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24 3. Regional snow distribution and evolution

Fig. 3.1: Map of Switzerland showing the different regions and the stations providing
snow depth data for this study. The regions are NE: lowlands north-east, NW: lowlands
north-west, SW: south-western part (mainly canton Valais), S: southern part (mainly
canton Ticino), and SE: south-eastern part of Switzerland (mainly canton Graubünden).

the Center for Earth Resources Observation and Science (EROS) at the U.S. Geological
Survey. This DEM provides worldwide grid point altitudes with a horizontal resolution
of 30 arc seconds, corresponding to ∼640/940 m east-west/south-north within our study
area. For this analysis the data are interpolated onto a regular 200 x 200 m2 grid, using
cubic interpolation. The resulting topographic data set has been validated at the loca-
tions of meteorological stations in Switzerland (n=141) and average deviations of 3± 40 m
and -57± 141 m (mean± std dev) were found for locations below and above 700 m MSL,
respectively.

3.2.b Method
The goal of the current study is to derive the daily regional snow distribution for Switzer-
land. For this purpose we calculate, for each day t, a binary snow map based on the
assumption that a unique snow line altitude (SL) exists, separating snow free and snow
covered conditions, i.e., if a location (x,y) is below the snow line it is snow free and if it
is above, it is snow covered:

s(x, y, t) = 1 if elev(x, y) ≥ SL(x, y, t)

s(x, y, t) = 0 if elev(x, y) < SL(x, y, t)
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where s(x, y, t) is the binary snow flag and SL(x, y, t) the snow line altitude for a given
location and day. The altitudes elev(x, y) are derived from the topographic data set. It is
then assumed that the snow line altitude SL(x, y, t), for a given day, does not vary much
in space so that it can be approximated by regional values:

SL(x, y, t) ∼= SL(r, t) region: r = 1, . . . , 5

For this purpose, Switzerland was divided into five different geographic regions (Fig-
ure 3.1). This choice was prompted by striking a balance between the need to accurately
describe different climate conditions in Switzerland, while maintaining a sufficiently high
number of observation stations in each region. The chosen regions account for the dif-
ferent climate conditions on the northern and southern parts of the alpine ridge and the
typical west-east orientation of weather patterns in Switzerland. In addition, dividing
Switzerland into five regions ensures a reasonable number of observation stations within
each area, which helps reducing the number of cases where a lack of data hampers obtain-
ing accurate results. For each region and day, the altitude of the snow line is calculated
using a robust linear regression of snow depth measurements (SD) vs. the altitudes of the
observing stations (elev):

SD(x, y) = b+ a · elev(x, y) + ε

yielding the coefficients a and b for each region and day: ar,t and br,t. The robust regression
method uses an iteratively reweighted least squares algorithm, with the weights calculated
by applying the bisquare function. This approach assumes a linear increase of snow depth
with altitude. This is reasonable since the median correlation between snow depth and
altitude over all regions amounts to 0.77 for winter days (November - April). López-
Moreno and Nogués-Bravo (2006) also found such a strong relationship, the elevation
being the variable with the highest correlation coefficient with snow depth in a stepwise
linear regression model. The altitude of the daily snow line for each given region is inferred
using:

SLr,t =
θ − br,t
ar,t

(3.1)

where SLr,t is the altitude of the snow line within the region r at day t. The value
of θ represents a threshold to separate snow from snow-free conditions, which is set to
0.05 m similarly to Hantel et al. (2000) in their study of snow cover climate sensitivity.
The estimated altitudes of the snow line are then related to the Swiss topography and
daily snow maps (constituted of binary pixels) are calculated. Appendix A describes how
specific problems such as data shortage or inverse regression slopes are handled by the
algorithm.
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3.3 Applications and validation

The method presented above can generate time series of snow line altitudes and, in com-
bination with a digital elevation model (DEM), the spatial snow distribution within the
five defined regions of Switzerland. Two examples of applications are presented below,
followed by a validation of the method including both cross-validation and comparison
with satellite data. In the cross-validation, 28 winter seasons of modeled snow data are
compared with observations, while the satellite validation concentrates on case studies
between 2002 and 2005.

