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Abstract

The data flow involved in a long-term continuous solar spectral UV irradiance monitoring
program is investigated and structured to provide an overall view on the multi-phase process
from data acquisition to the final products. The program employing Brewer
spectrophotometers as measuring instruments is maintained by the Finnish Meteorological
Institute (FMI) ever since the 1990’s at two sites in Finland, Sodankyld (67°N) and Jokioinen
(61°N). It is built upon rigorous operation routines, processing procedures, and tools for
quality control (QC) and quality analysis (QA) under continuous development and evaluation.
Three distinct levels of data emerge, each after certain phase in the data flow: Level 0
denoting raw data, Level 1 meaning calibrated data processed near-real-time, and Level 2
comprising of post-processed data corrected for all distinguishable errors and known

inaccuracies. The final products disseminated to the users are demonstrated to result from a
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process with a multitude of separate steps, each required in the production of high quality data

on solar UV data radiation at the Earth’s surface.

1 Introduction

The Brewer spectrophotometer (Brewer) was initially designed to measure total column
ozone with the differential absorption method (Bais et al. 1996; Brewer, 1973) using the
direct sun port. In addition, a global (diffuser) port was introduced for measurements of
spectral UV. The direct sun data have also been used to calculate SO, (Cappellani and Bielli,
1995), aerosol optical depth (Grobner et al. 2001; Kazadzis et al. 2005; Marenco et al. 2002)
and NO; (e.g. Cede et al. 2006; Diémoz et al. 2014 ). At present, there are over 220
instruments set up by research institutes all over the world (http://Kippzonen-brewer.com/).
These instruments form an important network for monitoring changes in the atmospheric total

ozone column and solar UV irradiance at the Earth’s surface.

The first Brewer spectrophotometers in Finland were set up in 1990 and 1995, in Sodankyla
and Jokioinen, respectively, to respond to the need to monitor total ozone and UV radiation
after the discovery of the Arctic ozone loss. These time series of solar spectral UV irradiance
of over twenty years are unique and among the longest measured in the Arctic. The
homogenized time series have been used for several studies related to Arctic ozone loss (e.g.,
Bernhard et al. 2013; Manney et al. 2011; Knudsen et al. 1998), and validation of satellite
data (Hassinen et al. 2008). They have also been used in, e.g., studies on the effects of UV
radiation on biological objects (e.g., Lappalainen et al. 2010; Martz et al. 2009), materials
(Heikkilad 2014) and human health (Kazantzidis et al. 2009).

The Brewer spectrophotometer is a versatile but also a complex instrument in comparison to,
for instance, broadband UV meters. Many intermediate steps and corrections are needed in the
processing of the data. The high dynamical range of five to six orders of magnitude of UV
irradiance reaching the surface of the Earth puts great demands to the instruments designed to
monitor both the short UV-B wavelengths (290-315 nm) and the longer UV-A wavelengths
(315-400 nm). The challenge is to maintain the sensitivity of the instrument at all
wavelengths. The location of Finland at high latitude, where high solar zenith angles (SZA)

are frequent, brings additional challenges, as the weak signal at UV-B wavelengths is near the
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noise level of the instrument. High quality data can only be ensured after careful
characterization of the instrument, correction of known measurement errors and careful
quality control (QC) and quality assurance (QA). (Seckmeyer et al. 2001; Garane et al. 2006;
Lakkala et al. 2008; Webb et al. 2003).

