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The snow cover plays an important role not only for the whole climate system 
but also for tourism and economy in the Lapland winter (e.g. dog sledding, 
snow mobile, etc). Snow constitutes a shelter for animals and plants during the 
winter due to thermal isolation, but, on the range of this investigation, it can 
make grazing difficult for reindeers, if the conditions are not favorable.  
Different approaches to the study have been made; the first and most important 
part of the investigation was a campaign in Järämä, in Swedish Lapland. During 
3 days (between the 3rd and 5th of March 2009), a series of snow pits were done, 
recording snow grain size, snow layers depth, snow hardness/compactness, 
density and temperature. The hardness in the snow was evaluated through ram 
penetration tests. It was additionally studied the correspondence between the 
snow layers found in situ and the Sámi terminology. 
Another approach of the study consisted of satellite observations during the 
winter season 2008/2009 with day light in the region. The type of imagery used 
was MODIS (The Moderate Resolution Imaging Spectroradiometer) daily snow 
albedo and 8-day surface reflectance products. 
Measurements of temperature, precipitation, snow depth were used to cover the 
polar night time when satellite images were missing. According to these 
weather observations some snow metamorphisms were also studied, and their 
influence on the snowpack conditions. 
Through the comparison between all these forms of data it was found that in the 
winter season 2008/2009 the conditions for reindeers grazing were not good due 
to the formation of ice encapsulating the lichens and grass. Additionally several 
hard snow layers have been found in the snowpack which increase the difficulty 
to dig in the snow and may cause problems to the reindeers’ digestion. 
Snow hardness measurements with a ram penetrometer, manual tests and visual 
grain size observation proved these discovers. Several periods of positive 
temperature may cause melting/refreezing cycles contributing to the formation 
of hard snow layers. These conclusions are supported by the snow albedo and 
surface reflectance satellite imagery. In these images is visible a period with 
snow albedo decreasing a lot in the beginning of autumn, after the first lasting 
snowfall. The weather conditions in early fall, when the first durable snow 
occurs, are of extreme importance for the reindeers’ grazing, and in the case of 
the studied winter season, the conditions were not favorable. 
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Abstract 

Investigations of manual and satellite observations of snow in 
Järämä (North Sweden) 

Daniel Pinto 

The snow cover plays an important role not only for the whole climate system but also 
for tourism and economy in the Lapland winter (e.g. dog sledding, snow mobile, etc). 
Snow constitutes a shelter for animals and plants during the winter due to thermal 
isolation, but, on the range of this investigation, it can make grazing difficult for 
reindeers, if the conditions are not favorable.  
Different approaches to the study have been made; the first and most important part of 
the investigation was a campaign in Järämä, in Swedish Lapland. During 3 days 
(between the 3rd and 5th of March 2009), a series of snow pits were done, recording 
snow grain size, snow layers depth, snow hardness/compactness, density and 
temperature. The hardness in the snow was evaluated through ram penetration tests. It 
was additionally studied the correspondence between the snow layers found in situ and 
the Sámi terminology. 
Another approach of the study consisted of satellite observations during the winter 
season 2008/2009 with day light in the region. The type of imagery used was MODIS 
(The Moderate Resolution Imaging Spectroradiometer) daily snow albedo and 8-day 
surface reflectance products. 
Measurements of temperature, precipitation, snow depth were used to cover the polar 
night time when satellite images were missing. According to these weather observations 
some snow metamorphisms were also studied, and their influence on the snowpack 
conditions. 
Through the comparison between all these forms of data it was found that in the winter 
season 2008/2009 the conditions for reindeers grazing were not good due to the 
formation of ice encapsulating the lichens and grass. Additionally several hard snow 
layers have been found in the snowpack which increase the difficulty to dig in the snow 
and may cause problems to the reindeers’ digestion. 
Snow hardness measurements with a ram penetrometer, manual tests and visual grain 
size observation proved these discovers. Several periods of positive temperature may 
cause melting/refreezing cycles contributing to the formation of hard snow layers. These 
conclusions are supported by the snow albedo and surface reflectance satellite imagery. 
In these images is visible a period with snow albedo decreasing a lot in the beginning of 
autumn, after the first lasting snowfall. The weather conditions in early fall, when the first 
durable snow occurs, are of extreme importance for the reindeers’ grazing, and in the 
case of the studied winter season, the conditions were not favorable. 
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Referat 