Figure 3.2 shows an example of the evolution of the daily snow line since November
1980 in the south-western part (SW) of Switzerland. In this region, the altitude of the
snow line drops in November from its climatological summer value (cf. Appendix A) to
lower altitudes. Usually in the time period between mid to end of March the snow line
starts climbing back to higher altitudes. The results of this method suggest a change
in the springtime snow-retreat pattern in the SW-region in the late 1980s. While during
most days in March between 1981 and 1988 snow was generally present below 800 m MSL,
the number of days in this month where snow has already retreated to higher altitudes
clearly increased after 1989. This change is investigated in more detail using trend analysis
later in Section 3.4. Furthermore, the time series of this region illustrate some interest-
ing examples of snow-events such as sudden drops of the snow line. This happened for
example in mid November 1999 with a heavy onset of the winter-season or in December
1994 when snow was reported down to low altitudes after a cold front (see red boxes in
Figure 3.2). These examples illustrate that our method responds to sudden changes in
weather conditions.

An example of a calculated regional snow distribution for March 15, 2004 is shown on
Figure 3.3 (upper panel). While the regression method leads to complete data sets, the
satellite source used for validation (lower panel) shows regions without valid snow data
due to cloud coverage. For a comparison, the modeled snow data sets are reduced to the
valid satellite data. The general structure of the snow distribution as determined by the
satellite is well reproduced by our model. Furthermore, the use of a DEM allows resolving
the distinctive topographic features of Switzerland such as valleys and mountain ridges
(e.g. Alps, Jura).

As mentioned above we validate our method using a cross-validation procedure within
our data set on one hand, and comparisons of our snow maps with satellite-derived ones
on the other hand. The underlying idea of cross-validation is the repeated separation of
the whole data set into developmental and verification subsets (Wilks, 1995) by removing
in turn each single station from the developmental subset and using it for verification.
Knowing the time periods when the surface is actually snow covered from observations at
a given station, the derived snow-flags at the altitude of the validating station are verified
using the remaining data set. Analyzing categorical results (snow/no snow), contingency
tables are calculated and verification measures such as hit rate (HR), probability of detec-
tion (POD), false alarm rate (FAR), and bias (B) are derived. The HR is the fraction of
correct snow and no snow predictions, while POD is the likelihood that snow for a given
station/altitude is predicted, given that snow is observed for this case. On the other hand,
FAR is the fraction of snow predictions for which there are no corresponding observations.
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Fig. 3.2: Evolution of the snow line in the SW-region (south-western part of Switzerland)
since winter 1980/81. The colors refer to the snow line altitude [m MSL] on a daily base.
The red markers indicate examples with large steps in the snow line altitudes due to
changes in the meteorological conditions (snowfall).

While HR is giving the same weight to both snow event and non-event, skill factors like
POD and FAR are focusing on the presence of snow. Additionally, as proposed by Wilks
(1995), B is the ratio of the number of snow forecasts to the number of snow observations
and is one for unbiased forecasts.
The results of the cross-validation are presented in Table 3.1. Within each region, the
different skill measures (HR, POD, FAR, and B) are computed for each station in turn,
using all the other stations in the region to make a prediction for the station under review.
Table 3.1 gives the medians of the skill factor distributions over all stations in a region.
The hit rates (i.e. the proportions of correct forecasts) are high with values above 0.87.
The probability of detection of snow exceeds 0.90 and is better in the alpine regions (SW,
S, and SE) with medians higher than 0.96. Combining all regions, an overall median POD
of 0.96 and FAR of 0.15 are obtained. The biases in all regions are above one, and indi-
cate that the method tends to more often forecast the presence of snow than it actually
occurred. While the bias in the NE region is close to one, snow is overestimated in the
SE and S region by 8 and 12%, respectively. The median FAR and bias over all regions
increase by 6 and 3%, respectively, when the analysis is restricted only to March and
April. Thus, the overestimation of snow is more pronounced when the cross-validation is
limited on late winter periods where snow is rare at low altitudes.

Figure 3.4 shows the distribution of the PODs and FARs in the different regions as
boxplots. The model performs better in the alpine regions (SW, S, and SE) than in the
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Swiss lowlands (NE and NW), which is discussed later in Section 3.5. The distributions
of the PODs and FARs are broader (interquartile range) in the lowlands than in the
alpine regions. In the SW and SE-region, the POD and FAR are close to one and zero,
respectively, and their distributions are well separated. The highest POD is reached in
the south-eastern region and the lowest FAR in the south-western part of Switzerland.

