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CSP Precipitation

Objectives

— Development of a global scale daily precipitation
product based on existing multi-satellite estimates
and bias-corrected precipitation gauge analy-
ses to provide the ONC, OFM and OLF.

— Improvement of the satellite estimates, the GPCP-
1DD data, due to calibration with the bias-corrected
rain gauge data based on about 6 000 synoptic
stations worldwide, provided by the GPCC.
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01.07.2000 | | | | | | | T Precipitation [mm/d]
no data 0.25 0.5 1 2 4 8 16 32 64

Source: GPCP-1DD Statistics: mean = 2.71, rms = 6.98, std = 6.43, min = 0.00, max = 92.01

Fig. 1: GPCP-1DD (Global Precipitation Climatology Project - 1 Degree Daily) multi-
satellite estimates of precipitation for July 2000.
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CSP Precipitation

01.07.2000 [ | | | | | [ Precipitation [mm/d]
no data 0.25 05 1 2 4 8 16 32 64
Sour ce: GPCC bias corrected rain gauge data Statistics: mean = 2.37, rms=7.84, std = 7.48, min = 0.00, max = 157.00

20e v

o Y
.
L)
° °
° o
o
-~

Fig. 2. GPCC (Global Precipitation Climatology Centre) bias-corrected rain gauge
measurements for July 2000.
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CSP Precipitation
Production process

— Interpolation of the GPCC bias-corrected rain gauge mea-

surements to a global regular 1° longitude/latitude grid by
ordinary block kriging.

— Merging of the GPCP-1DD multi-satellite estimates with
the interpolated rain gauge measurements by bivariate

ordinary cokriging to compute the CSP precipitation prod-
uct.

— Verification of the CSP precipitation product over selected
regions of the globe by the use of skill scores.
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Ordinary block kriging
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Fig. 3: For each area
A, represented by a grid
point uy, the n = 24
closest observations
Z,4(u;) within the decor-
relation distance are
used to estimate the
value of the area av-
eraged precipitation
Z(up).
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CSP Precipitation
Ordinary block kriging

Assuming n contemporary gauge observations of the precipitation pro-
cess Z,(u;), u = (z,y), ¢ = 1,...,n, the areal averaged precipitation

—

Z(uyp) can be estimated from the following linear combination
Z(ug) = ; Agi Zg(1;). (1)

The weights )\, can be obtained under the condition of minimizing the
estimation variance (mean square interpolation error)

op = var[Z(ug) — Z(uo)] = E[(Z(uwp) — Z(u))?. (2)
by the definition of correlation functions

coviu;, w;] _ E[Z(w) - Z(u;)] — m (3)

as covariance functions normalized with the variance o* = cov|[u;, u].

R(ui, uj) =

o) 0
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CSP Precipitation

Ordinary block kriging

The solution can be obtained by solving the following system of linear

equations.
R(ui,u;) --- R(u,u,) 1 gl R(uy, up)
1= @
R(u,,uy) -+ R(u,,u,) 1 Agn R(u,, up)
T AT 1

R(u;,u;) are the correlations between rain gauge observations at the lo-
cations u; and u;, R(u;, uy) are the correlations between the rain gauge
observations at the locations u; and the grid area integrated true pre-
cipitation process Z(u,) and p, is the scalar Lagrangian multiplier.
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CSP Precipitation
Ordinary block kriging

The system (4) can be truncated by using the gauge-gauge correla-
tion matrix R,,, the gauge-area correlation vector R, and the vector of
weights to be estimated A:

R, 1
1" 0

)‘g RgO

1

(5)
Hg

Thus, if the correlations are known, the vector A, can be calculated from
(5) and the linear combination (1) for the area averaged precipitation can
be evaluated.

Detailed descriptions of this method can be found in the literature (e.g.
Wackernagel, 1995).
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CSP Precipitation

Correlation functions

We assume that there exist n contemporary observations of precipita-
tion process Z(u;), u = (z,y) and ¢ = 1,...,n. Further, if there exist
multiple realizations t = 1, ..., T of this process Z(u;), then the correla-
tion can be defined as

R(U_i, U_j) — =1 . (6)

i
—_
~
I

—_

where m(u;) is the mean of the precipitation process at the location u;.