Undersökningar av manuella och satellit observationer av snö i 
Järämä (Norra Sverige) 

Daniel Pinto 

Snötäcket spelar en viktig roll inte bara för hela vädersystemet, utan det är också mycket 
viktigt för vinterturismen i Lappland  (t.ex. hundspann, snöskoter). Snö isolerar och ger 
ett bra skydd för djur och växter under vintern. Dock kan snötacket göra det svårt för 
renar att beta. I den här studien har villkor för gynnsamma snötacken studerats. 
Olika metoder för att studera detta har gjorts, den första och viktigaste delen av studie 
använder data från en mätkampanj  i Järämä i svenska Lappland. Under tre dagar (3-5 
mars 2009) grävdes en serie snö upp. Snöns kornstorlek, snölagrets djup, 
hårdhet/täthet, densitet, samt temperatur registrerades och man testade även snöns 
hårdet med ”ram penatration test”. 
Det var dessutom studerat sambandet mellan snön skikter hittat på plats och Samiska 
terminologi. 
Andra delen av studien bestod av satellitobservationer från den möjliga tiden (dagsljus i 
regionen) under vintersäsongen 2008/2009, med  bilder från MODIS satellit av dagligt 
snönalbedo och 8 dagars ytreflektionsprodukter. 
Till slut togs temperatur-, nederbörd- och snödjupsmätningar av vissa 
Lapplandsområden för att täcka saknade satellitdata under polarnattstiden. Med hjälp av 
dessa väderdata, studerades även några snömetamorfoser samt dess påverkan på 
snötäckets tillstånd. 
Genom jämförelse av alla dessa former av data, konstaterades att det under 
vintersäsongen 2008/2009 fanns dåliga villkor för renbete med isbildning som inkapslade 
lavar och gräs. Dessutom hittades flera hårda skikt i snötäcket som ytterligare kan ha 
försvårat att gräva i snön samt orsakat problem för renarnas matsmältning. Snöns 
hårdhetsmätningar med en penetrometer, manuella tester och visuell observation av 
kornstorlek visade dessa resultat. De hårda skikt som upptäcktes var mycket sannolikt 
orsakade av flera perioder av plusgrader som givit upphov till cykler med 
smältining/omfrysning. Dessa slutsatser stöds av satellitdata som visar en period med 
snön albedo som minskar mycket under början av hösten, efter det första varaktiga 
snöfallet. Väderförhållandena i början av hösten, när den första varaktiga snön kommer 
är av yttersta betydelse för renbetet, och i fallet med den studerade vintersäsongen, var 
villkoren inte gynnsamma. 

. 
 

 

Nyckelord: Satellit, Järämä, snö albedo, yta reflektans, snötäcket, snö kornstorlek, snö 
hårdhet, väderobservation, renbetet  
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Resumo  

Investigação de observações manuais e de satélite da neve em 
Järämä (Norte da Suécia) 
 