Fig. 3.3: Snow distribution (15 March 2004) inferred with our robust regression method
(top panel) and from satellite data (bottom). Snow covered areas are shown in light and
snow-free in dark gray. White pixels refer to regions for which satellite snow-cover data
were not available (clouds or over water).
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Table 3.1: Medians of the different skill scores resulting from cross-validation for each of
the five regions (see Figure 3.1). HR: hit rate, POD: probability of detection, FAR: false
alarm rate, B: bias, n: number of stations. On the last row, the median skill factors over
all stations of all regions are shown.

HR POD FAR B n
north-east NE 0.92 0.96 0.18 1.01 39
north-west NW 0.92 0.90 0.16 1.04 24
south-west SW 0.87 0.98 0.08 1.05 14
south S 0.88 0.96 0.14 1.12 25
south-east SE 0.90 0.98 0.08 1.08 23

0.91 0.96 0.15 1.05 125
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Fig. 3.4: Probability of detection of snow (POD, gray) and false alarm rate (FAR, white)
for all regions. The boxplots characterize the distribution of the respective skill measure
resulting from cross-validation. The horizontal lines of the boxes represent the lower, upper
quartile and the median. The notches indicate a robust estimate of uncertainty about the
medians. Not overlapping notches state that the medians differ at the 5% significance
level. The whiskers represent the range of the most extreme data value from the box
within 1.5-times the interquartile range of the sample.

In a second step, the resulting regional snow distributions are compared against satel-
lite data in four case studies between November 2002 and March 2005 (one example is
shown on Figure 3.3). The criteria for the four case studies were on one hand choos-
ing interesting regional snow distributions, including snowfall events and on the other
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hand analyzing different snow situations in the lowlands and the alpine regions. Further-
more, the choice was limited by the requirement of clear-sky conditions over wide areas
of Switzerland for obtaining good satellite coverage. The case studies are distributed
over four years and are therefore independent. As reference satellite information, we use
the operational sub-pixel snow mapping product described by Foppa et al. (2004). This
product is based on observations from the multi-spectral sensor AVHRR (Advanced Very
High Resolution Radiometer) on board the NOAA-17 satellite with a spatial resolution
of 1.1 km at nadir. Foppa et al. (2007a) validated the AVHRR snow retrievals against
high resolution reference data from the Advanced Spaceborne Thermal Emission and Re-
flection Radiometer (ASTER). The two data sets were compared for three different test
sites in the European Alps and an overall correlation of 0.78 and a mean absolute error
of 10.44% fractional snow cover were found. Terrain effects and forested areas reduce the
agreement with the reference ASTER data and influence the accuracy of the AVHRR
subpixel snow retrievals.
For the comparison with our modeled snow distributions, the fractional snow information
are interpolated onto a regularly spaced grid, corresponding to the gtopo30-regridding
(mentioned above). A threshold of 15% fractional snow-coverage is used to translate the
satellite snow data into binary snow flags (Foppa et al., 2004). We use a post-agreement
(PAG) assessment of the performance of our method by comparison to satellite data.
The PAG describes the number of correct forecasts divided by the number of forecasts
in each category and thus is the complement of the FAR; PAG=1-FAR (Wilks, 1995).
In our analysis, this corresponds to the fraction of snow-flags (snow/no snow) assigned
by our method that coincide with satellite snow-flags. For this validation we exclude a
vertical transition zone, centered around the estimated snow line altitude, including 5%
of the topography in the region. Snowflags within this transition zone are not used for
validation because the real snow line is not a strict horizontal separation and therefore
local effects are dominant around the snow line altitude.
Table 3.2 summarizes the results of this validation for the different regions and cases. For
case #1, two overpasses have to be combined due to clouds in order to obtain a more
complete data set over Switzerland. For four case-region combinations, the predicted
snow line is either too low or too high to validate modeled snow-free or snow-covered
areas, respectively. Depending on the region, the fractions of correctly modeled snow-free
areas range on average between 0.91-0.97 (PAG). For forecasted snow-covered surfaces
the agreement with the satellite observation is between 0.69-0.85. The March 2004 (#3)
case study gives the best results with PAGs on the order of or above 0.9, while the least
satisfying performances in snow modeling are found for the March 2005 case (#4). In all
regions and for both forecast categories (snow/no snow) the average PAGs over all cases
exceed 0.69 and the overall average is 0.86.

