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Summary 

Daily values of UV surface albedo at 360 nm are provided for the period 01 Jan 1958 to 31 

Aug 2002 and for each pixel of the COST-726 area. The available ERA-40 fields of water 

equivalent of snow depth in mm and of sea-ice fraction enable grid boxes to be identified, 

which are covered by snow, and / or (partly) by sea-ice. Furthermore, the snow age can be 

derived by the evolution of snow depth in the past days, and the snow depth in cm can be 

estimated using snow age dependent assumptions on the relation of water equivalent in mm 

and snow depth in cm. The albedo of snow and ice free pixels is set at the corresponding 

value of the daily FMI MTW UV surface albedo climatology. For parts of the COST-726 area 

monthly means of albedo for freshly fallen and for old snow can be derived from the MTW 

UV surface climatology and can be used in determining the current albedo. In case of snow at 

first the algorithm of Schwander is applied to calculate a regional albedo, which depends on 

snow depth and snow age and can vary between 19 and 50 %. In regions, monthly albedo 

means for freshly fallen snow and old snow are not defined, the albedo of the pixel is set at 

the regional albedo. In case the monthly albedo means are defined, the regional albedo related 

to its maximal possible difference is applied to scale between the albedo of freshly fallen and 

of old snow. 

 

1 Introduction 

The COST-Action 726 on “Long-term changes and climatology of UV radiation over Europe” 

schedules a reconstruction of past UV radiation, inter alia for a higher number of sites 

throughout Europe. The albedo of the soil generally is low in the UV (3-8 %) compared to 

that in the visible spectral range (Feister and Grewe, 1995). An essential exception is snow 

that also increases albedo dramatically in the UV, up to 96-98 % in Antarctica (Grenfell et al., 

1994). Thus, for days the surface is not covered by snow, climatological values of UV surface 

will provide sufficient accuracy for modelling. However, modelling should account for 

variations in UV surface albedo due to snow and ice. Observed albedo from the sites, or 
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auxiliary data like snow depth are not available in the COST-Action 726. J. Kaurola, Finnish 

Meteorological Institute (FMI) has retrieved daily data of snow depth and sea-ice from the 

archive of the ECMWF 40 year re-analysis (ERA-40) for the one degree grid used in COST-

726. These data are applied to reconstruct increased UV surface albedo on a daily base, due to 

snow covered surfaces or sea-ice. For snow and ice free conditions the UV surface albedo is 

set at the value of the daily UV surface albedo climatology of FMI (Tanskanen, 2004). 

Following, the method is described, which has been used to generate the daily UV surface 

albedo database. 

 

2 Input database 

2.1 ERA-40 snow depth and sea-ice fraction 

ERA-40 is a re-analysis of meteorological observations from September 1957 to August 2002 

produced by the ECMWF. ERA-40 is based on the ECMWF data assimilation system and 

provides fields of a reduced Gaussian grid with a spatial resolution of about 125 km. The 

MARS archive post-processing software was used to interpolate the original fields to the 

regular 1 degree grid used in COST- 726 (31° N to 80° N, 25° W to 35° E, increment 1 degree 

in latitude and longitude). 

The ERA-40 snow depth is given in mm of water equivalent (Kallberg et al. 2004). Glaciers 

have the set value of 10,000 mm, which has been reduced to 999 mm in the COST available 

data to save disk space. SYNOP observations include observations of snow depths. However, 

the availability of these parts of SYNOP has been limited to Canadian observations and from 

1966 onwards to that of the former Soviet Union. Data from other countries could be used 

only from 1976 onwards (Uppala et al., 2005). In situ measurements of snow depth were 

analysed using the ECMWF successive correction method, with an adjustment applied that 

relaxed the analysis towards climatology in absence of measurements. Time series of global-

mean snow mass has exhibited low values from 1992 to 1994 due to an error in the snow 

analysis (Uppala et al., 2005).  

A validation of ERA-40 snow cover (Martin 2004) focussed on the French Alps uses the 

snow climatology calculated by the French analysis system SAFRAN coupled with the snow 

model CROCUS. When looking at the snow cover within the winter, the snow cover 

evolution is realistic, and the daily evolution is in most cases in agreement between ERA-40 
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and SAFRAN/CROCUS. Precipitation is quite well simulated when looking at the average on 

the region and on a monthly basis. The comparison results are less good when looking at 

individual stations (discrepancy between real and model orography). However, snowfall is 

strongly underestimated and the inter-annual variability seems also underestimated. ERA-40 

snow cover simulations compare reasonably well with the SAFRAN/CROCUS climatology, 

despite the underestimation of snowfall.  

Sea-ice in ERA-40 is given as fraction (0 – 1) of the grid box. Sea-ice cover (Rayner, 2002) 

was taken from the HadISST1 dataset of monthly values produced by the UK Met Office. It 

has been used up to November 1981. Thereafter, the weekly NOAA/NCEP 2D-Var dataset 

was used until 2001. Interpolation was used to produce daily values from each dataset.  