Maintaining a Brewer spectrophotometer absolutely calibrated is a demanding task (Bernhard
and Seckmeyer 1999, Webb et al. 1998). International campaigns are regularly organized to
evaluate the calibration and measurement procedures performed by different Brewers and
institutes. The difficulty of the absolute calibration was already seen in the intercomparison
campaigns of the 1990's (Josefsson et al. 1994, Koskela et al. 1997) and in the twenty-first
century (e.g., Bais et al. 2001), in which the range of the deviations from the reference for UV
spectra was up to +20%. Despite the efforts to homogenize the measurements, in the last
European Brewer comparison organized by the COST 1207 project in EI Arenosillo, Spain,
six Brewers out of 18 differed by more than 10% from the reference, when using the
calibration provided by the operator
(http://www.pmodwre.ch/wee_uviwee_uv.php?topic=qasume_audit). The differences are most likely due
to slightly different corrections (for, e.g, temperature dependence and angular response) and
processing procedures. Small variations in a number of corrections and procedures may result

in large differences in the outcome.

For the comparability of the Brewer data from around the world, it is necessary to carefully
document the traceability of the calibration and the processing chain of the data. Rigorous
documentation should be a part of the routine QC/QA procedures at each site. This allows
anyone to audit all the steps taken prior to the delivery of the data, and allows making changes

in post-processing with no need to start everything from the beginning.

This study examines and demonstrates the steps that are involved in processing different
levels of solar spectral UV irradiance data produced by the Brewer spectrophotometers in
possession of the Finnish Meteorological Institute. Due to economical reasons, the Brewer
measurements at Jokioinen were terminated in November 2015. Since then, the Brewer #107
has been relocated and operated in Helsinki. Thus, this study also serves as a historical
description of the Jokioinen measurements, and as a platform for the development of the

procedures to be followed in Helsinki and Sodankyld in the future. A detailed description is
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given on the process flow from the Level 0 data (raw counts) to the Level 2 data (quality
assured spectral UV irradiances and UV products). In a companion paper (Makeld et al. 2016)
we describe in detail how the final time series of the responsivity of a Brewer
spectrophotometer is derived. In another companion paper (Heikkild et al. 2016) we describe
how the quality indicators provided by the European UV database (EUVDB) may be used for

quality assurance of Level 2 data.

2 Description of the stations

The Finnish Meteorological Institute (FMI) has been operating Brewer spectrophotometers at
two sites: Sodankyld and Jokioinen. In the following sections, brief descriptions on the

characteristics of the sites and their Brewer spectrophotometers are given.

2.1 The Sodankylé station (Brewer #037 and #214)

The Arctic Research Centre of the FMI is located at 67.37°N, 27.63°E, at 179 m of altitude
above sea level, in Sodankylad. It has maintained Brewer Mark Il single monochromator
spectrophotometer since 1990. The nearby surroundings comprises of pine forests. In the
southwest flows the river Kitinen. The area is surrounded by a large peatland area in the east.
The terrain is snow covered typically from October to late April. The sun is just below the
horizon from mid-December to mid-January. Temperatures range from -40 °C in winter to

+30 °C in summer. The station is described in more detail in, e.g., Lakkala et al 2003.

Two Brewers are currently operated at this site: #037 and #214. They are located on the roof
of the sounding station (see Fig. 1). Brewer #037 has a single monochromator and a
wavelength range of 290-325 nm. The FWHM of the slit function is 0.56 nm. The other
Brewer, #214, has been set up in 2012, to work in tandem with Brewer #037 and to cover the
longer wavelengths of the UV radiation. The wavelength range of Brewer #214 is 286.5-365
nm. The FWHM of the slit function of Brewer #214 is 0.55 nm.

2.2 The Jokioinen station (Brewer #107)

The meteorological observatory in Jokioinen is located at 60.82°N, 23.50°E, at 107 m of
altitude above sea level, in a rural area surrounded by fields and mainly coniferous forests.
The ground is covered by snow most of the time during December-March. Temperatures can
range from -20 °C to +30 °C.
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FMI acquired and set up Brewer #107 in Jokioinen in 1995. Since November 2015, it has
been relocated in Helsinki. At Jokioinen, Brewer #107 was located on the roof of the
sounding station (see Fig. 2). Brewer #107 is of type Mark 111 with a double monochromator.
The original wavelength range of the instrument was 286.5-363 nm. In April 1997, changes in
the optics were made. Since then, the wavelength range has been 286.5-365 nm. The FWHM
of the slit function is 0.59 nm.