3.4 Trend analysis

As mentioned in Section 3.2.a, this study is based on a set of stations that has been stable
on the period 1980-2008, and there was no significant change in the measuring technique.
Thus any temporal evolution in the data is likely to be real, and not an artifact of data
density or change in the measuring technique. In addition, the previous section verified
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Table 3.2: Post-agreement between inferred snow-coverage and satellite data (PAGs).
Left side: the ratio of correctly inferred snow-free (flag = 0) to all snow-free modeled
pixels, right side: idem for snow-covered pixels (flag = 1). Last row: the average PAGs for
each region. Case #1: 1/8 November 2002, #2: 24 February 2003, #3: 15 March 2004,
and #4: 21 March 2005.

p(obs=0 | mod=0) p(obs=1 | mod=1)
NE NW SW S SE NE NW SW S SE

#1 0.98 1.00 0.99 0.93 0.98 0.69 0.71 0.64 0.67
#2 0.65 0.90 0.82 1.00 0.89 0.82 0.92 0.71 0.91
#3 1.00 0.97 1.00 0.99 0.81 0.85 0.90 0.90 0.96
#4 1.00 0.99 1.00 0.96 0.58 0.67 0.82 0.47 0.86

0.91 0.97 0.95 0.97 0.97 0.74 0.76 0.82 0.69 0.85

that a binary pixel-wise snow cover information can be satisfactorily deduced from the
data. This snow cover information is therefore well suited to be investigated for possible
trends related to climate change.
The regional snow coverage is calculated by relating the snow covered area to the total
surface of each region (horizontally projected). Statistically significant (p < 0.1) trends
in the mean snow covered area during the winter seasons (November-April) are assessed
with the non-parametric Mann-Kendall test (Mann, 1945; Kendall, 1955) for each region
separately. Mann-Kendall tests are based on the ranking of the data and not their value,
and can therefore be used even when uncertainties are not normally distributed. Mono-
tonic trends are expressed as a percentage change from their initial values based on the
Theil-Sen slope estimation (Theil, 1950; Sen, 1968). Such an estimator is based on the
median of multiple slopes derived from all possible time-ordered observation pairs, and is
specifically designed for the Mann-Kendall test.
The investigation reveals that the NE- and NW-region show a significant decrease (p=0.08
and 0.05, respectively) in snow coverage for the investigated winters between November
1980 and April 2008. They experienced a decline of -10 and -15%, respectively, during
the 28 years of the study period. The three other regions also show a decrease in snow
coverage. However, the trends are weaker (between -1 and -8%) and not significant. The
different behaviour of the northern and southern regions as defined in this study is caused
by the fact that the two northern regions comprise the whole Swiss plateau (i.e. a lot
of low altitude stations), whereas the three southern regions cover the majority of the
Swiss Alps. This explanation is corroborated by the fact that the S-region, which com-
prises the most low altitude stations of all three southern regions (Figure 3.5), shows the
largest negative trend of these three regions. Therefore, the different behaviour of the
northern and southern regions is most likely related to the altitude dependency of the
climate change signal on snow cover, which is stronger at low altitude. This result is con-
firmed by Scherrer et al. (2004), who investigated the snow coverage by calculating the
number of snow days in Switzerland between 1958 and 1999. They found a significantly
decreasing trend since the beginning of the 1980s at altitudes below 1300 m MSL, which
they mainly attributed to increasing temperatures. Moreover, Marty (2008) demonstrated
with a more comprehensive data set (1948–2007) that this decrease is mainly caused by
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Fig. 3.5: Empirical cumulative density functions (ECDF) of the station altitudes for each
region. Upper panel: lowland regions (NE and NW); lower panel: alpine regions (SW, S,
and SE).

