | EF
BWh| [Cfb | [Csb] [cwb| [Bb] [Dsb] [Dwb] [ET

BSk||Cfe | |Csc||Cwc||Dfe| | Dsc | |Dwe

BSh Dfd | [Dsd | [Dwel

Fig. 7: Schematic illustration of all possible 31 different climate classes definedoippéh and Geiger. Red
cancelled climates cannot occur by definition, grey climates are rare climates and will not occur in a
large areal amount.

dial | i

As depicted in Fig.7 this leads all together to 31 different climate classes, whereakig.
the preceding page shows only 15 of them. In this global climate map the two subtypes of the polar
climateE are groupd together as well as the third letter temperature conditions for the temporal and
cold climatesC andD.

3.2.7 Regionalisation of the correlation model

The second version of the CSP precipitation product will be calculated by the use of the correlation
model (L1) regionalised according to the 5 main climatic zones of the here presented climate classi-
fication. For the polar climat& too few information is available to achieve reliable results, so we
get the following correlation functions within the 4 main climafe$o D (Fig. 8 on the next page),
calculated from the GPCC synoptic stations over the period 1997 to 2003 on a monthly base:

3.3 The validation procedure

About 21 000 stations with rain gauge measurements over Europe, collected for the ELDAS project
by the Biometeorology Group at IMP, will be used to verify the global precipitation fields. The
preliminary distribution of the stations is documentedRiybel (2004) additional stations have been
collected during GEOLAND. First of all areal precipitation amounts using the grid of the GPCP-1DD
products will be calculated from these rain gauge observations. For that an ordinary block-kriging
method will be applied. This method considers both the inhomogeneous distribution of the stations
as well as the spatial structure of the precipitation process at the scale considered. Additionally to
each areal precipitation estimate the normalized kriging variance is known. Note that this kind of
interpolation error depends on the station density, the spatial auto-correlation function and the size of
the grid boxes. The verification of the global precipitation products for GEOLAND will be performed
by using only grid boxes with normalized kriging variances below 0.15. Having precipitation fields
from gauges and satellites comparable on the same grid, a first visual comparison will be done by
viewing the fields. To quantify the verification results continuous and categorical statistics will be
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Fig. 8: Mean correlations and standard deviations with fitted autocorrelation function of Rypg) =
c1 exp(—cz2 p;?) and corresponding decorrelation distance (vertical line) for tropical clirAatiep-
per left), dry climateB (upper right), temperate clima@(lower left) and cold climat® (lower right).
Correlations calculated from GPCC synoptic stations over the period 1997 to 2003 on monthly base.

used. These measures comprises mean error (ME), mean absolute error (MAE), root mean square
error (RMSE) and correlation coefficient (R). Here, because of the non-Gaussian probability density
function of daily precipitation values, a nonparametric correlation coefficient, the Spearman rank-
order correlation coefficient (R is applied. Additionally a t-statistic that tests the significance of

a non-zero Rwill be implemented. Categorical scores will supplement the continuous measures.
The categorical statistics are based on two dimensional contingency tableS)(lige distinguishes
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between accuracacy and skill scores.
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Fig. 9: Contingency table for the calculation of accuracy and skill scores.

3.3.1 Accuracy measures

Accuracy measures sum up the quality of a set of forecasts by comparing individual pairs of forecasts
and observations. Several scalar measures of the accuracy are known. The simplest measure is known
as accuracy (ACC) or hit rate (HR) and is the ratio of correct estimates to the total number of estimates.

It can be computed from the contingency table (Rpas

correct estimates z + h

ACC = : =
total estimates n

(12)

Here we focus on probability of detection (POD) and false alarm ratio (FAR). POD is the fraction of
those occasions where the estimation event occurred when it was also observed,

correct rain estimates h
POD = ; . = , (13)
rain observations h+m

and ranges from one for perfect estimates to zero. FAR is the fractional number of times that the event
was predicted to occur but it did not occur. FAR is computed as

false alarms f
FAR = : : = : 14
R rain estimates f+h (14)
The best FAR value is zero and the worst is one.
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3.3.2 Skill scores

With skill scores the improvements of the GPCP-1DD estimates over some reference estimates such
as random chance, persistence or climatology can be measured. In general a skill score (SS) is defined
as

ACCestimate - ACCreference

SS = . 15
ACCpCrfCCt - ACCrofchnCC ( )

A perfect estimate always produces a skill of 1, while an estimate that is not better than the reference
produces a skill of 0, and estimates that are worse than the reference have negative skills. Here we used
the true skill statistics (TSS), also known as Hanssen and Kuipers score, which references for correct
forecasts that would be made due to random chance. The TSS is computed from the contingency table
(Fig. 9) as
hz — fm
TSS = —mF%—, 16
(h+m)(f+2z) (16)
which could also be expressed as the probability of detection (POD) minus the probability of false
detection (POFD),
h f
TSS = —— — —— =POD - POFD. a7)
h+m f+z
The TSS reaches from minus one to plus one and is the perfect verification measure because it does
not depend on the fraction of rain/no rain events as other scores do. Some of these other frequently
used skill scores are the critical success index (CSlI), the equitable threat score (ETS) or the Heidke
skill score (HSS).

3.4 The product quality

The first version of the combined precipitation product (CSP v1.0,Fighas been validated for the
year 2000. For verification purposes non-synoptic dense precipitation measurements based on about
21000 station over the ELDAS domain were used.
As the accuracy of the existing multi-satellite estimates of precipitation is well known (in terms
of objective verification scores), a quality improvement of about 10 % can be showndjTab.

3.5 Risk of failure

Up to the present there are identified no causes to fail the product or the methodology within the
development cycle of the CSP precipitation product, except the input data will be no more available.
In this case there does not exist any alternative option to generate the CSP precipitation product.

3.6 Links to other geoland activities

The here described methodology is similar to that one of EA&lied to METEOSAT data. The
product provided by IMP is on a global scale using 10 times more input data. An inter-comparison of
the product will be realized to improve the reliability of each product. One methodology could be to
compare rainfall products with a validation dataset generated by means of Jackknifing.

SEnvironmental Analysis and Remote Sensing, Delft, Netherlands
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Source: CSP Precipitation 1.0 Statistics: mean= 2.68, rms=6.86, std=6.31, min=0.00, max=92.01

Fig. 10: CSP v1.0 precipitation product as a combination of multi-satellite estimates and bias-corrected rain
gauge measurements for July 01, 2000.

Continuous statistics Continuous statistics

Observed 1.78 Observed 1.78
Estimated 1.94 Estimated 1.73
Mean error 0.16 Mean error -0.05
Mean absolute error 1.91 Mean absolute error 1.43
RMS error 3.97 RMS error 3.13
Rank-order correlation 0.50 Rank-order correlation 0.64
Categorical statistics Categorical statistics

Hit rate, HR 0.66 Hit rate, HR 0.72
Critical success index, CSI 0.50 Critical success index, CSI 0.59
Probability of detection, POB  0.55 Probability of detection, POB  0.68
False alarm ratio, FAR 0.17 False alarm ratio, FAR 0.18
BIAS score, BIAS 0.66 BIAS score, BIAS 0.83
True skill statistics, TSS 0.38 True skill statistics, TSS 0.46

Tab. 4: Verification statistics of GPCP-1DD (left) and CSP v1.0 (right) for summer (JJA) 2000.
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