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Abstract. The DWD national radiation measurement network comprises 82 automatic sites, 29 manred sites
with shaded and unshaded pyranometer and the BSRN station at Lindenberg. The quality assessment routinely
applied takes into account the basic astronomical and empirical considerations as well as some interdependen-
cies like total to difuse flux relation and cross checking with sunshine duration.

A more advanced quality assessment approach attempts to routinely utilise timeseries of clear sky radiative
transfer simulations for every site. For that purpose a link to cloud coverage obtained from Meteosar second
generation geostationary satellite data, highly resolved in time and space, was established. There is a predefined
calibration cycle of 30 month for automatic stations. Data analysis on this timescale allows for the detection
of sensor degradation, wrong calibration or configuration and other possible local disturbances. Furthermore
using satellite cloud mask enables the identification of larger clear sky regions characterized by similar at-
mospheric conditions. Thus, in a regionalization step correction or recalibration of moderate quality data to a
higher level can be considered.

The paper provides an overview of DWD surface radiation network and the current activities to improve au-
tomatic quality assessment using remotely sensed data and clear sky modeling for the upgrading of radiation
data.

1 Introduction diation network which is a heterogeneous collection of site
measuring downward shortwave radiation. The network i

Irradiance is a key parameter in Earth’s weather and cli-nosted by Meteorological Observatory Lindenberg.

mate system. Accurate observations of the components of This paper deals with the progress made in quality asses

the near surface radiation budget are therefore essentianent of the radiation network data due to the following ac+

IPCC(2007. For the achievement of a global coverage thetivities:

utilisation of satellite-b_ased retrievals have become an im- _ by using satellite data input of cloud coverage
portant part. Such retrievals are developed and data are pro- . - _

vided in the framework of EUMETSAT's Satellite Appli- ~ — by comparing measured quantities to simulated
cation Facilities like SAF on Climate Monitoringviueller ones in clear-sky conditions

et al, 2009 and LandSAFTrigo et al, 2011). Even though

not needed as a direct input but indispensable for testing, valz  The ground-based network

idation and adaptation of satellite-based algorithms are accu-

rate ground-based observations. High quality ground-base@he basic idea of the radiation network is to achieve a goo
measurements are performed in the context of the baselineoverage of whole Germany by means of radiation measuré
surface radiation network (BSR®hmura et a].1998. The  ments, i.e. to avoid gaps. It comprises manned as well 3
Deutscher Wetterdienst (DWD) is operating the national ra-fully automatic stations. Manned stations (in 2011: 29) are
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Figure 1. Shaded pyranometer (left picture) and Scanning Pyrhe-
liometeyPyranometer (right) on the radiation measurement plat-
form at Lindenberg observatory.

equipped with two Kipp & Zonen CM11 or CM21 pyra-
nometer Kipp & Zonen, 2004 to measure diuse (shaded)
and total (unshaded) downward shortwave radiation (0.3—]-# 3
2.8um). Instrumentation is categorised sscondary stan-
dard according to 1SO 9060 dnigh qualitywith respect to
WMO classification. CM 21 response time is 5 s for 95 % of
responses, less than 15 s for CM 11, respectively. 11 sites ar
equipped additionally with Kipp & Zonen CG4 pyrgeometer
to cover the spectral range from 4.5 tous (Kipp & Zonen,
200]). SCAPP (scanning pyrheliometer and pyranometer) isrigure 2. Ground based network for irradiance measurements, lo-
a low-cost instrument to measureffdse and direct irradi-  cation and characterisation of sites. Green circles indicate short-
ances developed by DWD and manufactured by Siggelkowwave total (G) and diuse (D) component measured by pyranome-
Germany (Fig. 1). It was designed for automatic mode anders, pink indicates the same plus atmospheric longwave radia-
operates without outer sun shading and outer moving partgion (A). Blue: sites equipped with SCAPP.
The spectral coverage is limited to 0.3 to {irh due to the
use of a silicon detector. For daily sums of downward short-
wave radiation an accuracy of 10% is expected (20 % fordation, systematic disturbances like restrictions of full sky
hourly sumsBergholter and Dehné&994). Figure2 provides  view) described in the following sections. It makes use of an
an overview of the DWD ground-based radiation measure-independant approach for detection of clear-sky episodes at
ment network. measurement site operating daily (Setl). For the sites
The calibration of the fielthetwork pyranometers is per- labelled as clear simulation of expected downward short-
formed at the RRENRC at Meterological Observatory Lin- wave radiation will be performed using a simplified radiative
denberg (MOL) indoor referring to 1SO 9847:1992 “Solar transfer model setup (Se@.2). First results using BIAS-
energy — Calibration of field pyranometers by comparison tocorrected reference values are given in Séct.
a reference pyranometer”. SCAPPs are calibrated at MOL
locally too, but outdoor only between the Northern Hemi-
sphere spring and autumn equinoxes using direct and dif3.1 Utilisation of satellite data

fuse irradiance measured by the station pyrheliometer and ) L . . .
shaded pyranometer. All calibrations are tracabl&Morld Current geostationary satellite imagery is provided with tem-
RadiationReference (WRR). poral resolution of 15min and a footprint size of 3km at