a regime change at the end of the 1980s. This signal is also found in our study’s time
series. The Mann-Kendall test in the sequential version (Sneyers, 1992) was applied to the
estimated snow coverage. This method takes into account the possibility of compensating
trends occurring inside the analyzed time period. This is achieved by applying the trend
test to the two partial time-series in which a point running from the beginning to the end
divides the complete time-series. This analysis indicated that the decreasing trend of the
snow coverage in the two northern regions is caused by a step-like change at the end of
the 1980s.
The time series of the annual snow coverage of the regions NW and SE are shown in
Figure 3.6 as an example. Both regions show a high year-to-year variability of the snow
coverage, due to the high sensitivity of snow to temperature and precipitation anomalies.
The main difference of the two regions is the absolute percentage of snow coverage. In
the NW-region between 10 and 55% of the area can be snow covered, where as the SE
region experiences between 75 and 95% in the same time period. The reason is again the
different altitudinal distribution of the two regions. The highest values of the NW-regions
are represented by the known snow-rich winters of 1981, 1999, and 2006 in this part of
the country. On the other hand also the snow-poor winters of 1990 and 2007 stand out
by their low percentage values. In the SE-region the snow coverage of winter 2007 is by
far the lowest, mainly caused by warm temperatures and scarcity of snowfall up to the
highest mountains. The other well-known snow-poor winter 1990 does not show especially
low percentage in this region, because the snow scarcity was mostly limited to the lower
altitudes due to warm temperatures, but almost normal amounts of snowfall. Moreover,
the highest values of the SE-region correctly represent the winters 1982, 1991, 2001, and
2004, which were especially snow rich in this part of the country.
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Fig. 3.6: Time series of the average winter snow coverage (November-April) for the SE-
and NW-region with the corresponding line of the Theil-Sen slope. The change c (and
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3.5 Summary and discussion

The method described here allows deriving the snow line altitude within different regions
of Switzerland as function of time with a daily resolution. The snow line altitude is in-
ferred with a robust linear regression on the relationship between observed snow depth
and altitude. Combined with a digital elevation model, our method allows identifying
areas that are snow covered. The resulting spatial snow information can be used for esti-
mating the effective surface albedo needed for radiative transfer calculations. In contrast
to satellite products, the performance of this method is not influenced by clouds and
instrument related effects.
Time series of calculated snow line altitudes reproduce well the typical seasonal cycle
observed in Switzerland. Even sudden changes in weather conditions such as temperature
or heavy snowfall events can be identified in the inferred snow line. This method was
validated using two independent procedures: cross-validation and comparison of modeled
snow distribution with satellite snow masks.
Cross-validation for winter seasons (1980-2008) showed the median of the proportion of
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correct forecasts (hit rate) to be on the order of or above 0.9. The probability of detection
is high in alpine regions (0.96-0.98) and slightly lower in the lowlands (0.90-0.96). The
median false alarm rates (FAR) amounts to 0.15. In the alpine south-eastern and south-
ern part of Switzerland (SE and S) an overestimation of the presence of snow of 8 and
12% was found. The reason for these increased biases are mainly the validation results of
some low-altitude stations that do not measure snow during periods when the regression
model predicts snow at these altitudes. In general, skill factors and especially the FARs
are less good for the lowest stations in the regions. Two factors can explain these lower
performances: first, the measured snow quantities are generally small at low altitudes and
frequently close to the detection threshold resulting in larger uncertainties. Second, since
the snow amounts are low, local effects are more influential for explaining the absence
or presence of snow at a given altitude, which lowers the performance of the robust re-
gression. In the SW region a long narrow valley is the predominant topographic feature
surrounded by high mountainous areas. However, only one station (Sion, 480 m MSL)
represents the conditions found on lower altitudes. The influence of this station on the
regression is limited when snow free conditions are present at low altitudes and there-
fore shows the weakest cross-validation results in this region. Similarly, an influence of
an irregular altitude distribution of the stations within the S-region on the validation is
found. In this region, there is a gap with no observations between ∼380 and 980 m MSL
(Figure 3.5), and the few stations below 380 m show worse validation results than the
upper stations. In addition, the S-region is the most inhomogeneous region seen from
a climatological point of view. In the northern areas (NE, NW), more than 40% of the
stations are located below ∼600 m MSL. At these low altitudes the observation of snow
is relatively rare compared to alpine stations, which makes snow detection more difficult.
The inferred snow distributions were also compared to satellite snow masks during four
case studies between November 2002 and March 2005. Depending on the region, the
post-agreement (PAG) between the two methods for snow-free areas ranged between 0.91
and 0.97, and between 0.69 and 0.85 for snow-covered areas. The best agreement between
modeled and satellite-observed regional snow coverage was found for case #3 with PAGs
between 0.81-0.96 for the detection of snow. The lowest performance of this validation
occurred during case #4 in the southern region (S) where only 47% of the forecasted snow
areas were actually snow covered. The snow line altitude was predicted too low in this
region for this episode and therefore snow was overestimated. In this case, there was a
weak correlation between altitude and snow depth, which could be related to the inho-
mogenety of this climate region and the strong warming during the whole week before.
The validation of this simple method showed, that it is possible to estimate the spatial
and temporal variability of snow in Switzerland back to the early 1980s. The condition
for its successful application is the possibility of defining relatively homogeneous climatic
regions with snow depth observing stations that are well distributed in altitude. Partic-
ularly, this method is suitable for mountainous regions with a good network of stations
where snow depth is recorded daily.
The average regional snow coverage has been calculated for the winter seasons between
1980 and 2008. Snow-rich and -poor winter seasons are well represented in the analyzed
time series. The derived snow coverage over 28 years has been investigated for temporal
trends using a non-parametric Mann-Kendall test and Theil-Sen slope estimations. Sta-
tistically significant (p < 0.1) negative trends of -10 and -15%, respectively, were found
for the NE and NW regions over the analyzed time period. Decreasing snow coverage was
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doses at Sodankylä estimated using total ozone, sunshine duration, and snow depth. J.
Geophys. Res., 108 (D16), doi:10.1029/2002JD003325.