3 Data flow

A schematic presentation on the data flow from the raw measurements performed by the FMI
Brewer spectrophotometers to the final UV products is given in Fig. 3. Three levels of data
are produced in the process. Level 0 data results from data acquisition, Level 1 data from the
near real time (NRT) processing of Level 0 data and the following quality control (QC), and

Level 2 data from post-processing of Level 0 data and the following quality assurance (QA).

To demonstrate the different phases in the data flow and the way the data is transformed as
they go through the whole chain from the raw counts to final products, we use one selected
case spectrum measured by Brewer #107 in Jokioinen on the 20" of May 2007. Information

related to the case scan is given in Table 1.

3.1 UV data acquisition — Level 0 data

The measurements performed by Brewer spectrophotometers are controlled through their own
operating computers. In UV irradiance measurements, the quartz dome viewport is used to
collect the photons from the hemisphere above. The wavelength range from the shortest
wavelength to the upper limit of the range is scanned in ascending direction with 0.5 nm
increments. The monochromator is used to select the photons on one narrow wavelength band
at a time and passed on to the photomultiplier tube (PMT) acting as a detector. The PMT
makes observations in cycles: four cycles at each wavelength below 300 nm and two cycles at

wavelengths above 300 nm. The raw counts are stored into files onto the operating computer
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in units counts/cycle. These data are the Level 0 data produced by the Brewer

spectrophotometer. An example on the Level 0 data raw counts is shown in Fig. 4.

The operating computers of the Brewers work autonomously, making measurements based on
schedules predefined by the operator. Over the years, a variety of schedules has been used,
and the schedules for the two sites have supported slightly different research targets at
different times. For example, at Jokioinen, more frequent measurements have been made near
sunrise and sunset, and at constant air masses, as well as at time of the smallest solar zenith
angle (SZA). At Sodankylda, measurements have generally been spread out more evenly
throughout the day. At both sites, there has been a measurement at least every half hour
during daylight and a measurement at midday. The number of daily UV scans at Jokioinen,

for example, range from about 8 in winter to more than 30 in summer.

Other data acquired at the measurement sites and relevant to the UV data processing include
visibility and total ozone column. Automatic weather stations (AWS) produces data on
visibility every ten minutes. Total ozone column measurements are performed by the Brewer
spectrophotometers themselves. The data acquired on visibility and total ozone column are
used in the cosine correction procedure applied to the measured UV irradiance spectra
(Lakkala et al. 2008). As auxiliary measurements, a broadband UVB radiometer (Solar Light
SL501A) and a pyranometer (Kipp & Zonen CM11) measuring global radiation (305-2800
nm), are synchronized to the Brewer measurements. These measurements are used in offline
quality assurance (QA) procedures to identify erroneous measurements, and to obtain
information on changes in the cloud cover (Lakkala et al. 2008).

The Level 0 data on solar spectral UV irradiance are transferred from the Brewer’s operating
computer to a central UNIX server. The raw data are further transferred to another server for
the quality control (QC) monitoring the proper functioning of the instrument. The system
taking care of the OC is called IDEAS (Integrated Data Evaluation & Analysis System) and is
briefly described in the following section. In addition, the raw data are uploaded every 20
minutes to the  European  Brewer  Network  Database @ (EUBREWNET,
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http:/rbcce.aemet.es/eubrewnet). The EUBREWNET is established within the COST 1207 project
of the European Union, as a joint effort of the international Brewer community.

3.2 IDEAS - a quality control tool

In 2015, new software was introduced to facilitate both immediate and long-term quality
control of data, and to improve the potential of the Brewers to work as real-time operational
devices. IDEAS (Integrated Data Evaluation & Analysis System, supplied by Full Spectrum
Science Inc.) is a tool using the Level O data directly for checking that the Brewer is
functioning correctly. The Brewer itself makes several check measurements during the day.

