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11™ BSRN SCIENTIFIC REVIEW AND WORKSHOP

|. OPENING SESSION

The Eleventh Baseline Surface Radiation NetworkRRSL1) Scientific Review and Workshop was hosted
by Dr. Richard McKenzie with the support of Grae8teang of the National Institute of Water and
Atmospheric Research (NIWA) from 13-16 April 2000Queenstown, New Zealand. Dr. Ellsworth Dutton,
BSRN Project Manager, chaired the workshop thatiginbtogether BSRN scientists, station managets, da
users, and experts in areas related to BSRN tewetvie status of BSRN activities, including the$at
developments in instrumentation, operational pracesl data management, and quality control; taudisc
some of the scientific progress achieved as atrebthe availability of the BSRN and its data avet and

to consider future needs and plans for the BSRN.

Agenda Review, Expectations for the Meeting, and B8\ Overview (Ells Dutton, National Oceanic and
Atmospheric Administration/Global Monitoring Divisi)

A brief review of the agenda of the agenda was¥a#id by description of the expected outcomes fer th
meeting. These included a review of the statusbtfaork, consideration of newly proposed sites, the
advancement of basic observational capabilitiesygw of the data archive activities, working goou
reports and realignment of those groups’ chargespaate on the BSRN aerosol optical depth cenémali
computation activity, the general interactions agthe participants, and a spotlight on recent wsikg
BSRN data for long-term variability research. Areoxew of the status of the BSRN highlighted the
following major project accomplishments:

« Satellite product comparisons and validation

» Observational improvements — instruments, techisigaled reference standards
* Climate and radiative transfer model comparisons

» Local/regional radiation climatologies — broad agations

* Substantial data archive accumulated, and archamagement is pro-active

» Provides a unique and productive forum for obséomat radiation scientists

Major challenges facing the network are the nesde@ated with maintaining existing sites and data
accuracy, extending the spatial representativerfas®e network, and developing new data qualitytiamn
measures and products at the data archive. Irrélaeoh related research, the major needs identifere
further refinement in observational capabilitiegleation of the various models used to simulatéase
radiation quantities, evaluation and understandirte long-term variability in accumulated dataaeds,
and further investigation of the requirements foecral measurements. All the challenges need to be
addressed in the typical environment of poorlyaimdestly-funded observational programs, althougheso
opportunities for adequate financial support haaenbknown to appear on occasion. It was notedltlat
sponsoring international organizations that irligi@ither created or recruited BSRN to fulfill thei
recognized needs, continue to evolve and focud@in inost pressing issues and can sometimes fail to
recognize the valuable efforts of existing projeitis BSRN. However, BSRN participants can be asdur
that their efforts continue to serve the need$iefinternational climate research community. It aigs
recognized that everyone’s contribution to BSRM i®luntary endeavor and that participants can have
other pressing requirements on their time thatprament them from being as active in BSRN-specific
activities as they might prefer. The final poinseal in this overview was to review and re-evaltlge
pyrgeometer data reduction methodologies as appiitnih the BSRN program, which was an item thaswa
not on the initial agenda but required some atenfThis last issue was addressed by the Pyrgeomete



Working Group and preliminary considerations wereeted later in the meeting by that working group’s
chair.

Overview of Atmospheric Research in New Zealan(Richard McKenzie, National Institute for Water and
Atmospheric Research - Lauder)

This presentation provided an overview of the oizgtion of science in New Zealand and its histdilye
focus was on the roles of the National Institut®\fter and Atmospheric Research (NIWA). NIWA is
organized along the lines of the U.S. National @a@eand Atmospheric Administration (NOAA), but is
more broadly focused. Emphasis was given to thé&ibotion to the work undertaken a NIWA's
atmospheric research facility at Lauder, in prefiamefor the site visit later in the week.

GEWEX: The Global Water and Energy Cycle Experiment(Dawn Erlich, International GEWEX Project
Office)

An overview of the organization of GEWEX was giveamd GEWEX Phase | results and Phase Il objectives
were reviewed. GEWEX is developing a new missiateshent and set of imperatives for the post 2013
period, which will be refined at the Second Pan-GEX\Ecience Meeting in Seattle, August 23-27, 2010.
Also presented were GEWEX data sets and resuttisidimg the recent inventory of available globafface
latent and sensible heat flux products producethéy.andFlux Project. First results from global,niidy
comparisons for the period 1993-1995 indicate ¢lwatall geographical patterns are consistent andaitey

sets (dry vs. wet regions), but there exists alaagge between data sets in some regions, ircyartin
tropical rainforest areas.

An Update from the GCOS Secretariat and Report of gtion Renovation Activities (Richard Thigpen,
GCOS Implementation Project Manager)

The new Director of Global Climate Observing Syst@&cOS), Dr. Carolin Richter, was announced and a
brief review was given of recent GCOS activitiag;tsas the Implementation Plan. Some of the aietivib
improve the operation of the GCOS Surface and Upgrdietworks were described and included direct
station renovations, regional technical supporjgats, and a network of Commission for Basic System
(CBS) Lead Centers. The GCOS Cooperation Mecharnisatrust fund used by GCOS to fund renovation
projects was described and BSRN meeting particioantted to identify potential projects that might
improve the operation of some of their stations.

[I. OBSERVATORIES — STATUS AND PROPOSALS
New BSRN stations in Japar{Nozumu Ohkawara, Aerological Observatory/Japarelietiogical Agency)

Mr. Nozomu Ohkawara reported that in March 2016,Xapan Meteorological Agency began operation of
four new BSRN type stations in Japan (Sapporo, &k&ulshigakijima and Minamitorishima). The staton
are representative of the four climate zones wiflaipan. Mr. Ohkawara provided an overview of each
station, including location, climate, instrumertati environment and ancillary observations. He estpd

the approval of the new four stations as offici8IRBN sites to enrich the coverage by BSRN in Asi an
Northwest Pacific.

Additional BSRN Field Site Reports(Ells Dutton, NOAA/GMD)

Station reports for several sites’ representatilraswere unable to attend the meeting were gividrose
sites include lzana, Cabauw, Tamanarasset, ari8rffzdlian Sonda sites. All these sites providedepias



of their ongoing BSRN arctivities, which includedtd analysis and summaries along with model and
satellite comparisons. Izana is a new sited adifeg she last meeting and is providing excelletiadiom a
mountain top in the Canary Islands. Cabauw isterainique site with the very tall tower for albedo
observations and making extensive radiative moad@lparisons. The site at Tamanarasset continues to b
and outstanding site very advantageously locatédeircentral Sahara and recently added albedo
observations. The Brazial Sonda sites nicely fill the BSRN map in central South America with dddl
sites proposed as was an additional site in theu@aslands close to Izana but at sea level.

lll. ARCHIVE ACTIVITIES AND DATA QUALITY CONTROL

Status of the World Radiation Monitoring Center (Gert Konig-Langlo, Alfred Wegener Institute)

Since July 2008, the World Radiation Monitoring @er{(WRMC) has been hosted at the Alfred Wegener
Institute (AWI) of Polar and Marine Research atBeehaven, Germany (saép://www.bsrn.awi.de In
early 2010, 47 BSRN stations submitted their dathe¢ WRMC. The data import is organized in soezhll
“station-to-archive files” which contain all thetddrom one station collected during one month.rétave
been a total of 5622 station-month data sets frérstdtions available in the WRMC in January 201devh
only nine stations delivered their data in 1992.

All submitted station-to-archive files are read-easible from any user who accepts the BSRN datasel
guidelines (seattp://www.bsrn.awi.de/en/data/conditions_of datdeasé). The files can be obtained via
ftp://ftp.bsrn.awi.deby using a web browser or any ftp tool. The acteske public file archive is
password-restricted. Read accounts can be obtaimadhe WRMC (emaiGert.Koenig-Langlo@awi.de

An alternative to the ftp access is a data acdesthe Publishing Network for Geoscientific and
Environmental Data, PANGAEA (séntp://www.pangaea.dge/The information system PANGAEA is
operated as an “Open Access” library that is aiatetchiving, publishing, and distributing geo-refeced
data from Earth system research. Although indiMi@#RN data sets can be found by using common lsearc
engines (e.qg.,ttp://www.google.conlor the specific PANGAEA search engirtp://www.pangaea.dg/

the most direct access is given via pre-compileBlBAEA search phrases (see
http://www.bsrn.awi.de/en/data/data_retrieval_viangaea).

A central quality management system for the WRMGrider construction. The basic idea is altering the
data output of the archive but not the data infayirogram for data quality flagging will be accddsifree
of charge and can be used by any WRMC user. Thygramis supposed to keep the error limits flextible
allow more specific error analysis, depending anapplied instrument, the station environment, thad
demand of users.

Atmospheric optical depths (AOD) as well as theegponding transmission measurements will be irdud
in WRMC PANGAEA-service in the near future. The A@Bta will be centrally calculated from submitted
transmission data following the proposal from Br&cegan. An updated Technical Plan for BSRN Data
Management, including some new parameters suckirgegmeter temperatures, is under construction.

WRDC Activities under the GAW Program (Anatoly Tsvetkov, World Radiation Data Center)

The World Radiation Data Center (WRDC) is one ef¥orld Meteorological Organization (WMO) Global
Atmospheric Watch (GAW) data centers for collectiachiving, and disseminating solar radiation
components submitted by national weather and natagical services. Currently, WRDC operates two
databases, one with data archived beginning in d864he other with data from the 227 GAW stations,
plus supporting ones. The average resolution foN\Gstations is hourly and daily for the conventional



stations. Some results of the new QC proceduregdoan parametric and non-parametric statisticallyais
of time series, were presented. Metadata (statidrirsstruments history) allows more qualified castbns
on the data quality.