Lindfors, A., J. Kaurola, A. Arola, T. Koskela, K. Lakkala, W. Josefsson, J. Olseth,
and B. Johnsen, 2007: A method for reconstruction of past UV radiation based on
radiative transfer modeling: Applied to four stations in northern Europe. J. Geophys.
Res., 112 (D23201), doi:10.1029/2007JD008454.

Lindfors, A. and L. Vuilleumier, 2005: Erythemal UV at Davos (Switzerland) 1926–2003,
estimated using total ozone, sunshine duration, and snow depth. J. Geophys. Res.,
110 (D02104), doi:10.1029/2004JD005231.

Liu, S., S. A. McKeen, and S. Madronich, 1991: Effect of anthropogenic aerosols on
biologically active ultraviolet radiation. Geophys. Res. Lett., 18 (12), 2265–2268.
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Philipona, R., A. Heimo, C. Fröhlich, C. Marty, A. Ohmura, and C. Wehrli, 1996: The
Swiss atmospheric radiation monitoring program: CHARM. A. DEEPAK Publishing,
IRS ’96: Current Problems in Atmospheric Radiation, ISBN 0-937194-39-5.

Power, H. C., 2003: Trends in solar radiation over Germany and an assessment of the
role of aerosols and sunshine duration. Theor. Appl. Climatol., 76, 47–63, doi:10.1007/
s00704-003-0005-8.

Rieder, H. E., F. Holawe, S. Simic, M. Blumthaler, J. W. Krzyścin, J. E. Wagner, A. W.
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Acronyms and abbreviations

ANETZ MeteoSwiss automatic network consisting of 72 stations with high
data availability for standard meteorological applications. Cur-
rently transforming into SwissMetNet (SMN, see below).

APCADA Automatic partial cloud amount detection algorithm - based on
observed longwave downward radiation, temperature, and relative
humidity at screen level height (Duerr and Philipona, 2004).

ASRB Alpine Surface Radiation Budget network. This project aims at
investigating the surface radiation budget at different altitudes and
its relation to the greenhouse effect and to temperature and humid-
ity in a changing climate (Source: MeteoSwiss).

B Bias

biometer Synonym for UV broadband radiometer (cf. SL 501)

Black body For a given temperature, wavelength and surface exists an upper
limit for the energy a body can emit. A black body emits the
maximal possible intensity at all wavelengths.

BSRN BSRN is a project of the Radiation Panel from the Global Energy
and Water Cycle Experiment GEWEX under the umbrella of the
World Climate Research Programme (WCRP) and as such is aimed
at detecting important changes in the Earth’s radiation field at the
Earth’s surface which may be related to climate changes. (Source:
World Radiation Monitoring Center)

CHARM Swiss Atmospheric Radiation Monitoring Program consists of four
stations in the Swiss lowlands and the Alps: Payerne, Davos,
Jungfraujoch and Locarno-Monti. This research network measures
operationally erythemal UV radiation with broadband radiometers
(biometers).