Indoor calibration capability — to get independent from the Nadir view Schmetz et a].2002. EUMETSAT's Satellite

season — is under development. A more detailed analysis gfPPlication Facility on Nowcasting and Very Short Range

SCAPP functionality is given iBehrens and Grew@005. gg{;cgsf\'ﬂngéf’sgag?plglgtr?el\?;”;?mcﬁ)ljg L?;gge;)r/]dpggﬁjs

type is based on pixel-by-pixel analysis on original satellite
3 Scheme for automatic quality assessment projection by means of multispectral thresholding method
(Derrien and LeGleal?009. Static and dynamic thresholds
The core conventional data analysis currently operated referare precomputed from geographical, climatological and fore-
to the proposal given blyong and Duttor{2002 with regard  casted data.
to BSRN Ohmura et al.1998. This will be complemented MSG cloud mask and cloud type in a pixel window cen-
by a procedure checking overall data status (sensor degrdered at ground site are used to identify insolation episodes at

G D
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noon. Then following simple extraction criteria are applied: MSG2 SEVIRI Cloud Coverage

Nave < 2 octa && DatAvail > 66 % ? : e )

where N,y is the averaged total cloud coverage at location
and DatAvail is the ratio of valid MSG cloud cover estimates ,H B ‘ y
in the predefined time window. This is to ensure that aver- " '
aged cloud cover represents the whole time frame and is noé
biased due to greater lack of data. Fig@rdisplays exam- |’
plary output of total cloud cover calculation. Referring to & _
satellite data to characterise the cloud coverage at site instea g :
of taking the radiation measurements itself yields some ad- ' ¥
vantages:

cloud cover [octa]

— conventional methods like evaluation of the ratio of dif-
fuse and total irradiation might fail if at least one pa-
rameter is disturbed, potential detection of such misbe-
haviour could be prevented

— a homogeneous method is applied for all ground station

independant of its instrumentation 20100821 11:42 UTC DWD 2010

— evaluation of satellite pixels enables a full sky view, i.e. Figure 3. Total cloud coverage from MSG based on pixel-by-
all sky segments as seen by upward-looking instrumen#ixel analysis using NWCSAF algorithm, mapped onto COSMO-

are checked for cloud contamination DE model domain and calculated for x9 pixel matrix.

Some potential drawbacks need to be mentioned here, too.
The footprint (sampling distance) of SEVIRI radiometer is 1000 LR DR AN AR M It ARAAE A 1000
3km at nadir view and resolution gets coarser towards north 900 | : { 900
and south. It might#ect in an underestimation of small cu- ‘“" 2%

. W 800 | i 1 800
mulus cloudsCumulus humilis To exclude such cases from E i ,f‘ * .
clear-sky evaluation the variability of the ground-based sig- 2. 700 | ¢ § 1 700
nal is checked additionally. Secondly, very thin cirrus from s .0 | [ ) N 1 600

. R . . . <] [ 4 &
time to time remains undetected, but no strofigion is i 2
expected here g 500} ¢ 8 s

' 2 | "
S 400 < ." E 4 400
3.2 Simulation vs. measurement 7 %

' ' 300 | : 3 " 1{ =00
Clouds strongly fiect the radiation field and therefore in- 200 | H $ | 200
fluence the measurements of shortwave total affdsd ir- fotal meas @
radiance. Simulations of arbitrary meteorological scenes re- 10 01 0701 0901 1101 0101 0307 0501 0701 0901 1101 0107 "
quires detailed knowledge of microphysical cloud properties Date in 2010 & 2011 [MMDD]

that can hardly be provided in appropriate quality for the

whole region of interest. Best matches between calculatedrigure 4. Timeserie of calculated and measured shortwave down-

and measured quantities can be expected for clear-sky convard radiation for the pyranometer site Arkona, located at the coast

ditions when direct component of solar radiation dominates°f the Baltic Sea. Bad weather periods cause data gaps, like in Ag-

the total (global) radiation. The focus was set on the insola-9ust and Novembgbecember 2010 and August 2011 as well.

