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Figure 1: Monthly mean surface temperature (degrees C) for April 2010.

Variable Temperature two meters above surface, averaged over calendar months (years) in degrees
Celsius. Mean values are determined by averaging daily mean values calculated from auto-
matic 10-minute measurements, i.e. the average covers day-time and night-time conditions.

Application Climate monitoring, agriculture and ecology, glaciology, tourism, climate change downscal-
ing.
Overview TabsM and TabsY are spatial analyses of monthly and yearly mean surface temperature

covering the territory of Switzerland. They are based on homogeneous measurement time
series at about 80 stations and cover a multi-decadal period (1961-present). The interpola-
tion is estimated using a km-scale digital elevation model with non-linear and regionally var-
iable topography temperature relationships. The datasets are intended for quantitative ap-
plications such as in agricultural planning and the modeling of ecosystems and glaciers.
Moreover they are a reference for long-term climate monitoring and can serve to calibrate
climate change downscaling methods.
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TabsM and TabsY are calculated from monthly and yearly mean temperature values of all
MeteoSwiss climate stations that dispose of a sufficiently complete time series to calculate
norm values and attendant anomalies. For the period 1981 till present, the station network
is virtually constant with 86-91 stations measuring at any point in time. Before that, the sta-
tion number gradually increases from 62 to 69 between 1961 and 1977 and then more rap-
idly in then following few years. In the Alps, the station network consists mainly of valley
floor and mountain top stations. Slope conditions are comparatively underrepresented. The
current MeteoSwiss network (SwissMetNet) is described in MeteoSwiss 2010.

The time series used for the interpolation have been homogenized to preserve long-term
consistency of measurements in case of station relocations and instrument changes. (See
Begert et al. 2003, 2005 for methodological detail.) However, accurate homogenization can
only be effected with several years of measurement after the change. As a result, effects
from station changes are not corrected immediately and inhomogeneities of the recent past
(a few years back) may still be present in some records. Periodic recalculation of the anal-
yses after major homogenization steps will correct those inconsistencies over time.

Since 1981, monthly/annual mean temperatures are calculated by averaging automatic sta-
tion measurements taken in 10-minute intervals. In the pre-automatic period, mean values

were originally calculated from a weighted average of three daily measurements. Inconsist-
encies in the averaging schemes are compensated by homogenization (Begert et al. 2003).

Fields of TabsM and TabsY are calculated using a similar method as for TabsD. (See Frei
(2014) and the product documentation of TabsD for details.) However, unlike for TabsD,
only homogenous station records are integrated. In brief, the interpolation is based on a re-
gionalized non-linear vertical temperature profile and a non-Euclidean “climatological” dis-
tance weighting of anomalies from the vertical profile. The underlying digital elevation
model is USGS GTOPO30 (see http://eros.usgs.gov) for the 2-km grid, and SRTM (Farr et
al. 2007) for the 1-km grid. The digital elevation model(s) can be requested with the data
products.

Due to the use of homogenized time series in their construction, the primary purpose of
TabsM and TabsY is the monitoring of year-to-year temperature variations in Switzerland,
including the study of its regional variations and height dependencies (see e.g. Ceppi et al.
2010). Moreover, these products (possibly together with other monthly gridding products)
can serve as input to quantitative models for applications where monthly resolution is suffi-
cient. Possible examples are empirical glacier or ecosystem models. Other areas of possi-
ble interest are tourism, architecture and engineering. Finally, area covering temperature
fields can be valuable for deriving local-scale climate change scenarios by statistical
downscaling.

The method of spatial interpolation adopted for TabsM and TabsY is more accurate than
popular interpolation with linear temperature height relationships. The explicit consideration
of temperature inversions and the use of a data-driven weighting scheme can account for
topographic effects more flexibly. It can be expected that major features of the temperature
variation, including inversions over the Swiss Plateau as well as winter-time cold pools and
summer-time heating of valleys, are reproduced in these products.

However, several physical effects are not modeled in the analysis. Among these are lake
effects and urban heat islands. In fact, no effects related to land use or land cover were
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considered so far. A reliable estimate of these seemed to be difficult, given the complex
topographic effects superimposed and the limited number of stations available. In addition,
there are limitations for the representation of topographic effects at small-scales. For exam-
ple, the vertical extent and long-valley distribution of winter-time cold pools can hardly be
deduced from the station network alone, not least because of the small number of valley
slope stations. As a result, it must be expected that local-scale temperature variations are
generally underestimated. (Too smooth distributions.) Moreover the temperature anomalies
from resolved topographic effects may display with considerable error in extent and ampli-
tude. This is particularly true for valley cold pools: Their reproduction by the analysis criti-
cally depends on the existence of in-situ measurements. Hence cold anomalies may be
missing completely in un-instrumented valleys.

A “leave-one-out” cross-validation reveals considerable seasonal and spatial variations of
the interpolation accuracy. For winter months the standard error varies between 0.6 de-
grees over the Swiss Plateau and Jura to 1.8 degrees in the Alps and in Ticino. Errors are
smaller in summer: 0.5 degrees over the Swiss Plateau/Jura and 0.7 degrees in the Alps/Ti-
cino. The corresponding standard errors for annual mean temperature (TabsY) are 0.5 and
1.0 degrees for the Plateau/Jura and the Alps/Ticino respectively.

Even though the time series underlying our analyses are of good long-term consistency, the
homogeneity of TabsM and TabsY may be compromised by changes in the station network.
We have compared TabsY to a similar experimental analysis using continuous station time
series only and found that the resulting long-term trends are comparable at larger scales,
but can significantly deviate in some areas. (See also Frei 2014.) We therefore recommend
to be careful in using the datasets for applications where long-term homogeneity is essen-
tial. Datasets with robust long-term properties are currently under development.

It is to be noted, that TabsY is calculated directly from the annual station values. Non-linear-
ities in the analysis scheme lead to slight differences between TabsY and the mean value
determined from monthly fields (TabsM). It is recommended to use TabsY in applications
where yearly time resolution is sufficient.

TanomM9120 and TanomY9120: Anomalies of monthly and yearly mean temperature, rela-
tive to the mean of 1991-2020.

TnormM9120 and TnormY9120: Mean monthly and yearly temperature of 1991-2020.

Note: There is full consistency of TabsM and TabsY with these related products because
anomalies are directly calculated from the grids for the norm and absolute values.

TminM, TmaxM, TminY and TmaxY: Monthly and yearly means of daily minimum and maxi-
mum temperatures. These analyses are constructed similarly like those for TminD and
TmaxD, but by reference to TabsM and TabsY. (See documentation for TminD and
TmaxD.)

TabsD, TminD, TmaxD: Analyses of daily mean, minimum and maximum temperature.

TabsM and TabsY are available in the following grid structure:

ch02.lonlat, chO1r.swiss.lv95, ch.cosmo1.rotpol, ch.cosmo2.rotpol, ch.cosmo7.rotpol
(analyses on cosmo grids are provided upon special request only)
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Actual versions: TabsM v1.4, TabsY v1.4
Previous versions:

TabsM v1.2 and TabsY v1.2 were derived with a similar method like version v1.4 but using
less robust estimation procedures for the profile and layering scheme.

TabsM v1.0 and TabsY v1.0 were derived with an older method using spatial interpolation
of anomalies with respect to the long-term mean.

TabsM is updated monthly. The analysis for a month is usually available at the beginning of
the following month. TabsY is updated yearly and is available in January.
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