CIE The International Commission on Illumination - also known as
the CIE from its French title, the Commission Internationale de
l’Eclairage - is devoted to worldwide cooperation and the ex-
change of information on all matters relating to the science and
art of light and lighting, colour and vision, and image technology.
(http://www.cie.co.at)
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CM21 High quality pyranometer for measuring the irradiance on a plane
surface. This instrument is compliant with the ISO 9060 secondary
standard instrument performance criteria and is used in the solar
radiation monitoring network BSRN (Baseline Surface Radiation
Network) of WMO. This instrument is used in MeteoSwiss’ opera-
tional network for measuring the total shortwave irradiance (SW)
and is the follow-up model of the previous CM5.

CMF Cloud Modification Factor built by the ratio of the radiation for all-
sky conditions to the radiation for the same situations but without
clouds (clear-sky estimates).

CMFSW CMF in the SW range

CMFUV CMF in the UV range

COST “European Cooperation in the Field of Scientific and Technical Re-
search” is one of the longest-running European instruments sup-
porting cooperation among scientists and researchers across Eu-
rope. (www.cost.esf.org)

COST 713 COST initiative to establish tested and standardized UV-B radia-
tion forecasts for public information in Europe.

COST 726 “Long term changes and climatology of UV radiation over Europe”
– for advancing the understanding of UV radiation distribution un-
der various meteorological conditions in Europe in order to deter-
mine UV radiation climatology and assess UV changes over Europe.
(www.cost726.org)

CUVRA Characteristics of the UV radiation field in the Alps.

DAV Davos

dec−1 per decade

DEM Digital Elevation Model

DJF winter season: December–February

EAWR-Index The East Atlantic/West Russia (EATL/WRUS) pattern is one
of three prominent teleconnection patterns that affects Eurasia
throughout year. This pattern has been referred to as the Eurasia-2
pattern by Barnston and Livezey (1987). (Source: NOAA)

ETH Swiss Federal Institute of Technology

EDUCE European Database for UV Climatology and Evolution - a research
project for investigating the UV radiation climate in Europe.

FAR False Alarm Rate
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GAW The Global Atmosphere Watch program is one of WMO’s most
important contributions to the study of environmental issues in
the post-UNCED period (United Nations Conference on Environ-
ment and Development, 1992). The mission of GAW is making
reliable, comprehensive observations of the chemical composition
and selected physical characteristics of the atmosphere on global
and regional scales. Furthermore, the program provides the sci-
entific community with the means to predict future atmospheric
states. (Source: World Meteorological Organization)

Global radiation Total radiation on a horizontal surface resulting from the direct
solar radiation and from the diffuse radiation incident from the
hemisphere above.

HR Hit Rate

K Kelvin

Irradiance see “Global radiation”

JUN Jungfraujoch

libRadtran library for radiative transfer calculations (www.libradtran.org).

MAM spring season: March–May

MeteoSwiss Swiss Federal Office of Meteorology and Climatology

MSL above Mean Sea Level

µm micrometer

NE North-eastern part of Switzerland (lowland region)

Near-IR Infrared radiation with wavelengths between 780–2500 nm

nm nanometer

NW North-western part of Switzerland (lowland region)

OTL Locarno-Monti

PAG Post-agreement

PAY Payerne

PFR The Precision Filter Radiometer (PFR) is a research grade in-
strument to measure direct solar irradiance in 4 narrow spectral
bands centered at wavelengths recommended by World Meteoro-
logical Organization for the determination of atmospheric aerosol
optical depth. (Source: PMOD/WRC)

PMOD/WRC Physikalisch-Meteorologisches Observatorium Davos / World Radi-
ation Center (www.pmodwrc.ch)

POD Probability of detection
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p (-value) The p value is the specific probability that the observed value of
the test statistic, together with all others at least as unfavorable to
the null hypothesis, will occur according to the null distribution.
Thus the null hypothesis is rejected if the p value is less than or
equal to the test level, and is not rejected otherwise (Wilks, 1995).

QA/QC Quality Assurance and Quality Control

RACE-UV Representative Alpine Climatology for Erythemal UV. This project
is a contribution to the COST action 726. The particular aim of this
project is testing the methodology for building a UV climatology in
Switzerland. This includes investigating the dependency of the es-
tablished UV estimation relationships on the location environment
and conditions met in Switzerland.

RMS Root-Mean-Square

RTM Radiative Transfer Model

S Southern part of Switzerland (alpine region, mainly canton Ticino)

SACRaM Swiss Alpine Climate Radiation Monitoring network - a new atmo-
spheric radiation research network of MeteoSwiss emerging from
the previous CHARM and stations from the ASRB-network.