Assuming that the precipitation process is homogenous and isotropic
within the model domain, the correlations depend only on the intersta-
tion distance p;;; they are independent of the geographical locations and
can be modeled by the use of exponential correlation functions.
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CSP Precipitation

correlatio

0 10O 200 300 400 500
distance [km]

Fig. 4. Correlation coeffi cients estimated from 60 realizations of 12-hourly accumu-
lated precipitation observations over Central Europe with standard deviations and fi tted
correlation function R(p) = 0.95 exp[—0.008 p"-].
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CSP Precipitation

500
decorrelation distance
100
o 10 4
=
=
2
g
c
=
-
= .
-
| . ] | | |
0.0l o & - =
g = 5 a = g g
g E 3 2 3 g L,
— —_ — —_ = — =3
0.001 1 I 1 l lr Tl l ! Jl ll T
000l 00l ol 1 10 100 1000 10000 100000 1000000
time [h]

Fig. 5: Scale dependence of correlation function used for statistical analysis of precipitation
represented by decorrelation distance for increasing spatial and temporal resolution.
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CSP Precipitation

01.07.2000 1 | | | | | T Precipitation [mm/d]
no data 025 05 1 2 4 8 16 32 64

Source: GPCC biascorrected inter polated rain gauge data Statistics: mean = 1.48, rms = 3.38, std = 3.04, min = 0.00, max = 48.70

Fig. 6: GPCC (Global Precipitation Climatology Centre) bias-corrected and interpo-
lated rain gauge measurements for July 2000.
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CSP Precipitation

01.07.2000 [N | BN
no data 01 02 03 04 05 06 07 08 09

Source: GPCC bias corrected interpolated Statistics: mean = 0.42, rms = 0.48, std = 0.22, min = -0.04, max = 1.00

Interpolation error [1]

Fig. 7: Interpolation error for GPCC bias-corrected rain gauge measurements, July
2000.
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Bivariate ordinary cokriging
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Fig. 8: Schematic representation of the confi guration of the data included in the cokriging system.

15/19



CSP Precipitation

Bivariate ordinary cokriging

The linear combination for cokriging of satellite estimates Z(u) and rain
gauge data Z,(u) can be written as

Z(y) = Z Asj Zs(uj) + 231 Agi Zg(10;). (7)

The weight vectors A, and A, that need to be estimated can be com-
puted from the following system of linear equations.

Rss ng 10 )\5 RSO
Ry, Ry 0 1] | A | | Ry @
1" 0" 0 0 | s 0
0' 1" 0 0] | py 1
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CSP Precipitation

Bivariate ordinary cokriging

R, Is the satellite-satellite correlation matrix, R, the gauge-
gauge correlation matrix and R, = RgTS the satellite-gauge
crosscorrelation matrix.

Since the true area integrated precipitation is unknown,
the satellite-area correlation vector R, and the gauge-area
correlation vector R,y are approximated from R, and R,
(Krajewski,1987).

Analogous to the ordinary block kriging equation (5) the
weight vectors A and A, can be obtained from the cokriging
equation (8) if the correlations R, R,, and R, are known.
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Operational scenario

GPCP-1DD, Provider: NASA

Interpolation Conversion to user defined
to 1° lon/lat A file formats (GRIB, ASCII)

A

Predefinition of
ACFs and CCFs

M

bias Y block . .
correction ) kriging Verification
over Europe

Synoptic Gauges, Provider: GPCC

Fig. 9. Schematic representation of the operational scenario, propably performed at the
GPCC.

CSP Meeting Mol, September 10", 2004 18/19



land - CSP

CSP Precipitation

References

Krajewski, W. F,, 1987: Cokriging radar-rainfall and rain gage data. J.
Geoph. Res., 92, 9571-9580.

Rubel, F., 1996: Scale dependent statistical precipitation analysis. Proc.
of the Int. Conf. on Water Resour. & Environ. Res. (Volume 1). Oc-

tober 29-31, 1996, Kyoto, Japan.

Rubel, F, and M. Kottek, 2004: Data Management. In: Hantel, M. (Ed.)
Observed Global Climate. New Series on Landolt-Bornstein, Nu-
merical Data and Functional Relationships, Springer, Berlin, 19pp,
submitted.

Rudolf, B., and F. Rubel, 2004: Global Precipitation. In: Hantel, M.
(Ed.) Observed Global Climate. New Series on Landolt-Bornstein,
Numerical Data and Functional Relationships, Springer, Berlin, 31pp,
submitted.

CSP Meeting Mol, September 10", 2004 19/19