The measured parameters are used to monitor the stability of the instrument.

Every measurement of the Brewer and every process of the operating software is recorded in
appropriate data files. These are stored as so-called B-files, and updated to the server in which
IDEAS is running. IDEAS is integrated with the real-time 7/24 operational control system of
FMI. Automatic warnings of malfunctions of the Brewer are generated within 5-10 minutes
and sent to the 24/7 control center. If the personnel there are unable to solve the problems,

stand-by Brewer specialists can be alerted by text messages when needed.

The IDEAS software analyzes all records collected by the Brewer spectrophotometer
operational program (see Savastiouk 2011 for a description of an earlier version of the
software). These records include observations, tests and user comments. For each record
type that is known to the system, the results are compared to nominal or reference values,
prioritized and reported to the main FMI observation database system with flags indicating
the state of the instrument. For record types that are not yet known to the system a report is
created so new record types can be added to the system analysis. All data is stored in a

database for easy access at any time.

The full list of currently analyzed records contains over a hundred items. Some of the most
relevant critical tests include the wavelength calibration internal mercury lamp test (HG), the
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linearity, or dead time, test (DT) and the spectral sensitivity stability test on the internal
halogen lamp (SL). Failures in any of these tests suggest that other data collected at the same
time are questionable and need attention from the operator and/or a scientist. In such cases,
an immediate alert is sent to the people responsible for the instrument to address these

failures.

Both real-time and historical reporting tool is also part of IDEAS. The tool generates a
collection of prioritized tables and plots that include test results as well as ozone data

comparison with satellites as an informational aid for the user to evaluate the data quality.

3.3 UV data processing

For the processing of solar spectral UV irradiance data produced by the Brewer
spectrophotometers, two separate lines have been established. The first is used for online
near-real-time (NRT) processing, using the Level O data and auxiliary data as inputs to
produce Level 1 data. The second is employed in offline post-processing, using the same data
as inputs but employing a re-evaluated time series of responsivity of the instrument,
correction for potential shifts in the wavelength scale, and final QA procedures. In both
processing schemes, knowledge on the responsivity of the instrument is needed for the

production of calibrated irradiance data.

3.3.1 Calibration with Level 1 and Level 2 responsivities

In order to convert the measured photon counts into irradiances, the response of the
instrument must be known. The response is determined using 1 kKW lamp measurements
performed in an optical laboratory. The optical laboratory facilities at Sodankylé are described
in Lakkala et al. 2016. The optical laboratory facilities at Jokioinen are similar to those at

Sodankylé.
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The calibration lamps are tungsten-filament incandescent halogen lamps of type DXW
operated in vertical beam direction. A primary standard is used to transfer the irradiance scale
from the National Standard Laboratory MIKES-Aalto. Using the measurements of the
Brewer, the scale is transferred to working standards used for the calibration of the Brewer
every six weeks. Usually at least three lamps are measured during one calibration event,
which enables the detection of potential drifts in the lamps (Webb et al. 1998, Lakkala et al.
2008). The obtained responsivity is used in the online (NRT) processing and production of
Level 1 data until the next calibration. Garane et al. 2006 have calculated that the typical

uncertainty of the UV irradiances due to the absolute calibration uncertainty is 1.4%.

The determination of the Level 2 responsivity with daily values is briefly described in
Lakkala et al. (2008) and is covered in more detail in the companion paper (Mékela et al.
2016). In brief, calibration lamp measurements are analysed back in time on a longer time
span and measurements of all lamps are incorporated in cross-checking and comparison, to
separate the long-term drifts of the lamps from transient exceptions in their output, and to
confirm the selection of the core “trusted” lamps that serve as the basis for the final Level 2
calibration. This analysis results in a response time series with daily responsivities over the
time period investigated. The time series is formed by linear interpolation between the

moments of lamp measurements and smoothed by using a moving average.