Daniel Pinto 

A cobertura de neve nos países nórdicos, nomeadamente na Lapónia Sueca, 
representa um factor de extrema importância no sistema climático, mas é também muito 
importante para os turistas e economia da região (por exemplo trenós puxados por 
cães, motas de neve, etc), constitui ainda abrigo para animais e plantas, graças ao 
isolamento térmica. No âmbito desta investigação, é essencialmente estudada a 
influência das propriedades da neve no pastoreio de renas.  
Foram realizadas diferentes abordagens para o estudo estrutura da neve, sendo a mais 
importante uma campanha efectuada em Järämä, na Lapónia Sueca. Durante 3 dias 
(entre 3 e 5 de Março), foram feitas escavações em certos locais na total profundidade 
do pacote de neve, permitindo analisar o tamanho dos grãos de neve, da profundidade 
das camadas, da dureza/compactação (subjectivo), da densidade e temperatura na 
neve. Foi também testada a dureza usando uma maçaneta de penetração na neve 
(método mais objectivo). Foi ainda estudada a correspondência entre as camadas de 
neve encontrados no local da investigação e a terminologia Sámi. 
Outra parte do estudo consistiu em observações de satélites durante todo o período 
possível (luz do dia na região) na estação de inverno 2008/2009, com imagens do 
satélite MODIS, com produtos de albedo da neve diário e também reflexão da superfície 
durante 8 dias. 
Finalmente, para tentar compensar os dados perdidos devido à noite polar, foram 
obtidas séries temporais de temperatura, precipitação e profundidade da neve na área, 
durante esse inverno. Devido a algumas características climáticas desse inverno, a 
neve sofreu alguns metamorfismos sendo observada a influência destes no pacote de 
neve. 
Através da comparação entre todas estas formas de dados, foi descoberto que nessa 
estação de inverno as condições de pastoreio para as renas foram desfavoráveis, com 
formação de gelo a encapsular os líquenes e ervas. Foi ainda observada a existência de 
várias camadas com neve dura o que muito dificulta a escavação na neve por parte das 
renas e pode provocar problemas digestivos nestas. Estas conclusões foram apoiadas 
pela observação da dureza da neve efectuada por intermédio de uma “maçaneta de 
penetração”, testes manuais, e visualização do tamanho do grão. As razões para serem 
encontradas estas camadas duras no pacote de neve, provavelmente terão origem em 
períodos com temperaturas positivas, causando ciclos de fusão/recongelamento. Estas 
conclusões são também apoiadas pelos dados de satélite, mostrando um período com 
albedo da neve a diminuir abruptamente no início do Outono. As condições 
meteorológicas nessa época, quando a primeira neve cai e permanece, é de extrema 
importância para o pastoreio das renas, e no caso desta estação de inverno as 
condições foram desfavoráveis.    
 
 

Palavras-chave: Satélite, Järämä, albedo da neve, reflexão da superfície, pacote de 
neve, tamanho dos grãos de neve, dureza da neve, observações meteorológicas, 
pastoreio de renas 
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1. Introduction 

Why is snow so important for the weather and climate system? Snow is much more 
than a simple solid state of water. It goes through several processes from its formation in 
the atmosphere until it finally melts in the spring. The global snow and ice cover 
(“cryosphere”) plays a major role in the whole climate and hydrology systems through 
complex interactions and feedbacks. One of the most important interactions is the ice or 
snow albedo feedback. Snow albedo, i.e. how much sunlight is reflected back into the 
atmosphere, is very high on snow covered regions, reflecting 80 to 90 percent of the 
incoming sunlight. By contrast, trees, plants, and soil reflect only 10 to 30 percent of the 
sunlight. The snow cover wields the largest influence during springtime (April to May) in 
the Northern Hemisphere, when days become longer and the amount of sunshine 
increases over snow-covered areas. The snow's high reflectivity contributes to Earth's 
energy balance, because it reflects solar energy back into space, which cools the planet 
(National snow & ice data center, 2013). 

The snow cover also contributes to the regulation of the temperature of the Earth's 
surface, and once it melts, the water fills rivers and reservoirs in many regions of the 
world, especially the western United States. About 98% of the Earth's snow cover is 
located in the Northern Hemisphere (National snow & ice data center). The snow covers 
the polar regions during the most of the year, and also seasonally a vast extension of 
Eurasia, North America and mountain regions. On such a large scale, the snow cover 
helps to regulate the exchange of heat between Earth's surface and the atmosphere, or 
the Earth's energy balance. On a smaller scale, variations in snow cover can affect 
regional weather patterns. For instance, in Europe and Asia, the cooling associated with 
a heavy snowpack and moist spring soils can shift the arrival of the summer monsoon 
season and influence how long it lasts (National snow & ice data center). 

The snow is likewise important for ground protection from air temperatures above, 
creating a relatively mild climate under the snow cover suitable for plants and animals 
(Kausrud et al., 2008). 

The snow cover, depending on the analyzed location, experiences very deep 
seasonal and long-term changes in thickness, extent and also in internal structure. 
Typically in the Northern Hemisphere the snow cover reaches a maximum area around 
February or March, although the thicknesses in the Northern regions (above 65ºN) can 
growth until April or even later, in higher latitudes. 