Processing and Analysis of the BSRN Data and Its Avication in Validating the GEWEX Surface
Radiation Budget Project Release 3.0 Dat@ aiping Zhang, SSAI/NASA Langley Research Center)

As of February 2010, there were 5523 site-montiB3RN data in the archive bttp://www.bsrn.awi.de
The time intervals of the records are either otves;, three- or five-minute. This study focusedtba five
observed variables: (1) the total shortwave dowdvilax by the pyranometer (Global 2 flux, G2); ()ect
normal flux; (3) diffuse flux; (4) longwave downweaflux; and (5) the sum of direct horizontal antfudie
fluxes (Global 1 flux, G1). The quality-check (bdsn the methodology of ETH and Long and Shi (2008)
was performed on the original BSRN data to rematea goints considered in error. Then 3-hourly means
were computed that centered on synoptic hours anshin-between, and daily and monthly means based
on local time. The 3-hourly means were computedhfhmurly means, which, in turn, were computed from
15-minute means. A valid 15-minute mean requiras ahleast 50% of the records have valid measured
values. An hourly mean requires four valid 15-m@niteansDaily means were computed from hourly
means. Following specified criteria, missing hourlgans were interpolated either linearly or based o
cosine of solar zenith angle before the daily me&as computed. A daily mean was not computed ifether
were too many missing hourly means according tsgeeified criteria. Monthly means were computed
from monthly mean diurnal cycles. A valid monthlgam diurnal cycle consists of 24 monthly-hourly
means. The minimum number of valid hourly meansl tise&eompute the monthly-hourly mean in the
monthly mean diurnal cycle can be used as a mea$wedidity of the concerned monthly mean.

Through the analysis of the BSRN data and the GEVBRB-BSRN comparisons, we summarize and
conclude:

1.) Up until February 2010, there were 5523 site-mopnfiBSRN data in the archive from 43 of the 47
BSRN sites, the earliest being January 1992 antatbst January 2010;

2.) Quality-flags were produced based on the methogalisgd at the earlier BSRN site at ETH, and
the methodology of Long and Shi (2008), which &entused to determine whether a record is
retained or abandoned;

3.) About 20% of the sites show G1-G2 RMS errors atfffvand up to 55 Wm-2. After quality
checking, all root mean square (RMS) errors wedeced to below 20 Wm-2. The change in G1-G2
bias errors is not as dramatic except for LlorioriBnopolis and De Aar;

4.) The site Llorin has problems with Global 1, but@®®bal 2 and longwave values appear to be with
the normal range;

5.) The SRB data shows appreciable disagreement vatBybwa and the Georg von Neumayer site
data, in general. However, in the case of dailymaasithout hourly interpolations, their bias and
RMS errors become comparable with other sites;

6.) The missing records in the original BSRN observatican considerably increase the uncertainties
in both the G1-G2 agreement and the SRB-BSRN agreernm the case of daily means, as the
number of hourly mean interpolations decreasesSRB-BSRN bias and RMS errors generally
decrease as well, which is true for either G1 o&&1-G2 blended;



7.) In the case of monthly means (which are computama 24 hourly-monthly means), as the
percentage of hourly means for computing the hemmdyithly mean increases, the SRB-BSRN bias
and RMS errors generally decrease for either Gizor G1-G2 blended;

8.) SRB-BSRN longwave comparisons show generally vepdgagreement, and the missing records
do not significant effect on the level of agreement

V. BASIC OBSERVATIONS — ANALYSIS AND REVIEW
Decadal Changes in Surface Radiation Fluxe®/artin Wild, ETH Zurich)

A recent download of the BSRN archive data (Mar@h® showed that there are now already 20 BSRN
sites with at least one decade of useful data.gktate of trends in surface solar (global) radiadibthese
BSRN sites to 2009 indicates a slow-down of thghigning after the year 2000 compared to simildieza
analyses published in Wild et al. (20@siencand Wild et al. (2002]GR.

With the recently available satellite data set @kand the Earth’s Radiant Energy System (CERES)
instrument Energy Balanced And Filled (EBAF) datsst is now possible to build a “roof” for BSRdtd
starting from 2000 (i.e. to have observationalneates on the radiative fluxes at the top-of-atmesph
collocated with surface radiation sites). The caration of surface shortwave (SW) absorption [caltad
from BSRN data and surface albedo from the (Moddratsolution Imaging Spectroradiometer-MODIS)]
and the CERES top-of-atmosphere (TOA) SW absorpébbows the determination of atmospheric column
SW absorption above the BSRN sites, and an estimafipartitioning between surface and atmospheric
absorption. The combination of BSRN observatiorts watellite TOA observations will also allow ateet
identification of origins of trends in surface galadiation, so that we can start looking at tHe3u
dimensional picture of radiation changes, covesdace, atmospheric and TOA changes. The majofity
the longwave BSRN records show an increase, as®gp&om greenhouse theory, but are seldom
significant at individual sites. Yet the overallaciye of +0.3 Wm-2Yis surprisingly close to climate model
projections.

Trend Analysis of Down-Welling Long-Wave Radiationfrom the BSRN Site Payerne and from Four
Stations of the Alpine Surface Radiation Budget (ABB) Network (Stefan Wacker, PMOD/WRC)

A long-term trend analysis of cloud-free down-wadllong-wave radiation calculated from four stasiof
the Alpine Surface Radiation Budget in Switzerlava$ performed. Cloud-free situations have beerctale
applying the partial cloud amount criteria to thdividual ten minutes measurement periods. Obdensat
with a partial cloud amount less or equal to onesvedtributed to cloud-free situations. The clotekf
monthly data set was analyzed using nonparaméetistical methods that take the serial correlaind the
interaction between the serial correlation andxstiag trend into account. Cloud-free down-welliogg-
wave radiation has been increasing over Switzeflandverage by about 3 Wm-2 deMonthly trends
revealed negative trends in winter, whereas thedreahowed for all stations an upward tendencytinrser
except in August. The longwave trends are condistéh the corresponding temperature and humidity
trends. Using a modified cloud-free longwave partanieation of Brutsaert, which parameterizes the
longwave radiation with respect to surface tempeesand humidity, allowed the estimation of thevaht
radiative forcing components. Results indicate thate than 50% of the observed longwave trends are
temperature and humidity induced. Less than 10%aueed by rising C{roncentrations. There is some
clear evidence that the remaining longwave trendst fme due to changes in the cirrus cloud coveoime
single months. The data propose a decrease o @louds south of the Alps and an increase northeof
Alps. Shortwave data are generally consistent thiéhdescribed changes in the cirrus cloud covevetbr
from the longwave trends.



Aerosols and Global Dimming(Ben Liley, NIWA — Lauder Station)

Aerosol optical depths (AOD) measured over the ealBERN station in Central Otago, New Zealand in
1996-1997, and continuously since 1999, have mahres amongst the lowest observed worldwide. The
Lauder measurements show a seasonal cycle in A@Dawiinter minimum and summer local maximum,
and there is a springtime peak that is more varialthere was an insignificant downward trend inmea
AOD over the period 1999-2008.

Global dimming and brightening in the New Zealaegdion is apparent in pyranometer data from fougion
term sites; they show a downward trend up to 1980, a reversal at three of the sites after thraeti
Attribution to the direct aerosol effect is uncaertiiom clear-sky vs. all conditions, but Lauder B@ata

are too low for this to be a substantial compon&rmomparison with much longer records of sunshioers
throughout New Zealand shows that there was a wéimtreasing cloudiness to around 1990, and &ndec
since then, consistent with the global pattern.

LIDAR observations of aerosol backscatter at 532oner Lauder from November 1992 to February 2009
provide a uniform data record since the Pinatuber@iath. The upper tropospheric AOD from LIDAR
shows an annual spring maximum that correlates B8RN data, and supports the inference that the
aerosols are of remote origin. From a minimum ado2@00, the stratospheric aerosol column has isecka
at a rate of around 4% per year.

A Closer Look at Dimming and Brightening in China During 1961-2005(Xiangao Xia, LAGEO,
Chinese Academy of Sciences)

This study investigates dimming and brighteninguface solar radiation (SSR) from 1961-2005 im@&hi

as well as its relationships to total cloud coveZ ). This is inferred from daily ground-based alatonal
records at 45 pyranometer stations. A statisticgthod is introduced to study contributions of chesip the
frequency of TCC categories and their atmospheitsparency to the secular SSR trend. The surface
records suggest a renewed dimming beyond 2000 ithKBhina after the stabilization in the 1990s;
however, a slight brightening appears beyond 28@outh China. Interannual variability of SSR is
negatively correlated with that of TCC, but thesaipositive correlation between decadal varighilftSSR
and TCC in most cases. The dimming during 1961-19@Qclusively attributable to decreased atmospher
transparency, a portion of which is offset by T€&fiency changes in Northeast and Southwest Chiirea.
dimming during 1961-1990 in Northwest and South€&dsha primarily results from decreased atmospheric
transparency under all sky conditions and the p¢age of dimming stemming from TCC frequency
changes is 11% in Northwest and 2% in SoutheastaChiecreased atmospheric transparencies during
1991-2005 in North China in most cases lead tatimming. TCC frequency changes also contributd¢o t
dimming during this period in North China. Thistig® is more pronounced in summer and winter when
TCC frequency changes can account for more thand@@nming. In South China, increased atmospheric
transparencies lead to the brightening during 18®15. A substantial contribution by TCC frequency
changes to the brightening is also evident in gpaind autumn.

V. INSTRUMENT SPECIAL REPORTS

Infrared Irradiance Calibration Activities at the W orld Radiation Center, PMOD/WRC (Julian
Grobner, PMOD/WRC)

Two Infrared Integrating Sphere (IRIS) Radiometerse been operating beside the World Infrared Siahd
Group (WISG) pyrgeometers at the Physikalisch-Metlegisches Observatorium Davos PMOD/World



Radiation Centre (WRC) since November 2008 and la&st@009 respectively. The IRIS radiometers are
calibrated for longwave irradiance using the PM@Dity and serve as transfer standards for atmogpher
longwave irradiance.