Examples on the responsivities are shown in Fig. 4. The Level 1 and Level 2 responsivities
plotted in the figure have been applied in the online (NRT) and offline post-processing of the
raw counts recorded by Brewer #107 on 20 May 2007 (the case scan described in Table 1).
The interpolated and smoothed time series of Level 2 responses at 305 nm for Brewer #037 is
shown in Fig. 5a to demonstrate the temporal development of the response of the instrument.
In Fig. 5b, the stepwise time series of Level 1 and the interpolated and smoothed time series
of Level 2 responsivities at 305 nm for Brewer #107 are also shown partly overlapping to

illustrate the difference between the responsivities used in Level 1 and Level 2 processing.

Between the 1 kW lamp calibrations performed in the laboratory, the stability of the Brewer is
monitored on-site every three weeks using external 50 W lamp measurements. In those
measurements, at least three lamps are used as well. If a change in the spectral response of the

Brewer is detected, the Brewer is moved to the laboratory for absolute calibration.
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3.3.2 Processing algorithms

Both the online and offline data processing are done using custom-made software written in
Perl (Practical Extraction and Report Language) and supported by shell scripts. The original
software provided by the instrument manufacturer and the algorithms therein has served as a
basis for the software development. The algorithms have been described in detail by Lakkala
et al. (2008). Only the key points are therefore summarized in the following.

The Brewers perform the scans by starting from the shortest and ending at the longest
wavelength of the wavelength range of the instrument. The Brewer software also returns the
dark current, F1, for each scan. The total scanning time is about 4 minutes for Brewer #037
and 5 minutes for Brewers #107 and #214 due to the larger wavelength range. The
occasionally occurring noise spikes are first removed based on the method of Meinander et al.
(2003). Following SCI-TEC Instruments Inc. (1999), the raw counts F (in units counts/cycle)
recorded by the Brewer are next converted to count rates C (counts/second) by subtracting the
dark counts F1 and taking into account the integration time IT and the number of cycles CY
of the slit exposure. The integration time is pre-defined as 0.1147 s. For each wavelength i,

where i=290-325(365)nm, the dark current corrected count rate is calculated as

_ 2(F;=F1)

Ci CY+IT (1)

The dead time DT of the photomultiplier is measured daily, and taken into account using
Poisson statistics. Nine iteration rounds (n=0-8) are next used to correct the count rate for the

dead time:

Ci(n) = C;(0) * G PT ()

The stray light is calculated as the average of all counts below 292 nm (#107 and #214) or
293 nm (#037). The count rate corrected for stray light is simply

10
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C; = G — 5 Xi<2923) Ci 3)

where N is the number of wavelengths below the stray light limit. Since #107 and #214 have a
double monochromator, the stray light counts are small. The Sodankylad Brewer #037 has a

single monochromator, and the stray light counts are larger (Bais et al. 1996).

The count rates are then converted to irradiances by dividing the count rate C; with the

spectral response R; of the instrument:

_ G

I =
L Ri

(4)

Temperature and cosine corrections are then made to the spectral irradiances. A linear

depencence for temperature is assumed:

where CT; is the temperature correction coefficient and AT is the temperature difference

between the measurement temperature and the reference temperature.

The cosine correction is based on radiative transfer calculations (Lakkala et al. 2008). As both
the direct and the diffuse component of the global radiation affect the cosine correction factor,
we need to estimate the ratio of the direct and diffuse components of the actual global
radiation. This is done using the freely available libRadtran package (Mayer and Kylling
2005). The only unknown input parameter to the model is the cloud optical depth, which is
estimated using a predefined lookup table. The inputs to the lookup table include the total
ozone (measured with the Brewer), the irradiance given by the Brewer, the solar zenith angle,
the visibility (given by the AWS), and the albedo. Currently, a fixed albedo value of 0.03 is

used for both stations, corresponding to the average summer albedo.