It is also known that in the last tens of years, the famous “climate changes” have 
been altering the snow conditions in the middle and high latitudes, regarding the 
extension and duration of the snowpack during winter season, but also the inner snow 
properties during the winter period (Riseth et al., 2010). There is increasing evidence 
that changes in winter temperatures and snow cover structure can cause significant 
damage to the animal population (Post et al. 2009). Reindeers constitute a big part of the 
animal population of Lapland region and their survival during winter largely depends on 
the snow cover and weather conditions (Heggberget et al., 2002; Callaghan et al., 2004). 
Late autumn or early winter temperatures around 0ºC and rain on snow events followed 
by freezing temperatures can create ice-hard snow layers in the snowpack (Vikhamar-
Schuler et al., 2010). Ice crusts within the snowpack or at ground level may also result in 
the starvation and death of reindeers (Heggberget et al., 2002; Riseth et al., 2010).  

To study the internal characteristics of snow and the harmful hard snow layers it is 
necessary to execute campaigns in situ, i.e. dig in the snow, the so called snow pits 
(figure 7a), to investigate the snow layers’ grain size, consistency/hardness, dryness or 
wetness, density and temperature. Some studies concerning the inner structure of the 
snow have already been made: using ground penetration radar to determinate the 
density variation with depth, mainly in perennial snow and ice packs, but also in 
seasonal snow (Richardson-Näslund, 2001). Other kinds of snow studies include 
analytical or subjective investigation of the mentioned snow properties and their variation 
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from winter to winter season, according to changes in weather, by using scientific 
research stations (Johansson et al., 2011). Investigations about Sámi terminology snow 
properties were previously investigated by Riseth et al., 2010. The nearest station 
performing this type of investigations is the Abisko Scientific Research Station (ASRS). 
Other kind of possible monitoring is the use of satellite data, mainly to investigate the 
snow cover extension, but also snow albedo. 

The aim of this investigation is to study the snow inner properties variation and 
layering during the winter season 2008/2009 in Järämä in Swedish Lapland. One of the 
methods was digging snow pits in order to determine the snow layer characteristics 
through direct observation. A ram penetrometer was used to figure out the resistance of 
the snow, and a snow fork to determine the snow density through the snow dielectric 
properties. A comparison between some snow characteristics for example grain size and 
hardness and also the density and Sámi terminology was also made. Finally the usage 
of satellite imagery from surface reflectance and snow albedo helped to discover the 
variations on the snow surface layer during the winter season and correlate it with the 
layers studied in the snow pits. This methodology is something that has not been 
investigated previously, at least within my knowledge. To be able to understand why 
variations in the snow structure occurred during the winter season, the temperature, 
snow depth and precipitation data from the region were collected.  

The main questions to be answered from this methodology ar,  among others, did the 
winter of 2008/2009 have good conditions for reindeer grazing? Can the usage of 
satellites image totally replace campaigns in situ? Do the meteorological conditions 
during one winter influence the snow inner structure and spatial distribution? Is there any 
relationship between snow density and snow hardness measurements? Is it any 
correlation between the type of snow found in this investigation and the Sámi 
terminology? 

 

2. Theory and method 
 

2.1. Conditions to form snow  

Snow is much more than a simple solid state of water. It contemplates several 
processes from its formation in the atmosphere until it finally melts in the spring. The 
creation of snow and ice crystals within cold clouds is a complicated process that largely 
involves the interaction of super-cooled water droplets and tiny ice crystals 
(Schemenauer et al., 1981; Sumner, 1988). 
Super-cooled water droplets form in clouds by condensation of water vapor on 
condensation nuclei from soil dust, pollution, forest fires, sea salt spray, and other 
sources. These droplets can exist at temperatures below freezing in clouds that are 
supersaturated with water vapor. Tiny ice crystals can also form in these clouds due to 
spontaneous freezing of super-cooled water droplets, sublimation of vapor and 
aggregate onto the freezing nuclei, and the freezing of droplets onto freezing nuclei. This 
coexistence is dynamic due to the fact that the saturation vapor pressure over the 
droplets is slightly greater than the one over the ice crystals. Thus, there is a transfer of 
water vapor from the droplets to the crystals and crystals grow at the expense of 
droplets. Crystals also grow due to interactions with other crystals and contact with 
super-cooled water droplets to create snowflakes and other types of frozen precipitation. 
Crystal contact with super-cooled water droplets causes freezing onto the surface and a 
gradual rounding of the crystal by a process referred to as riming. (DeWalle et al., 2008).  