The satellite-based data give a detailed picture of concentration variations within the ice edge 

in winter, but have problems in the summer (especially in the Arctic) through the effect of 

surface melting on the passive microwave retrievals. The chart-based data are detailed in 

areas of operational interest, but contain less information about the inner ice pack. Sea-ice 

fields from HadISST1 and the 2DVAR are sufficiently homogeneous to use in ERA-40 

without the need for bias-adjustments (Rayner, 2002). The percentage of open water in grid 

boxes with partial sea ice cover is also quite consistent in the two data sets and not outside the 

general variability.  

 

2.2 FMI MTW UV surface albedo climatology 

The FMI has produced a Lambertian surface albedo climatology at 360 nm from TOMS data 

using the Moving Time-Window Technique (MTW) (Tanskanen, 2004, Tanskanen et al. 

2003). It is based on the assumption that the reflectivity values within a certain time-window 

around the day of interest form a sample of the reflectivity distribution whose lower tail 

corresponds to the clear sky case. An estimate of the surface albedo is obtained by fitting a 

linear function to the lower tail of the cumulative distribution of the sample. The MTW 

algorithm was applied to the TOMS 360 nm Lambertian Equivalent Reflectivity (LER) time-

series to construct daily surface albedo estimates for the Nimbus-7 period (1979 – 1992). 

Finally, the daily surface albedo climatology was constructed by averaging the resulting 

surface albedo estimates for these years. Compared to the TOMS minimum LER climatology 

(Herman and Celarier, 1997), the FMI MTW climatology shows higher surface albedo at high 
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latitudes, especially in spring and autumn. In moderate and low latitudes the differences are 

relatively small. 

The daily climatology can be downloaded via http://www.gse-promote.org. High latitude 

pixels of the climatology can show gaps for days of the winter season due to polar night or 

high solar zenith angles and thus UV radiances below the measuring threshold of the 

instrument. These gaps are closed by inter- and extrapolation. In case the gap is less than one 

month a time weighted albedo average of the both edge days is applied. Gaps lasting for more 

than a month are closed by determining the maximum albedo from of the two week periods 

edging the gap. This maximum albedo is set at the centre of the gap, and following it is 

linearly interpolated between the albedo of the centre day and the edge days.  

 

3 Determining daily UV surface albedo 

3.1 Regional snow albedo in the UV 

High UV albedo, as measured in Antarctica (Grenfell et al., 1994, Bernard et al., 2006), is 

valid for a terrain, which can be assumed to be homogeneously covered with snow and ice. 

Such regions may be found in Antarctica, the Arctic Sea, the Arctic tundra, and the inland ice 

on Greenland. Outside the afore-mentioned areas a terrain homogeneously covered with snow 

does not occur. Snow-free areas can be trees, rocks, roads, roofs of buildings etc. since they 

often become snow free, even during periods with snow cover. Snow covered forest shades 

parts of the surrounding area and thus reduces the effective albedo. The albedo at a location is 

determined by a region with a radius that can exceed 20 km (Degünther et al., 1998). 

Schwander et al. (1999) developed an algorithm to determine the regional albedo in the UV: 

 [ ] N3.61H0.17240%albedo ⋅−⋅+=       (1) 

H is the snow depth (cm) and constrained to 2 to 60 cm, i.e. snow depth higher than 60 cm are 

set at 60 cm. N is the snow age and is given as number of days since the last day with freshly 

fallen snow of at least 2 cm. It is constrained to 0 (current day) to 6 previous days and is more 

decisive for the regional UV albedo than snow depth. Thus, the regional UV albedo can vary 

between a minimum (RALB_n) of 18.7 % and a maximum of 50.3 %. The algorithm is 

validated to be a generic approach (Lapeta et al. 2001). It is in good accordance with the 

findings of Tanskanen and Manninen (2007), and with the measured albedo of 62 % for 
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freshly fallen snow at Lauder, New Zealand (McKenzie et al., 1998). Snow patches, snow 

depths less than 2 cm, may modulate the albedo to vary between snow-free value assumed to 

be less than 12 % and RALB_n.  

ERA-40 contains the snow depth as water equivalent in mm. The water equivalent is 

transformed to a snow depth in cm assuming a variation between 1cm for freshly fallen (dry) 

snow per 1 mm water equivalent and 0.4 cm for (old) snow ageing 5 and more days (Caspar 

1962). The snow depth is accumulated by positive increments in water equivalent of at least 2 

mm compared to the previous day. Thereby, the increment in cm decreases linearly from 1.0 

to 0.4 cm with increasing snow age between 0 and 5 days. 