SE South-eastern part of Switzerland (alpine region, mainly canton
Graubünden)

SL Snow line altitude

SL 501 SolarLight UVB Biometer Model 501 radiometer. This instrument
measures the UV radiation with a filter close to the erythemal ac-
tion spectrum and is based on the Robertson Berger technology.

SLF WSL Institute for Snow and Avalanche Research

SMN The new automatic meteorological network of MeteoSwiss
(SwissMetNet)

SW Total solar radiation (ShortWave radiation, ca. < 3µm)

SW South-western region of Switzerland (alpine region, mainly canton
Valais)

SZA Solar Zenith Angle (90◦ - solar elevation)

TOA Top Of Atmosphere

TSI Total Solar Irradiance

UTC coordinated universal time

UV Ultraviolet radiation (100-400 nm)

UVA UV-A radiation (315–400 nm)
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UVB UV-B radiation (280–315 nm), note: often UVB is extended to
320 nm in scientific literature.

UVC UV-C radiation (200–280 nm)

UVI UV-Index

Vacuum UV Ultraviolet radiation (< 200 nm)

Vitamin D3 Vitamin necessary for the formation and maintenance of our bone
system and for several other health effects. The vitamin may also
be supplied via the diet, but the formation in the skin by solar UV-
B radiation usually forms an important part of the supply (van der
Leun and de Gruijl, 1993).

WMO World Meteorological Organization

WSL Swiss Federal Institute for Forest, Snow and Landscape Research
(an institute of the ETH domain)

yr−1 per year

α The test level (α) determines the “sufficiently improbable” region
of the null distribution, also called “rejection level” (Wilks, 1995).

10’ 10 minutes
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Verständnis und die Unterstützung ganz speziell in der Schlussphase dieser Arbeit. Zu

103



104 Acknowledgements

guter letzt der wichtigste Dank an meine Eltern und Familie, welche den Weg zu dieser
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auf die ich immer zählen durfte und euren Zuspruch in den schwierigeren Phasen.



Curriculum Vitae

Daniel Walker, rue de la Boverie 16, CH-1530 Payerne
born on 10 August 1976 in Zurich; citizen of Winterthur (ZH) and Gurtnellen (UR)

Professional Training

08/2005 – 05/2009 Doctorate at ETH Zurich and MeteoSwiss Payerne

04/2005 – 07/2005 Project collaborator at Swiss Re Zurich

07/2004 – 11/2005 Research assistant at the Institute for Atmospheric and
Climate Science (IACETH), ETH Zurich

04/2002 – 12/2004 Geological consulting, A. Rissi, Dipl. Natw. ETH, Zurich
(part time)

08/1992 – 08/1996 Apprenticeship as a draftsman in an architectural office,
Tauscher & Waibel, Arch. HTL, Winterthur

Education

08/2005 – 05/2009 PhD student at the Institute for Atmospheric and Climate
Science (IACETH), ETH Zurich

09/2005 – 10/2007 Advanced studies in applied statistics at the Seminar for
Statistics, Dep. of Mathematics, ETH Zurich

09/2000 – 05/2005 Master’s degree in Earth Sciences, ETH Zurich

08/1998 – 06/2000 High school, type C, “Kantonale Maturitätsschule für
Erwachsene (KME)”, Zurich

08/1997 – 07/1998 Technical high school, Winterthur

08/1992 – 07/1996 Apprenticeship draftsman: Vocational school with techni-
cal school, GIB, Winterthur

04/1983 – 07/1992 Public schools

105



106 Curriculum Vitae

Conference Contributions

- European Geoscience Union (EGU) General Assembly, Vienna, Austria, April, 2006

- European Geoscience Union (EGU) General Assembly, Vienna, Austria, April, 2007

- 5th Swiss Geoscience Meeting, Geneva, November, 2007

- Quadrennial Ozone Symposium (QOS), Tromsø Norway, July, 2008

- 6th Swiss Geoscience Meeting, Lugano, November, 2008

- IAMAS-IAPSO-IACS Joint Assembly MOCA-09, Montreal, Canada, July 19–29,
2009

Publications

- Walker, D. M., L. Vuilleumier, C. Marty, S. Brönnimann, and U. Lohmann, 2009:
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