The stability of the IRIS-1 Radiometer was foundéowithin +0.3% over the current measurement gerio
with an estimated uncertainty of 1.6 \Wim longwave irradiance measurements. Between @c2®09 and
March 2010 both IRIS Radiometers have shown anllext@greement of 1.1 Wfrand a standard
deviation of 0.5 Wri during nighttime measurements. Even though theG\Mi&s shown an internal
consistency of 1 Wrhsince January 2004, all WISG pyrgeometers shotesyatic dependencies of up to 6
Wm? with respect to the IRIS radiometers, with inciegslifferences occurring in drier atmospheres at a
lower integrated column water vapor. These obsemvatare consistent with International Pyrgeometer
Comparison (IPASRC-I) and IPASRC-II campaigns tidab showed similar differences between humid and
dry atmospheres. Investigations of specific pyrgetems indicate that the spectral transmission fanstof
the silicon domes protecting the thermopiles aspaasible for this behavior. Ongoing work at
PMOD/WRC is aimed at securing the IRIS radiometedsecome transfer standards for atmospheric
longwave irradiance and thereby replacing the cotieeal WISG reference by a group of IRIS radiomete
providing direct traceability to the SI unit Wmealized in well-characterized cavities.

Direct Beam Comparison (Various Conditions Pyrhelioneter Comparison-VCPC)(Joe Michalsky,
NOAA/OAR and Tom Stoffel, National Renewable Enetgyporatory)

Thirty-three commercially available or modified pgliometers were compared over a 10-month period
from November 2008 to September 2009 at the NdtlRaaewable Energy Laboratory in Golden,
Colorado, USA. Three of these were windowed cadtjometers whose average was compared to each of
the other commercial pyrheliometers in the study.adnonthly basis, all pyrheliometers, including th
windowed cavities, were calibrated using four opavity radiometers. The purpose was to compare the
performance of various types of pyrheliometerstesgnted by a triplet of a given type of instruraent
relative to a best possible reference group of oreazents under all atmospheric conditions, Diffessnof
each pyrheliometric, 1-minute measurement fronatrerage of the three windowed cavities revealeat cle
agreements among the pyrheliometer triplets arat distinctions among the different types. Thrgeesy
showed similar and larger deviations; four typesasdd similar and smaller deviations; all prototyfes
which only single instruments were included, fetbi one of these two categories except for tworclea
outliers; and the smallest deviations were among#vity radiometers. Uncertainties of these three
categories are roughly 0.5% absolute for the wiretbwavities, 0.7% for commercial pyrheliometers
showing the smaller deviations, and a still resiglet 1.4% for the largest deviating pyrheliomeypes.

The outliers are not considered in this estimatenckrtainty.

Correcting for Tilt in Aircraft and Ocean Shortwave Observations Using the Diffuse to Direct Ratio
(Chuck Long, Pacific Northwest National Laboratory)

Downwelling shortwave (SW) measurements made oringglatforms are negatively impacted due to the
continuously changing tilt from horizontal of theeasuring instruments. Using a newly available nadir
(SPN-1) that makes reasonable simultaneous measotewf downwelling total, diffuse, and direct SW
regardless of azimuthal orientation with no movagts, a methodology has been developed to cahrect
data for tilt from horizontal. The methodology amts 90% of the data to within 10 W/or tilt from
horizontal up to +/- 10 degrees. There is a neetbfm-term accurate surface measurements repnegeit
areas of the globe to document climate changeoVYeat two-thirds of the Earth's surface is oceanfwere
long-term measurements are most practical usingsowhich are highly prone to tilt errors. The
development of the new SPN-1 radiometer along thightechnique for tilt correction now opens a real
possibility for producing the needed long-term aat@imeasurements over the world's oceans.



VI. WORKING GROUP REPORTS
Infrared Working Group (Julian Grébner, PMOD/WRC)

The Infrared Working Group was not active as a grduring the past two years. However, significaatkv
has been done by individual members of the groupliaboration with other BSRN members. Thus,
investigations on Eppley pyrgeometer charactennatin cavities demonstrated the importance of
differential heating of the body and dome to re&ithe dome-body factor with low uncertainties.
Furthermore, a variety of pyrgeometer equationevaegplied to the cavity measurements in view of
improving the current pyrgeometer radiometric madedd by the BSRN community. Comparisons of
pyrgeometer characterizations have been carriedetuieen several laboratories (PMOD, JMA, NREL) and
have shown very good agreement in retrieving trefficients of the PMOD equation in some cases. The
work topics to be addressed in the coming periatiwthe IR WG will be to propose an improved
pyrgeometer equation to be used as BSRN referentt®acontinue with bi-lateral comparisons of black
body cavities operated by various groups within BISRs a third topic, the influence of solar radiation
longwave irradiance derived from shaded and unshpgeyeometers will be investigated.

AOD Working Group Report (Bruce W. Forgan, WG Chair, Bureau of Meteorology)

Significant progress has been made in the spacramission archive since the BSRN Meeting heltliy
2008. Since modification of the submission fornmaBeptember 2008, and the initial submissions vedei

in February 2009, 16 stations have either providstidata or submitted several monthly submissibas.

date over 1400 station-months of successful sulimnisdrave been made and Aerosol Optical Depth (AOD)
products derived.

The initial submissions were very beneficial inabdishing the data checking protocols prior to pssing
for AOD products. Currently, checks on station lgwessure, apparent solar zenith distance, and
transmission limits have highlighted some diffeesin station processing methodologies, particufar
zenith distance calculations. As a result, it hesnrecommended that station managers utilizeolae- s
position algorithms available in the World Meteagical Organization Guide to Meteorological
Instruments and Methods of Observation (CIMO) Guleapter 7, or algorithms similar to that avaiabl
from US Department of Energy National Renewablergneaboratory (NREL) (spa formulation).
Regardless of the source it is essential that onpkemented, the algorithms are checked againstgmyi
verification sources like the Nautical AlImanac.

The Alfred Wegener Institute for Polar and MarinesBarch (AWI) and the AOD WG are developing a
methodology so that the transmission and deriv&@RR’ AOD products can be incorporated into the
PANGEA information system. It is expected that thil be under trial before the end of 2010. A by-
product of BSRN processing will be the ability tmguce AOD statistics files in a form suitable for
transmitting to the GAW aerosol database. Data gitgnsito the BSRN transmission archive have been
asked to indicate whether they want their dateetsubmitted by the BSRN into the Global Atmosphere
Water (GAW) aerosol database.

Spectral Working Group Report (Joseph Michalsky, NOAA/Office of Oceanic and Atmbsric
Research)

Members contributing to this report were Alex Maresurent Vuilleumier, Rachel Pinker, and Joseph
Michalsky. Alex’s report brought our attention to¢e papers; the first one was “Intercomparison of
erythemal broadband radiometers calibrated by seenalibration facilities in Europe and the USAY b
Hulsen et al. in Atmospheric Chemistry and Phy2@88. The authors showed that the laboratoriealzlee



to provide spectral and cosine characterizatiomd,carrections for ozone column and solar zenitjfieafor
broadband sensors to estimate erythemal to abowtiB%one exception. A WMO report (TD-1289) by G.
Seckmeyer et al., “Instruments to measure soleavidilet radiation: Part 2: Broadband instruments
measuring erythemally weighted solar irradianckeady outlines the specifications that should dbexed

to for broadband sensors that are used to meaghemal irradiance. The third is a WMO report (TD-
1454) by Johnsen et al., “Intercomparison of glaidlindex from multiband filter radiometers:
Harmonization of global UVI and spectral irradiaricghich describes the results of comparing narrameb
UV instruments that are used to estimate the Uxn@VI1). The outcome was production of UVIs theg a
as much as 12% off in the worst case. Using a waultite regression approach for all of the UVI-#éres
channels, the UVIs can be made to agree withirugleoof percentage points. Rachel Pinker presemted
plot of Photosynthetically Active Radiation (PAR) estimated from the Moderate Resolution Imaging
Spectroradiometer (MODIS) instruments. One ploinsdtbthe PAR product developed at the University of
Maryland in collaboration with NASA Langley. The RAneasurements made by SURFRAD at the surface
were compared to the satellite estimates in anotbile the results were satisfactory, she felt thare

were still too few sites measuring PAR for a thgtowalidation of the satellite data.

Measurement Uncertainties Working Group(Bruce W. Forgan, Bureau of Meteorology)

While there has been little activity directly redtto the Working Group, several external fact@ngeh
strengthened the need to increase derivation adrtainties for BSRN observations. These include:
1. Memorandum of Understanding between the Internati@mganization for Standardization (ISO)
and the World Meteorological Organization (WMO)siandards application and dissemination;
2. the Mutual Recognition Arrangement between theratitonal Bureau of Weights and Measures,
France (BIPM) signed in April 2010; and
3. the recent BIPM and WMO co-sponsored meeting orearetogical observation traceability; and
extensions to the ISO Guide to the Expression afethainty in Measurement on utilization of the
law of propagation of distributions (LPD).

Two examples were presented showing the applicafitime LPD to estimating uncertainties in dailyeso
exposure estimates from geostationary satellitgggma and modeling the impact on missing daily expe
data when calculating annual average solar exposure

Two recommendations were presented:
a) Continue with the Uncertainty Working Group but mevith a watching brief; and
b) Invite a meteorologist from a relevant national smeament institute (e.g. NPL, PBT, NIST, etc.) to
the next BSRN meeting.

Cold Climate Issues Working Group(Chuck Long, Pacific Northwest National Laboratory)

A summary of the progress and description of measant issues associated with operating in coldatém
regimes was given. It was noted that indicationglolbal warming are expected to be most noticeabtlee
polar regions. Detecting these indications requasirate long-term radiation measurements, butdtie
climate regime is perhaps the most difficult ancshan which to make these measurements due to
difficulties associated with adverse frost, rimiagd snow influences on the instruments and measune
systems. Several studies have been or are undépviyestigate possible ways to mitigate these egdve
effects, but to date there has been no definithsavar. Under the auspices of the BSRN Cold Clinssaes
Working Group, work will be continuing in the hoptbst in the future perhaps some recommendatiams ca
be made to the community on successful methodsefaling with the adverse situations encounterexblch
climate regimes.