Other necessary conditions to have snow reaching the ground are: sufficient moist 
in the atmosphere, a temperature that should be lower than -5ºC on the base of the 
cloud and have a neutral or unstable atmosphere so the snow flake can reach the 
ground. Additionally the ground temperature should be below or close to 0ºC.  
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Another kind of measurements was performed at the same place: the number of 
hammer blows necessary to penetrate the snowpack vertically until the ground and the 
penetration in [cm] (same as snow depth of the local). Information about the drop height 
[cm] hammer weight (1 kg in this case), the weight of the ram penetrometer4 (1,1685 kg 
in this case), and the gravitation constant [m/s2] allow calculating the: 

 Ram hardness [Kg] according to:    													 . 1   

Where: 

 n is the number of hammer blows; f is the drop height [cm]; H is the hammer weight [kg]; 
p is the penetration depth [cm]; T is the weight of the ram [kg] 

 Ram Resistance [N] according to:  ∗ 								 . 2  

Where: 

RN is the Ram harness [kg] (1) and g is the gravitation [m/s2] 

 Integrated ram hardness [kg*cm] according to 	 	 ∗ 	 			 .		 3  

Where RN is the Ram hardness [N] (eq. (2)) and p is the penetration depth [cm] 

These measurements were made with a distance of 10 meters between points of 
observation.  

Hardness observations of the snowpack are not only important for snow studies 
of this type, but also, for verifying risk for avalanches in mountain regions. If snow layers 
above a layer with some partially melt or slippery ice exists, it will act as lubricant making 
the adjacent snow layer to slide along it. These tests in mountain regions can help to 
save many lives and material goods (Bader and Kunz, 2000) 

 

2.4. Theory of physical characteristics of deposited snow 
It is presented a table containing the main physical characteristics of the 
deposited snow according to the (The international classification for seasonal 
snow on the ground, 2009) and for which this study contains data:  
 
 
Table 1. Physical characteristics of deposited snow used in this investigation 

Characteristic Units 
Grain size mm 

Snow density kg m-3 

Snow hardness Depends on the instrument 
Snow temperature ºC 

Layer thickness cm 
  

                                                            
4 Ram penetrometer‐ The ram is a heavy instrument used on snow research that provides information 
about the snow hardness and resistance to its penetration. 



13 
 

2.4.1. Grain size 
 

The classical grain size of a snow layer is the average size of its grains. A grain 
or particle is measured in millimeters [mm], and can be expressed by using the terms in 
the Table 2. Note that grain size must be regarded as a property of the snow layer and 
not of the grain shape. There are different conventions for snow grain size naming, but in 
this investigation was used Abisko Scientific Research Station (ASRS) nomenclature 

 
Table 2. Snow grain size nomenclature used as Abisko Scientific Research Station (ASRS) and 
Swedish translation with respective ASRS suggested grain size 

English term Swedish nomenclature 
used in this investigation 

Size (mm) 

Flakes Flingor,fjun, dun 0.5-1,5 
Flour Mjöl <1.0 

Semolina Mannagryn 1.0-2.0 
Rice grain  Risgryn 2.0-5.0 

Peas Ärtor 5.0-8.0 
Nuts Nötter >8.0 

 
 From the grain size on the field, it is easy to place some snow sample on a plate 
that has a millimeter grid. Both average size and maximum are then estimated by 
comparing the size of the grains with the spacing of the grid lines on the plate (Fierz-
Baunach, 2000). 

 

2.4.2. Snow density 
 

Density, i.e., mass per unit volume [kg/m3], is normally determined by weighing 
snow of a known volume. Sometimes total and dry snow densities are measured 
separately. Total snow density includes all constituents of snow (ice, liquid water, and 
air) while dry snow density refers to the ice matrix and air only (DeWalle et al, 2008). 

Note that an alternative method to measure density in the field is by taking 
advantage of the dielectric properties of snow (Denoth, 1989; Mätzler, 1996). 