3.3.3 Online processing - Level 1 data

The components of the online NRT processing scheme are described in Fig. 6. Processing of

all the data from both stations is done at a single central Unix server. The raw (Level 0) data

11
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is transferred from the Brewer operational computer to the central server every five minutes.
From the central computer the data is further transferred to the IDEAS server, where the QC
of the data is done. Every five to ten minutes status messages are sent to the observation
control server, from which the critical status messages are transferred to the 24/7 control of
FMI. Level 0 data is also transferred to the European Brewer database, EUBREWNET every
20 minutes. As soon as a new UV measurement has been detected by the central server, the
data processing of Level 1 data starts and visibility is downloaded from the climate database
of FMI, and used for the cosine correction of the data. The Level 1 data is then used to
calculate products which are transferred to a server with a web interface and the climate data
base of FMI. The reference data from the broadband SL501A radiometer and the global
radiation pyranometer CM11 are downloaded each time a spectral measurement is made. An

example on the Level 1 irradiance spectrum is given in Fig. 7.

The Level 1 data is spectral UV irradiance processed in near real time. Several corrections are
routinely made in the Level 1 processing, and several data products are derived. In addition to
the near-real-time measurements, every morning the data from the previous day is
reprocessed. This is mainly done to avoid data gaps in Level 1 data. Such gaps might for
example occur if there has been a malfunction of the central server, in which case the Level 1
spectra have not been calculated even though the Level O data from the Brewer are still

available.

3.3.4 Offline processing - Level 2 data

Level 1 spectral irradiance data is produced using the Level 1 responsivity updated regularly
on the basis of the calibration lamp measurements. To produce Level 2 data, calibration lamp
measurements are analysed back in time to produce response time series as described in
Section 3.3.1. By this procedure, the potential drifts in the calibration lamps, possibly
affecting the Level 1 responsivity, are eliminated. This correction can be calculated once a
year, when the primary calibration lamps are recalibrated. The Level 2 data is fully
homogenized and quality assured. The SHICRIVM algorithm (Slaper et al 1995) is used to
correct for wavelength shifts. As a quality control tool, the dose rates are compared with

12
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reconstructed UV, model calculations of clear sky UV and global radiation, global radiation
and broad band UV data in order to distinguish erroneous measurements (Lakkala et al.
2008). In addition each spectrum is checked by eye and bad measurements are excluded. An

example on the Level 2 irradiance spectrum is given in Fig. 7.

Once a year the Level 2 data is uploaded to the database EUVDB (nhttp://uv.fmi.fi/uvdb/). Figure
8 shows the number of UV spectra submitted to the EUVDB measured by the Brewer #037
(Fig. 8a) and Brewer #107 (Fig. 8b) during 1990-2014 and 1995-2014, respectively. The
submission of Brewer #037 spectra for 2011 will be upgraded in near future, as there exists
more than 5700 spectra for that year, but only some of them have been submitted to the
database at the time of writing the manuscript. The data from Sodankyla is also uploaded to
the database of the FMI-Arctic Research Centre (http:/litdo.fmi.fi/).

3.3.5 Products

Several products are derived from the Level 1 and Level 2 spectral data. These include dose
rates (in W m®) and daily doses (in J m™?) as unweighted and weighted by selected action
spectra (Table 2 and Fig. 9). Let us denote an arbitrary action spectrum by s(4). The dose rate
D is calculated from the irradiance spectrum, multiplied by the action spectrum, by numerical

integration over the appropriate wavelength range (UV, UVA or UVB):

D= f;ﬂxs(” E(L)dA. (6)

For the unweighted quantities, s(1) is equal to unity. The daily dose is further derived from

the dose rate by numerical integration over the day:

D = [ P dt. )

tmin
The derivation of the products is illustrated in Fig. 10. The action spectra currently in routine

use are listed in Table 2. UV index is additionally derived by multiplying the CIE erythemally
weighted UV dose rate by 40 (WMO 1997).