Long Term Data Sets Issues and Analysis Working Gup (Martial Haeffelin, LMD/IPSL/CNRS, Ecole
Polytechique)

Participants at BSRN 2010: J. Badosa (U. GirokaBehrens (DWD, D), J. Grébner (PMOD, CH), M.
Haeffelin (IPSL, F; Chair), C. Long (PNL, USA), RicKenzie (NIWA, NZ), N. Ohkawara, (Kishou Met),
L. Vuilleumier (MeteoSwiss), S. Wacker (PMOD, CH), Wild (ETH, CH), T. Zhang (NASA, USA)

Objective: To list what topic the LTWG would like &ddress in the next 2 years
Discussion topics
1. Quality Control:

LTWG feels that QC flags must be associated witRE%lata

« Recommend that QC flags be “re-introduced” quiéklthe database

« Extensive work on QC already exist (e.g. TaipingZdnor Chuck Long)
2. Error bars:

e Error bars are missing in many analyses

* Requires in depth uncertainty analysis (e.g. BRmgan)
3. How to?
4. Numerical routines (fortran, C, Matlab)

Series of actions to disseminate know-how: haliepayiews + references

Recommended methods to compute monthly means () Wi

Practical methods for robust linear fitting (C. Igdn

Procedure to handle non normally distributed réaliatlata (B. Liley)

Steps to remove auto-correlations in trend analf&i$Vacker, J. Grébner)

Report on techniques developed by B. Weatherhehdlpodetect trends in radiation data (T. Zhang)
Added benefit of using relative values (e.g. meed8W/parametrized clear-sky SW) in long-term
analyses (C. Long)

Added benefit of using weather regimes in varigpgind trend analysis (M. Haeffelin, C. Long)
Recommendation of Metadata required to analyzetiisi data (N. Ohkawara)

List available useful routines in Matlab (J. Badosa

ok whE

© o~

VIl. CLOUDS AND AEROSOLS
GAW-PFR Network and Its Calibration (Christoph Wehrli, PMOD/WRC)

The World Optical Depth Research and Calibrationt@e(WORCC) operates a network of Precision-
Filter-Radiometer (PFR) sunphotometers at 12 gletadions. Over the last two years nine additisitak in
Europe and Antarctica have joined this networkss®eiated stations. Raw measurements from the
instruments are collected and processed at WORCLdaily basis and made available as quick-lootsplo
at http://www.pmodwrc.ch/worc@ total of about 1250 station-months have bedleced since 1999.
Quality assured data are available from the WodtaCenter for Aerosols (WDCARttp://wdca.jrc.id,
which was moved thttp://ebas.nilu.ndn January 2010. Numerical aerosol optical depihes will become
available from Norwegian Institute for Air ReseafbiLU) for assimilation and validation of weather
forecast and chemical transport models.

Instrument calibration within the Global Atmosph#&vatch (GAW) Programme - Precision Filter
Radiometers (PFR) network is traceable to a Triagference instruments maintained at WORCC. Iatern
monitoring and external validation of the Triadioate an uncertainty of slightly better than onecpat

over a period of several years.

1C



Explaining the Seasonal Variation of Multi-Filter Rotating Shadowband Radiometer In Situ
Calibrations (John Augustine, NOAA Global Monitoring Division)

A recurring seasonal periodicity of about +4% hasdme obvious in the Langley calibrations of thetble
Multi-Filter Rotating Shadowband Radiometer (MFR$Rgd for, among other things, the determination of
spectral aerosol optical depth. This effect haslseen in all channels, all MFRSR instruments, atradl
stations, which indicates that the phenomenonhierint in the instrument design. The MFRSR head is
supposed to be stabilized at 40°C, but head temperdata show that the MFRSR head is not well
stabilized. For example, at the Table Mountaini@tagnvironmental temperatures ranged from —10°C to
over 30°C over a 4 year period and the measurediteesperature ranged from 34°C to 40°C. Based en th
relative positions of the electronics (amplifiersldeedback resistors) and detectors inside ofi¢iagl, it

was determined that the electronics are not théyratabilized, but the temperature of the detedwrgell
controlled.

A laboratory experiment was set up to investightetemperature sensitivity of the MFRSR head. Stver
MFRSR heads were tested in an environmental chawitieheating and cooling capabilities. A stableLFE
lamp was used as the light source. The temperafuhe chamber was ramped up and down from —10°C to
45°C while channel signals were measured. Darlasigimeasurements without the light source) showed
signal variations with temperature that were cdasiswith variations in field in situ calibrationisg., low
signals at low temperatures and higher signalggaeh temperatures. This behavior indicates that th
thermal response of the electronics in the MFRSRIlie the source of the seasonal variation of leangl
calibrations. MFRSR channel signals for the condtai light source also show the same temperature
dependence. Not accounting for this thermal sefitgiforoduces AOD errors of about 0.04.

A newly designed MFRSR with better thermal stahbtilan was used to examine temperature effectsen th
MFRSR Spectralon diffuser. Those experiments shahadstructural changes of Spectralon across 19°C
cause a 2% change in transmission for all chanmhls.transmission change during a Langley calitmnat
can produce a maximum error in AOD of 0.004.

Last, we looked at whether the thermal responseeoMFRSR had a “cosine” effect. MFRSR head
placement was at normal incidence to the light @@fwr most of the chamber experiments. Measuresment
for head tilts of 60° and 80° showed no differenompared to results determined at normal incidence,
which indicates that our experimental results applyn situ measurements used for Langley calibneti
which are made between 60° and 80° solar zenitleang

The Glory of Radiation: Multi-Angle Polarized Remote Sensing of Clouds, Aerosols, and Surfaces
(Mikhail D. Alexandrov, Department of Applied Phgsiand Applied Mathematics, Columbia University)

An overview of retrieval capabilities of a spacddarne multi-angle polarimetric sensor based ordtta
analyses from the Research Scanning Polarimetd?)(R8s presented. This instrument is an airborne
prototype for the Aerosol Polarimetry Sensor (AR@)ich is due to be launched in 2010 as part of the
National Aeronautics and Space Administration (NA&HAory Project. RSP measures both polarized and
total reflectance in 9 spectral channels with ceweevelengths of 410, 470, 555, 670, 865, 960, 158680
and 2250 nm. This is a push broom sensor (scang #&lack) recording 152 scenes within 60 degrems fr
the normal with 1 degree resolution. The measutekleS parameters allow for retrievals of a numier o
cloud and aerosol properties, as well as the greurfdice characteristics.

An algorithm for retrieval of cloud droplet sizesttibution parameters (effective radius and vaéfiom

RSP measurements of the polarized rainbow (in #40e-1.70 degrees scattering angle range) was teslcri
The shape of the rainbow is determined mainly hglsi scattering properties of the cloud particlésuus,
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cloud retrievals from RSP data are just as accuanageland as over ocean (no surface albedo issues)
are independent of the optical depth (i.e., workclimmon low water path clouds). The algorithm's
performance is illustrated by the results from tecent field campaigns: the Coastal Stratocumuhyoked
Perturbation Experiment (CSTRIPE, 2003) and thetiRelAVP CLOWD (Clouds with Low Optical Water
Depths) Optical Radiative Observations (RACORO,D00ur retrievals are consistent with the coreslat
in situ measurements of cloud droplet sizes madaglthese campaigns.

Aerosol retrievals from RSP data include opticaittieparticle size distribution, and complex refinze
index. These retrievals are made jointly with dation of the surface characteristics, such as cphoyll
concentration in the ocean or bidirectional reflace of the land. In particular, polarized reflac&of the
land is spectrally invariant even over complex redtand urban scenes, thus allowing for accurdtevals
of aerosol properties. Aerosol retrievals over dbutilize the polarized reflectance at side sdatjeangles
(away from the rainbow). Typical accumulation ma@eosols generate significant polarization at 88%/6
nm. These aerosol retrievals also improve clougtegsure estimates.

Detection of the Occurrence and Impacts of Islandrifluence on Nauru ARM/BSRN Measurements
(Chuck Long, Pacific Northwest National Laboratory)

The small island of Nauru hosts a U.S. DepartméBinergy Atmospheric Radiation Measurement (ARM)
measurement site that is intended to represematfer surrounding oceanic area and is a BSRN
contributing site. However during a field campatgare in 1999, it was noted that the island landsis.
sometimes producing clouds that, depending on thd direction, could travel over the ARM site andd

the measurements away from that of the surrounalie@nic area. A subsequent experiment developed the
means to identify when a Nauru island influencélenARM measurements was occurring, and a simple
separate downwelling shortwave (SW) site was dsta on the southern side of the island in Septemb
2005. Using data from 2005-2009, an analysis ofrémguency of an island influence, and the corradpw
impact on the ARM site measurements of cloud fraqueind downwelling SW, was presented. In
summary, an island influence occurred on averagegld1% of the daylight hours, increasing the lewel
cloud occurrence by 15-20% in the 500 to 1000 mgiitdayer, and decreased the downwelling SW amount
by 20% compared with non-influenced times. A datalsat includes a 1-minute resolution flag whetier
island influence is occurring will be made avaitatiirough the ARM Archive, and could conceivably be
included as information given out through the BSRighive.

Cirrus cloud radiative forcing on surface-level shotwave and longwave irradiances in cloudy and
quasi clear-sky situations(M. Haeffelin and J-C. Dupont, Institut PierreSiénon Laplace, Ecole
Polytechnique/UVSQ/CNRS, France; and C. L&agific NW National Laboratory, Richland WA, USA

Data collected at four ground-level sites are aredyto determine the surface cloud radiative effe&E)
induced by cirrus clouds at regional scale for shave (CRESW) and longwave (CRELW) fluxes. Cloud
radiative effects are determined by subtractingumatrized clear-sky fluxes derived from measurédial
fluxes. Sensitivity of surface CRESW to cloud ogtithickness (COT) modulated by solar zenith aagig
atmospheric turbidity (noted CRESW?*) and sensijivif surface CRELW to infrared emissive power of
cirrus cloud modulated by water vapor content (@@&ELW?*) are studied. The average CRESW* is =120
W m2COT* but it ranges from —80 to —140 W HCOT * depending on the solar illumination with a
residual variability ranging from +40 and —40 WA€OT * from pristine to turbid conditions, respectively.
The CRELW?*, that corresponds to the infrared traissivity of the atmosphere, ranges from 3% to 40%
from dry to wet atmospheric conditions, respectivéhe subvisible cirrus class (COT<0.03) over mid-
latitude sites, that represents 20% of the pomratnduces a significant increase in surface LiAdiance

at the 2—7 W nflevel. The semi-transparent cirrus class (0.03<0QD3) that represents 45% of the
population, affects the surface SW irradiance b¥ tel-25 W m? Finally, by combining SW, LW and
LIDAR measurements, we find that situations tygicelassified as clear-sky in irradiance analyseay
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contain high-altitude cirrus clouds. These cirrloaids detected by the LIDAR in “quasi” clear-sky
situations belong to the semi-transparent (50%)saihdisible (50%) classes.