This kind of measurement of density used in this study is done by using a snow 
fork which determines the density and wetness profiles of a snowpack with a single 
measurement. The snow fork is based on the measurement of the dielectric properties 
(real and imaginary part) of snow around 1 GHz frequency. Due to the open structure of 
the resonator, the measurement is non-destructive. Automatic measuring equipment 
guarantees instantaneous results that can be recorded in the field. (Tiuri-Sihvola, 1986). 
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The Finnish snow research group field (Tiuri-Sihvola, 1986), found the following 

relations explaining the dielectric properties of snow: 
′ 1 1.7 0.7 																																																			 . 4  
∆ ′ 0.10	 0.80 																 . 5  
′′ 0.10 0.80 																																									 . 6  

            	 																																																																										 . 7    
    ′ 		; 	 88 	9,8		 	1	 											 . 8       
  
Where: 
 
 ′  is the real part of the permittivity of dry snow, [F/m] 
′  is the real part of the permittivity of snow, [F/m] 
′′  is the imaginary part of the permittivity of snow, [F/m] 

 is the complex permittivity of water with ′  and ′′  being the  real and imaginary 
parts, respectively, [F/m] 

 is the “dry density" of snow relative to the density of water, (the density of snow when 
all liquid water in it is replaced by air), [kg/m3] 
W is the wetness by volume, is a ratio between 0 and 1. 

 is the density of wet snow, [kg/m3] 
 
It is possible to calculate the density of the each layer contained in the snowpack by 
using the dielectric properties of the snow and water content given on eqs. (4) to (8). 
 

2.4.3. Snow hardness / Grain compactness 

Snow hardness is defined as the resistance to penetration of an object into the 
snow. Hardness measurements produce a relative index value that depends on both the 
operator and the instrument. Therefore, the device has to be specified. A widely 
accepted instrument is the Swiss ram sonde. Using this instrument, ‘ram resistance’ is a 
quasi-objective measure of snow hardness in Newton [N] (The international classification 
for snow on the ground, 2009). 

De Quervain (1950) introduced a hand test with five steps that he assigned rather 
intuitively to ram resistance ranges. The test uses objects of decreasing areas. For any 
single layer of the snowpack, hand hardness index corresponds to the first object that 
can be gently pushed into the snow, thereby not exceeding a penetration force of 10–15 
N. The hand test is a relative, subjective measurement. It is thus suggested that 
operators ‘calibrate’ themselves against colleagues or against another snow hardness 
measuring instrument such as the ram sonde (The international classification for snow 
on the ground. 2009). 

Table 3 shows de Quervain’s ranges adapted to today’s use. Note that recent 
studies including the hand test almost exclusively use the hand hardness index as a 
reference value. In table 3 is also shown the Swedish nomenclature used in this 
investigation. Of course the range of the values may vary according the operator and 
ram used. Different English nomenclature can be used. 
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2.5. Sámi snow terms 

Another approach of this work is to name and analyze some types of snow found on 
the layers of the snow pits, according to the Sámi snow categories. The snow Sámi 
terminology is  described on table 7:  
 
Table 4. Sámi snow categories which might be found on the snow pit samples. Main informants: 
NilsTomas Labba, Gustav Labba (Saarivuoma). Erik Anders Niia, Håkan Kuhmunen (Gabna), 
from Jan Åge Riseth 2010, Sámi traditional ecological knowledge as a guide to science: snow, ice 
and reindeer pasture facing climate change. 

Snow Category Snow properties 

1.  Bihci 
‘Thin layer of icy frost on vegetation, 
ground, vehicles, windows, etc.’ 

2. Gutna /guohtum ‘Ash snow’ or ’powder snow’ 

3. Vahca ‘New loose snow’ 

4. Seaŋaš 
‘Granular snow at the base of a layer of 
snow or most of the snow pack’, or ‘depth 
hoar’ 

5. Skoavdi 

‘Thin layer of snow with an “air pocket” 
between snow and ground’. Appears at 
the end of winter and the beginning of 
spring. 

6. Ceavvi 

‘Hard-packed or hard-compacted snow’ 
developed during heavy snowfalls under 
relatively high temperatures and 
compressed by later snowfall‘ (Eriksson, 
1976; Pruitt, 1979). 

7. Čearga ‘Hard snowdrift’ 

8. Geardni ‘Thin crust on top of snow pack’ 

9. Cuoŋu ‘Hard crust on snow’ 

10. Moarri 

‘Sharp, non-bearing crust which may 
damage reindeer feet’. CuoNu can turn 
into ‘moarri’, i.e. a hard snow cover starts 
to get softer, but when it re-freezes it is 
transformed into sharp crust. 