For the calculation of the dose rates requiring integration beyond the upper wavelength limit
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of the Brewer, the measured spectra are extended using a pre-defined reference UVA
spectrum (Fig. 10). The extension is adjusted onto the level of the measured spectrum by
linear conversion. The ratio of the measured irradiance to the reference irradiance at selected
wavelength is used as a scaling factor. For Brewer #037, the wavelength of 324 nm, and for
Brewer #107 and #214, the wavelength of 361 nm is used as a point of adjustment. All action
spectra in routine processing (Fig. 9) approach zero towards the longer UVA wavelengths.
This means that the uncertainty caused by the artificial UVA extension to the computed dose
rate is of the order of 10. For the unweighted UV and UVA dose rates, our investigation
based on a radiative transfer model simulation suggest uncertainties as high as approx. 2 %
caused by the constant scaled UVA extension. This finding is in line with the result obtained
by Fioletov et al. 2004.

All products are stored in the central server, and graphs and statistical tables are updated each
time a new measurement is processed. The data are transferred to a server which has a web
interface for internal use at FMI. This information is used at FMI for operational and research

purposes. In addition, the Level 1 UV index is transferred NRT to the FMI climate database.

4  Conclusions

Production of high quality data on solar spectral UV at the Earth’s surface requires a complex
set of operation routines, processing algorithms, and QC/QA procedures. We have described
and demonstrated the methods used in the acquisition and processing of solar spectral UV
irradiance data measured by Brewer spectrophotometers in Finland. As a result, we have
produced a comprehensive view on the multi-phase data flow from the collection of single
UV photons to calculation of final products of UV irradiance. This is expected to facilitate
identification and isolation of specific targets of development in the procedures used in
different phases of the data flow. The first targets of this kind appear to be the implementation
of solar zenith angle and total column ozone dependent UVA extension to the measured
spectra in the calculation of the different UV dose rates. Another emerging idea has been
development of a comprehensive data and metadata management system to support the data

flow as a whole and to ensure its continuance.
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Due to economical reasons, solar spectral UV measurements at the Jokioinen observatory
were terminated in November 2015, and the Brewer #107 was transferred to and set up for
measurements in Helsinki, the capital city of Finland. The twenty-year time series of solar
spectral UV irradiance obtained in Jokioinen is in the process of being analysed. The methods
and procedures reported in this study are still in continuous use in Helsinki and Sodankyla.
Brewer #037 is still operated in Sodankyl& and continues to collect its over 25-year record of
solar spectral UV measurements. In Helsinki, a new time series has been initiated with
Brewer #107. Thorough understanding on the different phases in the data flow and further
development of the methods is a pre-requisite for the vitality of the monitoring programs also

in the future.
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595  Figure 1. View of Sodankyld observatory. The Brewer is located on the roof in the enclosure

506  on the left.
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Figure 2. View of Jokioinen observatory. The Brewer is located on the roof in the enclosure
on the left.
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Table 1. Information on the case UV scan of Jokioinen Brewer #107 selected for graphical

demonstration on the phases in the data flow.

Date

Time of scan

SZA during the scan
Total ozone column
Visibility

20 May 2007

13:20:07 — 13:25:18 UTC
51.3°-51.4°

325 DU

30 km
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measurements.

Table 2. Action spectra used routinely in the processing to derive weighted dose rates from Brewer UV

Action spectrum

Reference

Erythema (CIE weighting function)

Skin cancer in mice corrected for human
skin, 299 nm normalization ()

UVB non weighted 290-320 nm
UVB non weighted 290-315 nm
UVA non weighted 315-400 nm

Generalized plant response (normalised at
300 nm) (Caldwell et al. 1986)

DNA damage (Setlow 1974)
Photosynthesis inhibition (Mitchell 1990)
Previtamin D

McKinlay et al. 1987

de Gruijl, F.R. and J.C. van der Leun,
1994

Caldwell et al. 1986

Setlow 1974
Mitchell 1990
CIE 2006
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