tion time frame ranging from 10:00 to 13:00 UTC. Calcula-

tion of incoming shortwave radiation is done using radiation

transfer code Streamelkéy, 2001). The setup for the model quantities (Fig4). Periods of enduring bad weather condi-

only roughly distinguishes between winter and summer mid-tions cause a further reduction of evaluable data. The distr

latitude atmosphere. It runs with climatological ozone andbution of diterences simulated vs. measured is displayed i

background tropospheric aerosol. the left of Fig.5. The model tends to give higher estimates|
For the comparison study data of pyranometer sites of theeven though some negative deviations are present, too. Same

period May 2010 to August 2011 were selected, resulting in as indicated by the relative bias of 1.02.

total number of 560 cases. Time series of calculated total ra- Figure6 provides a more station specific view on the rela-

diation in general shows a good correspondence to measurabn of calculations and measurements for pyranometer sites.

—
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STREAM vs. MEAS XX #: 560 Table 1. Statistics of comparison model-measurement, instrument
Lo N N R too0 H— Tt classes treated separately. The model overestimates for both cate-
100 ¥ e . gories, but dfference is larger for SCAPP.
§ "E — rbios= 1,02
g 8 \ = Pyranometer SCAPP
3 — s
g 60 7 \ 3 oo g Bias +2.40% +4.29%
T 3 L Sigma 336% 4.61%
=4 / T 400
20
5 200 # 1200 1200
-150-100-50 0 50 200 400 600 800 1000
Difference [W/m2] meosured [W/m2] 1100 i 1100
Figure 5. Systematic deviations of calculated and measured irra- o 1000 - % 1000
diances averaged from 10:00-13:00 UTC for pyranometer sites. Ag T ¢
distinct peak can be found at positivefférences (measured sub- < 900 rg@ 3 900
tracted from modeled). 2
S 800 t . i 800
MOD vs MEAS. clear sky. May 2010 - Jul 2011 (% i
o 2 700 1 700
— o HAE [
8 r Rl z| BG
BN 600 ‘? 4 600
4 T —— total meas —@— l ¢
éT Bt 1 500 fotalmod _, ‘ 500
e | i ® - 0521 0604 0618 0702 0716 0730 0813 0827 0910 0924 1008
i | | ?E . Date in 2011 [MMDD]
- LY
53T + ® | ke E Figure 7. Shortwave radiation (total) measured at site Magdeburg
B2r .l ST Saxony-Anhalt with SCAPP (red) and calculated (green). Note that
o ® ® 1 % identification of strong overestimation in July possibly due to wrong
@ SN . . . .
R = — = station setup caused a release of instrument substitution end of Au-
s i {1 e gust.
WN
“2r e s 1 We
-3r = ) . . . . . . . pu
i . _ meets our expectations and is inline with instrument specifi-
= | i cations Bergholter and Dehnd 994).

Figure 6. Systematic discrepancy and standard deviation of model4 First applications

calculations of downward total shortwave radiation from measured

quantities, given for all pyranometer sites, expressed in percent. Monitoring the diferences in the timeseries of calculated and

measured shortwave radiances reveales possible errors in sta-
tion configuration, wrong calibration or sensor degradation.
Almost all stations show an overestimation by the model, ex-For SCAPP a calibration cycle of 30 month was predefined
cept two mountaineous sites located on top of low moun_aqcordmg to manufactorers adwc_es. Se\{eral years of oper-
tain summits (Fichtelberg 1214ma.s.l., Hohenpeissenber%tlonal service have shown that in practice the cycle must
988m). In other words, lowland stations are receiving lessP€ Set shorter. The comparison model-measurement helps to
radiation than calculated, however mountaineous get morddentify the right time for instrument substitution (see Fp.
It is explained by the fact that calculations were performed InStrument status is a valuable information for operators
assuming a fixed height above sea level (120 ma.s.l.). Thignd basic level quality assessment, too. Figlulesplayes an
finding means that the model setup will need further adjust_example for a graphical realisation of instrument status for
ment for actual station elevation. site Magdeburg (Fig8).
A summary of the results is provided in Table 1. The
model generally slightly overestimates, but filtering for in- 5 Conclusions and outlook
strument category draws afidirent picture for pyranometer
and SCAPP: the systematic deviation is almost doubled fofThe study presented here investigates relations between mea-
the latter. This is possibly due to less long-term stability of sured downward shortwave radiation and calculated values
the sensors, but needs to be further investigated with regarth clear sky conditions to improve automatic data quality
to calibration procedure too. However, the higher variability checks.
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