Radiation Regime and Cloud Characteristics of the Bst Antarctic Plateau as Derived from a 4-Year
Record from Dome Concordia(Christian Lanconelli, ISAC-CNR)

The ltalian-French station of Dome Concordia (Cated at 75°S and 3200 m on the East Antarctie&lat
has hosted a BSRN basic set of instruments simeeada2006. The implementation of measurementseof t
extended upwelling component was installed duripgl®007. An automatic quality control of

downwelling longwave (LWD) radiation, based on B®8RN community recommendations, was developed.
After an additional manual check of monthly filése quality checked data were submitted to the owdtw
(currently updated to February 2010). The overalbant of data received from Dome C every month is
likely to be more that the 90% of the total dataj greater than 95% for all the SW componentsyfight

time is assumed as a reference. Neverthelessgdriker failure period (August 2007 to Januar§&0

was reported. Data logger failures occurred in 2008 and 2009, producing a loss of approximatety

40% of the data for those months.

The quality checked data fraction appears to belkext in respect to the physical possible limR®() and
good in respect the extremely rare limits (ERL& WD component being the one with the greateuffail

in lower ERL, which is likely to be related to thgtremely cold and dry climate of Dome C. The 4ryea
period was analyzed in order to continue usingstimae procedure for the whole dataset (includirckéna
failure periods), using an algorithm derived frdme SW clear identification algorithm (Long and
Ackermann, 2000) and the clear sky parameterseoétfuation Y=A*cosZfrom global radiation. Average
values for parameter A and B are 1405451 and 1.08+H®&spectively, and they appeared to be comparabl
with those obtained for the Georg yon NeumayeiastdtGvN) Antarctic Coastal Station using the same
algorithm.

Using daily parameters for the definition of thean sky irradiance curves, the cloud effect SWDEhen
downwelling shortwave global component and the ¢lapparent transmittance T were calculated and
averaged on a monthly base (from October to Masclalf campaigns). The average of SWDE over the 4-
year period is -9 + 7 W/mwith monthly values variable between -20 \fand 0; any temporal tendency
was observed. The apparent transmittance variegebat0.9 and 1.0 with an average value of 0.96+4203
the period considered (October to March), as tygaracirrus clouds.

Upwelling SW and LW components, measured sincel 2007, are going to be included in the archive as
the LO300 logical record. In this framework the retiation balance RN, defined by the sum of alfdur
components SWD + LWD - (SWU+LWU), was calculated.rhonthly averages were observed to vary
between -50 W/fduring winter periods, to some positive but lesdesolute values during the summer
months (November-February).

A seasonal behavior of the atmospheric effectivesgrity was also reported to vary between 0.4 (sen)

and 0.65 (winter) for clear sky cases. Higher valioe wintertime are likely related to the strongface
inversion present throughout the year excludingidanand December.

VIIl. UV, ALBEDO, AND SPECIAL APPLICATIONS

Ultraviolet Radiation Index Research in New ZealandRichard McKenzie, NIWA — Lauder)

An overview of the wide range of ultraviolet radiex (UV) research activities undertaken by NIWA,
especially at Lauder, was given. Included weresttience of ozone depletion and its effects, anetleets
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of other atmospheric and terrestrial variables.eD#spects include quantifying health effects of (Buth
positive and negative); outreach such as provitdixignformation to the public through the media, the
Internet, and instrumentation; and finally the ps@mn of policy advice for public health messadés. more
details, seéttp://www.niwa.co.nz/our-services/online-serviagsand-ozone

Estimation of Cloud Effect on UV Erythemal Irradian ce Using SW Irradiance Data(Laurent
Vuilleumier, Meteo Swiss)

The application of radiative transfer models (RTKts)estimating ultraviolet radiation (UV) for time
periods and locations where no observations aréabl@leads to good results for clear-sky situzio
whereas the treatment of cloudy situations is farawlifficult. A UV reconstruction method based on
modeled clear-sky radiation and cloud modificafiactors derived from observed total shortwave iaace
(SW) was developed to address this. Relationstépsden the cloud effects on UV and SW radiationewer
investigated for their dependencies on differenirenmental effects and climate conditions using
measurements from four stations in Switzerland éRay, Davos, Jungfraujoch, and Locarno-Monti). The
method captured the short-term variability causedhanging cloud coverage and demonstrated good
agreement with observed UV during an approximateygar validation period, which confirms that it
performs well in different climate regions in Svétiand without further adaptations. Root mean sgjuar
differences (RMSs) between 4.5 and 7.2 m¥@xn7-12.1%) were found for 10 minutes’ data, aod f
estimated daily doses the RMSs were smaller thz.8.

The derived relationship was used for reconstrgdii radiation at the four stations for the timeipe

1981 and 2007 and establishing a climatology ofrel¥ation at locations representative of differdithate
regions in Switzerland. This allowed an analysithefevolution of the reconstructed UV time-series.
Positive decadal trends for the median daily UWugalbetween 5.6-11.5% were found for January te,Jun
with the largest relative changes for March, whil&lay and June, the absolute increase in the Wixn
over the last 27 years was between 0.54 and 0i&5 un

The temporal evolution of observed SW radiation tatal ozone was identified as being statistically
insignificant for most stations and months. Thhs, gignificant increase of UV radiation found atstno
stations in January to June results from the coatioin of mainly non-significant increases of SWiatidn
and reductions of ozone. On the other hand, asttatly significant decrease in regional snow camaild
somewhat offset the effects from SW and ozone amng

UV Measurements in the Centre of the East Antarcti®lateau(B. Petkov, V. Vitale, C. Lanconelli, M.
Mazzola, M. Busetto, A. Lupi, ISAC-CNR)

The results of total ozone and surface UV irradéaveriations at Dome Concordia Plateau statiorstegid

by the narrow-band filter radiometer UV-RAD duriaghree-year period has been presented. Develdped a
the Institute of Atmospheric Sciences and Clim&&C-CNR, Bologna, Italy), the radiometer measuhes
solar global UV irradiance at ground level withe#ven channels peaked at 300, 306, 310, 314, 33538
364 nm, respectively. Each channel, containingreomaband interference filter and correspondingspas
band components, presents a full width at half marn (FWHM) varying between 0.7 and 1.0 nm. To
evaluate the ratio of irradiance at two wavelen@hsvhich the ozone presents a different extent of
absorption, the total ozone amount is extracteidgus look-up table computed by the radiative tfans
model. The UV-RAD measurements allow for the retmiation of the surface UV spectrum, fitting the
calculated by means of the radiative model (TUVhim present case) spectrum, where the total ozone i
inserted as an input parameter and assuming FWHMQ, to the measured irradiance. After that, the
biological weighted doses together with the UV-ixdan be assessed. Several intercomparison canspaign
performed during the past 5 years, after UV-RAD baen calibrated through comparison with the Bentha
spectroradiometer, confirmed the good quality efitistrument.
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The UV-RAD was based at Concordia station in thetralispring of 2007. The total ozone extractedfro
the UV-RAD data showed a large variability durihg springs of 2007-2009, presenting amplitude06f 1
140 DU. At the same time the comparison with dedenfthe ground-based SAOZ and OMI satellite
instruments indicates a difference, reaching at@Q%o with respect to the first dataset and an
overestimation of no more than 15% with respedthéosecond. The quite stable values ranging bet@gen
and 320 DU took place during the summer period,nithe comparison with the OMI data showed a good
agreement £ 5%).

In some cases, the summer daily erythemal dosésated through the UV-RAD data exceeded 6 ) an
higher value than the corresponding one registar&wlogna, Italy by the same type of instrument. A
comparison of the erythemal doses assessed abtief(@lia station with those evaluated at the NysAiel
Arctic station, where an UV-RAD has operated frdd0&, highlights the impact of the clouds, which are
able to significantly reduce the erythemal dosee fidsults show that at the Concordia station tharser
level of daily erythemal dose is higher than theesponding Ny-Alesund levels by a factor between t
and three.

The analysis of UV-B irradiance variations, preedry 306 nm irradiance time-patterns during th@g20
and 2009 austral springs, showed a strong depeeadsnthe total ozone amount behavior within theesam
period. The UV-A band, represented by 364 nm wangtteirradiance, was found to depend mainly on
cloud cover conditions.

Evaluation of Radiometers in Full-Time Use at the U5. National Renewable Energy Laboratory(Tom
Stoffel, National Renewable Energy Laboratory)

An evaluation of the relative performance of thenptement of pyrheliometers and pyranometers degloye
at the National Renewable Energy Research Labgr&tiREL) Solar Radiation Research Laboratory
(SRRL) was conducted. The evaluation represerisiget! sample of instruments (usually one) from
various manufacturers, and thus should not be deagea representative of a specific manufactureraatel
of instrument, but only of the instruments at hfsrdhe evaluation. Reference irradiances for dinecmal,
diffuse horizontal, and global horizontal are conegawith the data from 12 pyranometers, three
pyrheliometers, and two shaded pyranometers irtifuk use at SRRL. Data at one-minute intervalewe
retrieved from the SRRL Baseline Measurement Sysgteimp://www.nrel.gov/midc/srrl_bmsData from
other radiometers were used to assess the refedateguality prior to the comparisons with the tes
instruments. Data for 12 months were used for tiadyais, except for a few test instruments instidifter
the beginning of the test period. No explicit carsobn about instrument performance is offeredhas t
experiment was aimed at a very general array dicgiipns with a wide range of instrumentation and
accuracy requirements.