 

3.2 Monthly climatological albedo of freshly fallen and old snow 

The FMI MTW daily UV surface albedo climatology is applied to derive spatially varying 

albedo values for freshly fallen and old snow on a monthly base. For each pixel the monthly 

mean albedo and its variance is calculated from the database. From this variance it is possible 

to estimate the variance of the 1979 – 1992 population to roughly be represented by a factor 

13 applied to the variance of the daily climatology. The albedo of freshly fallen snow is 

defined to be represented by the 95-percentile of the cumulative frequency distribution, that of 

old snow by the 5-percentile. The albedo values for freshly fallen and old snow are undefined, 

if the monthly maximum is less than RALB_n or the monthly average is less than 15 %. If the 

5-percentile is less than RALB_n it is set at RALB_n. The distribution of the albedo can be 

extremely skewed and can show a strong kurtosis. To account for this behaviour, the 

cumulative distribution is based on the (incomplete cumulative) Beta function (Press et al. 

1996). The required parameter a, and b of the Beta function are estimated based on calculated 

average, variance, maximum, and minimum albedo of the 1979 – 1992 population 

(http://www.itl.nist.gov/div898/handbook/eda/section3/eda366h.htm). Following, the 95- and 

5-percentiles are allocated by bisection. Bisection does not converge within 100 steps of 

iteration, if one of the Beta parameters is ≤ 0.1. This occurs if the predominant part of the 

population is concentrated very close to one of the extremes. In this case the percentiles are 

set at the maximum and the minimum, respectively. If the 95-percentile exceeds an albedo of 

95 %, it is set at 95 %. 
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Over the COST-726 area albedo values of freshly fallen snow higher 90 % are exclusively 

found over the inland ice on Greenland, the glaciers of Iceland, and of the Kola Peninsula. 

Higher values than the maximum in the regional albedo are observed over the sea ice region 

East off Greenland, and over the high altitude parts of the Scandinavian mountains. In the 

other regions - if defined - the albedo of freshly fallen and old snow remains in the range of 

the regional albedo, and thus supports the findings on seasonal snow covered regions. Year-

long the albedo of freshly fallen and old snow is undefined for the Seas with exception of the 

sea-ice regions, for Southern and Western Europe, for Central Europe West of about 20°E 

with the exception of the Alps, and for lowland Scandinavia South of about 59°N. This is due 

to frequent snow free periods also in winter months.  

 

3.3 Specifying daily UV surface albedo 

The daily UV surface albedo of COST-726 is specified to be the albedo “snow-free”, if the 

ERA-40 snow depth and the ERA-40 sea-ice fraction is zero. It is set to the regional albedo 

applying the algorithm of Schwander et al. (1999), if the snow depth calculated from the 

water equivalent of ERA-40 is ≥ 2cm and the albedo of freshly fallen snow is undefined. 

Otherwise, if the albedo of freshly fallen snow is defined, the result of the regional albedo 

minus RALB_n related to the maximal possible difference (50.3 % - 18.7 %) is applied to 

scale between the albedo of freshly fallen and of old snow. If the snow depth calculated from 

the water equivalent is less than 2 cm, the average of RALB_n and the albedo snow free is 

applied. 

In case of sea-ice the fraction is used to scale between the albedo of sea-ice and that of open 

water. If sea-ice is covered by snow than the result of the aforementioned calculation is 

applied. If it is not covered by snow than the albedo of old snow is applied. In the case the 

latter is undefined, than the albedo of sea-ice is set at RALB_n.  

Especially in case of sea-ice it is possible that the MTW climatology shows an albedo greater 

than 12 %, which is assumed to delimit between the albedo snow-free and an albedo of the 

grid box at least “corrupted” by snow patches. In this case the albedo snow-free is taken from 

the next summer-wards value of the pixel, which is snow-free. If this fails, it is set at the 

albedo of the next snow-free pixel equator-wards.  
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4 Results 

The daily data of UV surface albedo for the periond 01 Jan 1958 to 31 Aug 2002 are 

accessible via the BSCW server. They are given as percent integers (i2); the data structure is 

in accordance with the other available ERA-40 products for the COST-726 area. 

The daily UV surface albedo is constructed for all pixels of the COST-726 area and the period 

1958 to 2002 based on the aforementioned method. Figure 1 gives the resulting frequency 

distribution. It shows a dominating peak between 3 and 7 %, which is related to the albedos 

snow-, ice-free of land and of sea surfaces. The secondary peak at 12 % is related to pixels 

with sub-pixel contamination due to snow or sea-ice. The tertiary peak at 19 % can be 

assigned to RALB_n. Above 19 % the albedo values are more or less equally distributed up to 

the maximum of the regional albedo, and on lower level up to about 75 %. 

Figure 2 shows the strongly differing spatial distribution of UV surface albedo over Central 

Europe and parts of Western Europe at 08 March 1970, a winter with large snow depths also 

in the lowlands, and in contrast at 08 March 1989, a winter showing only few days with snow 

cover. 
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Figure 1. Frequency distribution of UV surface albedo: Total pixels of the COST-726 area, 

and period 01 Jan. 1958 to 31 Aug. 2002. 
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Figure 2. Spatial distribution of UV surface albedo: Top at 08 March 1970, bottom at 08 

March 1989. 

 