The study shows that for radiometers installed@etated at SRRL, for pyranometer data based ogkes
calibration factor (sometimes in combination witirrections for cosine response and thermal off¢eése
is agreement to better than five percent for stdaith angles in the range of 30° to 60° on a omeHeE
basis. Averaging (hourly, daily totals and averagesnthly mean and annual mean daily totals) hedpeel
some of the random variability between instrumeniere are differences (up to £2%) in the respatysof
pyrheliometers from the two models under analy&iermopile pyrheliometers used in this study exhibi
+2% differences when compared with electrically-salibrated absolute cavity radiometes traceablbe
World Radiometric Reference. A copy of the full NREeport is available at
http://www.nrel.gov/docs/fy090sti/44627 .pdf
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Solar Resources for Photovoltaic Variability(Tom Stoffel, National Renewable Energy Laboratory)

A rapidly growing number and the increasing scélphmtovoltaic (PV) system deployments has created
commercial need for high-resolution solar radiatiiata. Existing national solar resource climatasgire
limited to about a decade of data representativeofly variations over 10 km x 10 km regions. 1@at
and future PV designs and operations will beneditf solar radiation data with one to five secomdgeral
resolution and site-specific (microscale) to a famdred meters spatial resolution.

Preliminary results were provided related to depielg a simple measurement system for monitoring the
spatial variations of global irradiance over a 1kthkm area in Oahu, Hawaii. Data were collecteahe-
second intervals from 17 pyranometers and a rgtatimdowband radiometer. Such data are planned for
developing and validating new solar forecast meshbdt are needed for electric utilities to opethédr

mix of generation options that will include PV sysis. Forecasts of solar irradiance (PV module pidne
array, direct normal, global horizontal, etc.) vii# used as input to models to simulate PV andestrating
solar power systems electrical power generation.

Variability of Total, White and Black Sky Spectral Albedo at US-DOE Atmospheric Radiation
Measurement Facility (Gary Hodges, NOAA/ESRL/GMD)

We explore the variability of spectral albedo, uihg the breakdown of the white and black sky
components, using data collected at the Atmosplradiation Measurement Program (ARM) facility
located in north central Oklahoma. Black sky atbidthe reflectance of the surface from directnbea
illumination only, and is a function of solar zéniéngle. White sky albedo lacks a direct componedtis
independent of solar zenith angle. The instrumeses! for this analysis are lamp calibrated Mulliefi
Rotating Shadowband Radiometers (MFRSR). Thesmimsnts measure at six narrowband channels: 415,
500, 615, 673, 870, and 940 nm. At the centralifache ARM program operates two MFRSRs in thealsu
up-pointing position measuring incoming fluxes. Timegram also operates two MFRSR heads mounted on
towers in a down-pointing position measuring reafeldfluxes. The two towers, while close in proxiynére
installed in disparate surface-type locations. €@meer is located in a natural grass/vegetatiod.fidhe
instrument on this tower is mounted ~10m abovesthiéace. The other tower is located in an active
agricultural field. The second tower is 60m in ltigut the MFRSR is located at the 25m level. Téia dve
present cover all of 2009. During this period theaultural field produces two crops, and is plovieste.

To separate total albedo into its components vge iflentify day pairs that consist of one overckast and
one clear day. Using the surface albedo measumder wvercast conditions we determine the white sky
albedo. We then look at the clear day and exthecblack sky component with the following equation

Albedogg = [Totalt - (Diffuse| * Albedoyg)] / (Direct| * Cosd)

A primary assumption for this analysis is thatuk# albedo is comparable under both cloudy and skga
conditions. In this work we focus on the variakibf total spectral albedo for the area underbm tower
as accompanying imagery facilitates the analydéfs.then break down selected days to show how tfie wh
and black sky albedo varies with different surfatzes and solar zenith angles.

Evolution of Surface Reflectivity in Switzerland Béween 1980 and 2008_aurent Vuilleumier,
Meteo Swiss)

The reflectivity of the ground directly affects thewnwelling irradiance by multiple reflectionsthe
surface and backscattering in the atmosphere alSovéace reflectivity is thus an important paraméage
radiation transfer, and it is strongly determingdtie presence and absence of snow. A scheme bas be
developed for estimating the regional snow distrdsuin the surrounding of any location in Switzenti on
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a daily basis. This scheme is based on observed depths and is consequently independent of datelli
data.

The temporal evolution of the regional snow disttibn was studied using the method based on olserve
snow depth in combination with a digital elevatioondel. Time series of snow distribution in Switaewd
were reconstructed back to 1980 and validated aganmow observations and satellite snow maskéen t
cross-validation during winter periods (NovembeAwil), a probability of detection of 0.96 andalde
alarm rate (FAR) of 0.15 were obtained. The valaabf modeled snow coverage against satellite
observations yielded an agreement between 69% &d A trend analysis of reconstructed time series
using Mann-Kendall tests showed a decrease ofritw sover between -10% and -15% in the lowlands
north of the Alps. The negative trends in the melevated alpine regions are smaller (1%—-8%) and
statistically non-significant (p > 0.1).

This confirmed that the regional snow cover carcsssfully be derived over the last 28 years in
Switzerland, providing valuable information for debing the seasonal variability in surface refiéty on
a larger spatial scale. Nevertheless, it is dffliotlt to achieve good modeling results in thavlands, since
not only the occurrence of snow is infrequent, caregd to alpine regions, but also the amount of sisow
lower. Therefore, both the occurrence and the gtersie of snow at these low altitudes depend stromy
local effects, which are difficult to assess whistmethod.

Spectral Closure in the Visible and Near-Infrared(Joseph Michalsky, NOAA/OAR)

Measurements of spectral irradiance have been atatie U.S. Department of Energy’s Atmospheric
Radiation Measurement site in northern Oklahomagusie rotating shadow-band spectroradiometer (RSR)
for about five years. In this study three modelsenrein using independent (nothing derived from the
spectral data itself) and available inputs to tleeleh and compared to the instantaneous measurenfents
clear-sky direct and diffuse irradiance. The measiants and models were compared in transmissioin no
irradiance. The outcome for six cases was discu§&mde shortcomings seem to be the need for a bette
specification of aerosol optical depth as a functibwavelength, more information on the absorption
properties of the aerosols, and an inability to edaiffuse in the blue-green region properly.

The State and Future of BSRNEIlIs Dutton, NOAA/GMD)

BSRN Project Manager, E. Dutton, concluded the &npnesentations with an update on the overallistat
of the BSRN Project taking into account the infotioraprovided by the participants during the Woidgsh
Overall, BSRN has had many successes in achietdrgiginal goals, but faces continuing challeniges
improving, extending, and expanding its measuresndifitere is an ongoing and future scientific nexed f
the data being produced and the perceived actymriamce of the products and results produced BMNBS
participants continues to grow as the need forajlolimate understanding becomes more widely
recognized. The level of attendance and enthusésh® meeting demonstrates the critically neededgy
and the participating organizations’ support far tontinuance of the now nearly 20-year old endedro
addition to continuing to fulfill the observationadeds addressed by BSRN is the growing interghein
data review and analysis and in particular pursiuihe temporal variability being revealed and mahthe
data sets.

BSRN is indeed fortunate to have the new generalia archive and its eagerness to support both the
archiving and data evaluation requirements. diniscipated that the archive will adequately suppo
central processed data collection and dissemin&tioa number of years to come and will continue to
expand the data review and quality assurance pooeedT he archive will also begin to ingest cehral
processed aerosol optical depths from the BSRN.site
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Considerable issues of mutual interest relativeutrface radiation observations in the polar reghunse
been identified and highlighted by the Polar Regidforking Group. It is expected that this grougd wil
continue to work together towards mitigation of there problematic problems of instrumentation i¢cing
which appears to be the most common and high imgfabe concerns addressed.

The longwave, or infrared, measurements workingigiteas highlighted their concerns regarding the
inherent difficulty in establishing the temporalsility of pyrgeometer data reduction coefficiemtsen
utilizing the more extensive recently derived raatedprocessing expressions. This, along with studrar
efforts, has suggested some improvement to daggrity by using these newer (since 1995) expression
The working group will continue to investigate amgort on their progress in recommending the best
procedures. Establishing and conveying the uncgytéi BSRN observations has long been a topic of
interest to the group. BSRN has conducted multplmonstrations and field tests to help elucidage th
typical expected errors and uncertainty in the neta/routine observations. Minimization of those
uncertainties remains a major focus of the netwatk the Uncertainties Working Group taking thedéa
promoting and advising on the developments andeatk$iture directions for BSRN. With the reportrfro
the Group this year, it is apparent that futureifoon properly specified and documented measurement
uncertainty will become an important of a partha tlata record as the mean or best-estimate qaantit
reported for each physical variable.

An early if not initial motivation for the formatioof BSRN was to provide for data of adequate ¢ali
quantity, temporal resolution, and spatial represtereness to be useful for intercomparison witelfite
derived estimates of the similar surface radiatjoantities. Much of the initial development of the
specifications and requirements for contributin®@&RN were developed about this need. During the
meeting we saw several examples of how existingMB8&a have been and are being utilized by the
satellite community, and indeed, our GEWEX sporssprimary interest in BSRN's activities remains
focused on this application, particularly for itsrfaice Radiation Budget (SRB) project, which waly ab
represented at this meeting by Taiping Zhang. €rand future satellite missions are being coretliand
planned and the continued connection between tihétis and products from BSRN and the satellite
community will continue indefinitely.

Since the beginning of the Project, BSRN has bleerfidcal point between radiometric instrument
manufacturers and the needs of the observatioingdte research community. While the role was baitn o
of necessity of standardization of reasonably effeietive measurement techniques, there contirubs t
the need to the evaluation and reevaluation ofl@sai instrumentation. Since the last meeting BSRN
focused on assessing existing and new commereiadlijable pyrheliometers used for measurementeof th
direct solar beam. This was in part in recognititett there remains some of the greatest uncertairhe
direct solar beam BSRN measurements and thatliekfgectations to substantially reduce those
uncertainties by the network wide proliferationatifweather unwindowed cavities had not materialize
Also, further stimulating this interest, some afésrto characterize and explain some non-randoon err
sources in these measurements had showed proioisg,véith the appearance of new and possibly
improved instruments from various manufactureseiiensive comparison of available instrumentatias w
conducted with preliminary results presented byphdvichalsky. Those results suggest that windowed
cavities do make a viable and highly accurate neufield measurements and further that some availess
expensive, simpler, and perhaps more robust, figldeliometers may closely replicate that capahilit

The interest of the BSRN participants in the caasesconsequences of the magnitude and extent of
variability within surface radiation quantities times as evidenced by several related presensation
Popular topics of investigation continue to be dswaerosol, water vapor, and albedo. Albedo isface
property of considerable influence on the BSRN measents. Observation of the upwelling broadband
reflected solar irradiance to compute albedo atBSRe are highly desired and encouraged. However,
these were not included in the basic set of minimedsurements necessary to participate in BSRN and
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greater emphasis was placed on the downwellingtiigen It nonetheless remains scientifically intpot to
also have observations of associated upwelling sold infrared quantities at these sites as wel
generally more difficult to identify and establiah observational strategy for the upwelling obstova
because the highly variable nature of surface sug@unding many sites. This is crucial especiialty
satellite or larger-scale model comparisons butithiged local representativeness of these measemesm
can provide for local and regional relative changesr time, helping document the effects of thiliggs
snow cover, soil moisture, growing season variatiamd similar. All participants were encouraged to
consider establishing or expanding measurementseaipwelling solar and infrared components ofrtée
surface radiation budget. The field trip to the dauBSRN site provided a good example where that
additional measurement would be desirable.

It was pointed out that BSRN continues to play igu role in the scientific community, not onlyiia data
production activities, but in that it is the onbyrfim of its kind for its participants. That foruprjmarily
through these meetings and resulting contactsjges\an international connection for both measurgéme
practitioners and data users. That connectionavonly be a peripheral component of other orgaitnat
and not the end-to-end unified and coordinated amfethat BSRN is for this globally diverse andidated

group.

Participation in BSRN as a data provider bringpoesibilities, not only to following observing
specifications, but also following through the eaitiés associated with the specifically identifi®ie
Scientist. A somewhat lengthy list of those reslgitities was discussed and is given below.

BSRN Site Scientist Responsibilities include, knat ot limited to:
» Establishing and maintaining a station to BSRN spec
» Collecting, processing and providing quality coh{f@C) data
«  Submitting the highest quality data to the BSRNae
« Being responsive and accountable to inquires aheutlata
* Notifying the archive about known problems in poasly submitted data and supplying corrected
data if and when possible
« Attending and patrticipating in BSRN meetings andakivg groups
« Adhering to the GCOS-10 climate monitoring prinegpl
« Forever trying to figure out how to do it better

To expand on one of these responsibilities, adtoereo the GCOS-10 monitoring principles, eacteften
was reviewed, and which can be found on the GCOSBsite, at:
http://www.wmo.int/pages/prog/gcos/documents/GCdiBiaiz_Monitoring_Principles.pdf

As an aside to primary intent of the meeting, Huetevance and general interest to the BSRN conityumn
recent summary of global mean temperatures wasrshewas recently presented on an identified web si
blog. Presented were five rather well-known, putads and independent analysis of two fundamentally
different surface or near-surface air temperatata dources (three analysis of one source (surface
meteorological station records) and two or the rosiogirce (satellite Microwave Sounding Unit.) wHs
then demonstrated that the linear fit to eachHerlast thirty years including data through 2006 ,\artually
indistinguishable (and were so on the graphic shpwine point being made that despite what mayobmes
eroding confidence or integrity of any one of eittiee analysis methods of the data source, thestilis
multiple evaluations indicating the steady multca@al of temperature. Another plot combining tiesult
with a much longer record indicates, but with lessfidence because the lack of multiple records, dls we
approach the last 30 years of the record the fateease to the current point where the five gsialare in
substantial agreement.

This presentation concluded with a discussion efdallenges and goals for the future for BSRN:
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« Continue to fulfill and update BSRN specifications

* Increase/improve oceanic observations

» Extend network to data poor regions

» Develop, promote, and perpetuate meas. refereandasds

« Improved and extend data QC/QA

» Satisfy GCOS monitoring principles

« Identify adequate funding for operations

* Provide data summary products from the archive

* Finalize incorporation of AOD into archive

» Spectrally specific observations - UV, PAR, hi-res

« Complete surface radiation budget measurementsuj@addlling where missing)

» Strive to address the GCOS concept for a truly b@lbReference Network

« Expanding applications to be addressed--renewaiglggg, agriculture, UV health, carbon flux
(providing net PAR)

« Expand participation in important and rewardinglgsia and research

IX. ACTION ITEMS AND DECISIONS (Ells Dutton, NOAA/G MD)

Before the Workshop was concluded, a few itemsusfriess were addressed that had not been discussed
earlier. Eight new BSRN sites were proposed duttiegcourse of the meeting, four in or near Japam,it
Brazil, one in the Canary Islands, and one onglzend of Reunion. After review of the charactecsbf the
proposed sites the voting attendees recommendeththBour Japanese sites should be included in the
network. The two new sites in Brazil show promisg, it was decided that the archive submission filoen
existing sites in Brazil need to be brought up-tdedbefore adding additional sites. The sea lgtelrsthe
Canary Islands did not appear to address the pyiB@RN requirements for a new site since it appbtoe
be only representative of the local micro to meatesclimate. The site on Reunion also appearsye ha
extensive local influence and the proposing instituwas requested to supply more information abeo
characteristics and potential for the site beingeawadely representative for some percentage ofithe.
The discussion about these sites and considerimitasiimitations on previously proposed sites dmeir
spatial representativeness, led to the decisidrthiee needs to be a designation for such sitegyfare
otherwise producing and providing high quality ddtae BSRN archive representative responded teat th
already is a designation assigned at the archategilies some indication of the surrounding surtspe for
the station, although there is not a specific “negional representative site” designation that felito be
necessary if certain of the proposed sites wouldnoeuraged to participate further.

The BSRN Working Groups and current membership Wwaedly reviewed. All members were asked to
indicate if they either wanted to be removed fromirt current group or if there were any appareanges
that needed to be made within their working grolrpaddition, all were asked to contact the current
working group chairs if they would like to be addedh working group. The current working group
membership is given later in this report, as aegafimary and most current charges to the eachimgrk
group as indicated.

The ongoing cooperative efforts of BSRN and the WR@nmittee on Instruments and Methods of
Observation (CIMO) — Subgroup for Atmosphere Contmmsand Radiation was briefly discussed by
Bruce Forgan, the Chairman of the that committéerd are lots over overlapping interests of thase t
groups with CIMO, primarily involving specificaticand standardization. BSRN is actively pursuingtead
observations and filling in gaps that CIMO has mr&viously or recently addressed.

The BSRN Archive Director, Gert Konig Langlo indied that a decision had been during the week on how
spectral transmissions can be submitted from eaditipating BSRN station to the archive. This waillow
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for the centralized processing of the informatiotoia uniform BSRN aerosol optical depth (AOD) proid
Gert will be providing further information to thosabmitting data.

Workshop attendees were reminded that cloud-baghthabservations were one of the originally desire
BSRN measurements to be archived. While someeofitbre sophisticated LIDAR capabilities that were
initially envisioned for these observations did nwterialized, at least in a readily accessiblenfdhere
may have been some loss of interest or attentitiiganeasurement. It was pointed out that thexe a
commercial ceilometers being produced and usedna¢ ®f the BSRN sites. All sites were encouraged to
report those measurements, if available, or considding the appropriate instrumentation whererotise
no cloud base height information is available. Wisibme of the potential instruments have heigleatien
limits, the observation of lower heights or an egsion for “greater than” the limit would also Hevalue.

The participation in these meetings by represemstirom commercial manufactures of instrumentation
utilized by BSRN sites was discussed. In the phsty participation had ranged from none to a fengll
known companies being invited to attend in a lighiteon-voting capacity. For various reasons, thene
no commercial representatives invited to this widgs although some had expressed an interest in
attending. After some discussion, it was overwhegilyi agreed that all relevant instrument manufactur
be invited to send one representative to the nexstimg, with the understanding that, as before;, theuld
be essentially observers and that nonpromotiotatdntion and information exchange from them wdadd
encouraged.

In addition to this summary report copies of mahthe presentations given during the week are albkl
on the GEWEX web site atttp://gewex.org/bsrn.htmAll participants were encouraged to provide their
presentations to be displayed in this manner asdianit a summary paragraph for inclusion in thjsort.
All attendees and the meeting host, Richard McKesnzere thanked for their participation in botlsthi
Workshop, as well as for their ongoing contributi@aa the BSRN Project. The time and location fer lext
meeting has not yet been determined, but is exgécoteccur in two years, and activities in the ntiea@
will be through interactions with the data archarel within the Working Groups.
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Appendix D

Posters

Global Dimming and Brightening at Carpentras and Trappes (France)Jean-Philippe Morel,
Radiometric Center, Carpentras)

Global Dimming and brightening refer to the decadailations in solar radiation received at the Eart
surface. The first phenomenon is relative to theéespread continual decrease in the amount of ererdy
light reaching the Earth's surface between 19508:1@&bal brightening is related to the increase of
ground-level down-welling irradiance partially reeved after 1988—1990 until the present.

Whereas Global Dimming can be related to increasedsol load caused by pollution, Global Brightgris
likely to be rather related to a reduction in pttin. There is now much evidence to show that piolu—or
atmospheric turbidity—is one of the main causesruehoth Global Dimming and Global Brightening.
However some scientists consider that cloud covghimalso have played a significant role (a more
important role than aerosols?) In fact the cao$gfobal brightening may be more complex thariaiit
thought. Global Dimming and Brightening periods banclearly identified from graphs showing annual
variations of global irradiance at Carpentras arappes in France over recent decades.

Obtaining budget measurements in the Arctic (tech @rspective)(Robert Albee, Dave Longenecker, Jim
Wendell, Taneil Uttal)

Faced with many challenges, but driven by the sifiedesire for radiation measurements above traié
Circle, new arctic stations are being establisi&é. Barrow Alaska station has demonstrated thettiel
and useful information is obtainable from sucheegi Other stations that show signs of strong piaiesmd
success are Alert, Canada, Eureka, Canada, Su@ra#énland, and Tiksi, Russia. Radiation data isgoei
acquired from these locations in an effort to nB&RN standards for placement into the world archive

Alert Canada is a Canadian military outpost at 82W/ established 1950 on the northern part of Elgem
Island. On August 15th, 2004 a suite of instrumerdse deployed by NOAA in cooperation with
Environment Canada at the 1986 established GAWbst@tkm from the military base. These instruments
include a K&Z 2AP tracker, two Middleton SP02 suofiimeters, two Eppley NIP pyroheliometers, one
shaded Eppley pyranometer, one shaded Eppley pyigteo, one shaded K&Z pyranometer, one K&Z
global pyranometer, one K&Z upwelling pyranometere Eppley upwelling pyrgeometer, and one Yankee
total sky imager.

Eureka Canada is a Canadian weather station aBBWNestablished 1947 middle of Ellesmere Island.
During August 2007 both NOAA and Environment Canddployed many instruments. These include an
EC deployed 2AP tracker with an Eppley NIP pyrabreleter, a global pyranometer, a diffuse pyranometer
and a shaded pyrgeometer. In addition, NOAA degl@y&&Z downwelling pyranometer, an Eppley
downweling pyrgeometer, a K&Z upwelling pyranometard an Eppley upwelling pyrgeometer.

Summit Greenland was established in 1989 by theh&tScience Foundation and is located at 72N 38W
and 3216 meters above sea level. In 2000 ETHZ gegla tracker with a pyrheliometer, global
pyranometer, diffuse pyranometer, and downwellijpgeometer. In addition upwelling pyranometer and
pyrgeometer measurements are also being collected.
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The Barrow Alaska NOAA baseline facility, which8%km northeast of Barrow at 71N 156W, was
established in 1973 and has collected radiatiorsoreanents since 1977. This station has a K&Z tracke
two Eppley NIP pyrheliometers, two Middleton SP@Rphtometers, one Eppley global pyranometer, one
up facing RG8 red dome pyranometer, one shadedggdiB B&W pyranometer, one shaded Eppley
pyranometer, and one shaded Eppley pyrgeometaddition, it has a down facing Eppley pyrgeometat a
down-facing Eppley pyranometer on an albedo rack.

Tiksi, Russia is a town at the Lena delta in Stbati71N 128E. The Tiksi weather station, whicalisut 7
km from Tiksi has been in operation since 1932.ilUatently, radiation data was collected via a @bsail-
Stokes recorder. Momentarily there is a Roshydro®ddR| deployed global pyranometer collecting
information. Two new buildings were constructe@@07. As of April 13th 2010, a large suite of
instruments have been delivered with intentiondigployment in June 2010. These include a K&Z 2AP
tracker, one Eppley pyroheliometer, two Eppley pwraeters, one Eppley 848 B&W pyranometer, three
Eppley pyrgeometers, and one K&Z CM22 pyranometer.

There are also many instruments at all of the als@es collecting supporting measurements. Infoionas
continually accessible at the IASOA web shittp://iasoa.org/iasoaand the NOAA web site,
http://cmdl1.cmdl.noaa.gov:8000/~star/daily/actig&a.html

NREL Pyrheliometer Comparisons(Tom Stoffel and Ibrahim Reds, National Renewdhiergy
Laboratory)

Accurate and continuous long-term measurementg@ftenormal solar irradiance from pyrheliometers a
important for improving our understanding of thetBs energy budget, the development of renewable
energy conversion systems, and for other applieatiovolving solar radiation flux. Maintaining acate
radiometer calibrations traceable to an internafistandard is the first step in producing resegrclity
solar irradiance measurements. In 1977 the Worltbbdtelogical Organization (WMO) established the
World Radiometric Reference (WRR) as the intermatictandard for the measurement of direct normal
solar irradiance. The WRR is a detector-based meamnt standard determined by the collective
performance of seven electrically self-calibratatgolute cavity radiometers comprising the Workh8ard
Group (WSG) developed and maintained at the Phliysika Meteorologisches Observatorium Davos -
World Radiation Center (PMOD/WRC). Every 5 yeahe PMOD/WRC hosts an International
Pyrheliometer Comparison (IPC) for transferring WBR to participating radiometers. NREL has
participated in each IPC since 1980. As a resiREN has developed and maintained a select group of
absolute cavity radiometers with direct calibraticceability to the WRR. These instruments ara thsed

by NREL to transfer WRR calibration to other rad&tnrs participating in the annual NREL Pyrheliomete
Comparisons (NPCs) at the Solar Radiation Resdaaobratory (SRRL) in Golden, Colorado. This poster
discribed the NPC methodology and provided sarmgdelts based on our experiences since the firstinPC
1994. The NPC results demonstrate absolute cadipmeters are very stable with individual uncetias
ranging from 0.15% to 0.25%. The next NPC is scheztlifor 26 September through 7 October 2011.

Status-Report of BSRN Station Lindenberg, GermanyKlaus Behrens, DWD, Germany)

Since June 2003, measurements have been carried the roof of the radiation laboratory £ 52,21° N,

A= 14,12° E, h =121 m) of the Lindenberg Obseryatbhe measurements of all quantities (global udif,
direct, and atmospheric downward radiation) ardidated to ensure data quality. Two CM22 and CM21
are used for measuring global and diffuse radiatiespectively. Furthermore, atmospheric downward
radiation is recorded using shaded PIR and CG4epyngters. Two CH1 and an AHF are measuring direct
radiation. The shaded pyranometers and pyrgeometerell as the pyrheliometers are mounted on two
2AP Kipp and Zonen trackers. All pyranometers ayrdi@ometers are ventilated by a heated air stresam a
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from the start of the measurements in October 19Bd.data are recorded by COMBILOG data logger of
Friederichs, Hamburg.

In the last weeks additional to the basic measunés{&€R0100) the data of LR1000, LR1100, LR1200 and
LR1300 (synoptic data, radiosonde data with oneezwofile in every week, daily totals of ozoneuwnoh

and cloud base height) were transmitted into thbkiae at AWI in Bremerhaven. In the next weeks,
beginning with June 2003, the data transmissiaallafata will be continued.

The data of two shaded and two unshaded PIR and e&dectively, were compared with the reference
group of pyrgeometers of DWD calibrated by PMOD/WB&ween 2004 and 2009. The data of day and
night time as well as at clear and cloudy are indgagreement. Detailed investigation will be comgic.
Furthermore, measured long-wave downward radiatiatear sky (17000 cases between 2000 and 2009),
determined by the APCADA algorithm (Durr, 2004) veasnpared with data generated by the STREAMER
model. Profiles of temperature and humidity froiiaroWaveProfiler as well as measured daily total
ozone column were used as input data. The medidregatio MOD/MEA is 1.0059 and the values for the
first and third Quartile are 0.9978 and 1.0137peesively.

Status of the Regina BSRN StatioiDavid Halliwell, Ormanda Niebergall, James Morlégb Abboud
and Bruce McArthur, Experimental Studies Sectiotmé@spheric Science and Technology Directorate,
Environment Canada)

Environment Canada continues to operate its BSRtibatat Bratt's Lake, Saskatchewan, and the site h
seen significant growth in the past 2 years. Caostin of a building for calibration of AEROCAN/
AERONET instruments was completed in March 201d, the laboratory should be operational later this
year. The building will also house a new LIDAR. &nbouse gas measurements (CO2, CH4) were added in
the fall of 2009. The site continues to participatseveral national and international instrumeaoiat

networks, dealing with radiation, air quality, aspberic gases, and precipitation. Spectral radiatio
measurements of direct, global, and diffuse raaliabiegan in late 2007, and are now running contigkyo

Tartu-Toravere, Estonia (Ain Kallis, Estonian Meteorological and Hydrologldnstitute)

The Tartu-Toravere Station, which was establishelP50 and became a BSRN station in 1999, is ogubrat
by the Estonian Meteorological and Hydrologicakibuge. Station data are provided to the BSRN aecloin
a monthly basis and a total of 135 files havingibagbmitted since 1999.

The station enables the comparison of instrumesgigyded in the former Soviet Union with those nragti
BSRN specifications. Currently, the instrumentatdi artu-Toravere includes a PMO-6 cavity
pyrheliometer as a reference instrument, an Edgl®yand AT-50 (direct), CM-21 (global, diffuse and
reflected shortwave radiation), LI-COR sensorsdioect and global PAR, Kipp & Zonen instruments for
registration of UV-A and -B, Scintec UV-SET and YBYB-1 for UV-index estimations, Eppley PIR
(upward and downward longwave irradiation), CIMEE-B18-1 (AOD in cooperation with NASA and
Tartu Observatory). All the sun trackers are desiigat Toravere Station and Tartu Observatory.

Status of the Payerne, Switzerland BSRN Stafiovuilleumier, Federal Department of Home Affairs
FDHA, Federal Office of Meteorology and ClimatologyMeteoSwiss)

The Payerne Station has measured the BSRN basi€ gatameters since November 1992. In addition,
other parameters including longwave and shortwaaeliance at 10 and 30m a.g.l., spectral direatiiemce
and UV erythemal irradiance are measured. Many areagents are made with redundant instruments, and
there are many opportunities for quality controC@hecks. However, the multiplicity of parameters
measured and possible QC checks make such chqukiogdure cumbersome. A new flexible automated
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QC assessment algorithm taking into account thdtgesf the different QC checks has been develamed
implemented at Payerne. It is performed daily asddsults are available using a web interface on
MeteoSwiss intranet.

Since 2004, all the UV erythemal broadband radiensefbiometers) in operation at MeteoSwiss (inclgdi
at Payerne) have undergone yearly calibration chbglcomparison to a well-calibrated reference. The
estimated uncertainty for such a method is a littlexcess of 5% for the calibration of the refeeand on
the order of 4% for inter-instrument reproducililiThis uncertainty is compatible with the observed
difference between redundant measurements of Uhagjerythemal irradiance with several biometere Th
total uncertainty of UV measurements is estimateabaut 10%.

Errors and inhomogeneities in the old data subthtte VRMC in the long-wave, diffuse SW and UV have
been identified and are being analyzed. Howeverection of old unhomogenized values in the WRMC
database is still pending.