11. Sievlla 
Wet, non-bearing snow in spring 
(April-May)’ 

12.  Suovdnji Feeding crater 

13. Fieski 
‘Area where grazing has occurred‘(slightly 
to moderately packed snow) 

14. Čiegar 
‘Area where a grazing herd has been for a 
longer period’ (moderately to completely 
packed snow) 

15. Čiegargovvi 
‘Large area where grazing has occurred 
several times over a long period’ 
(completely packed to ice-covered snow) 

16. Bodneskárta/ Bodnevihki/ Skilži 
Ice on the ground encapsulating plants and 
lichens 

17. Jlekŋa Ice 

18. Gaskageardni ‘Crust in the middle of the snow pack’ 

 
 
 
 
 
 

 



17 
 

2.6. Satellite data achievement  
 

This section of the investigation deals with information about the visible surface of 
snow, near the region of study (Järämä). Through the analysis of these data it is possible 
to evaluate if the snow is fresh or old by analyzing the surface reflectance or the snow 
albedo. 

Data from early season of snow fall to later spring are taken, and it is therefore 
possible to have an idea of how the snow cover and snow structure developed during all 
the winter, being able to do a comparison between snow inner structure properties and 
satellite observations. 

The data were taken from NASA Reverb website: http://reverb.echo.nasa.gov, from 
the tile number 18 (60º to 70º N in latitude and longitudes varying between 0º and 27ºE 
on the upper corner and 0º and 20ºE on the lower corner) with two types of analyses 
made: snow albedo daily data, (only every second day data has been taken) and also 8 
days surface reflectance data, both products of MODIS satellite. This satellite has been 
chosen due to its frequent earth cover and good grid of 500 meters resolution, enabling 
a good control of the snow conditions in the pixel closer to the campaign location. A 
conversion from HDF to GeotiFF was necessary and the intended pixel was chosen 
according to coordinates of Järämä- 68º21’40N; 21º02’19’E 

Unfortunately neither of both satellite data sets can take images from Järämä region 
from early November until the beginning of February due to the darkness in the region, 
during the polar night. Therefore there is a lot of missing data during that period. 
Nevertheless an analysis of the remaining period could be done. 

MODIS/Terra Snow Cover Daily L3 Global 500m Grid Version 5 (MOD10A1), this 
product has the following specifications:  

 (MOD10A1) contains snow cover, snow albedo, fractional snow cover, and Quality 
Assessment (QA) data in compressed Hierarchical Data Format-Earth Observing 
System (HDF-EOS) format along with corresponding metadata. MOD10A1 consists of 
1200 km by 1200 km tiles of 500 m resolution data gridded in a sinusoidal map 
projection. MODIS snow cover data are based on a snow mapping algorithm that 
employs a Normalized Difference Snow Index (NDSI) and other criteria tests. The data 
are stored in HDF-EOS format. (National Snow and Ice Data Center) 
(http://nsidc.org/data/docs/daac/modis_v5/mod10a1_modis_terra_snow_daily_global_50
0m_grid.gd.html) 

The only property that makes sense using in this study is therefore the snow albedo, 
which allows analyzing the variations of snow surface structure along the time in the 
place of the campaign. 

Table 5 summarizes the snow albedo tile values meaning: 
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Table 5. Snow albedo tile values attributes (National Snow and Ice Data Center) 

Value Description 

0-100 = snow albedo in percent 

101 = no decision no decision 

111 = night darkness, terminator, or polar night 

125 = land snow-free land 

137 = inland water lake or inland water 

139 = ocean open water 

150 = cloud cloud obscured 

250 = missing data missing 

251 = self_shadowing self shadowing 

252 = landmask mismatch landmask mismatch 

253 = BRDF_failure 
Bidirectional Reflectance Distribution 

Function failure 

254 = non-production_mask non-production mask 
 
 Data containing values different from (0-100%), were deleted because they either 
contain land, polar darkness (from early November to early February), indeterminations, 
data missing or in many cases clouds, which makes it impossible to analyze. 

 Surface reflectance data were acquired to complement and compare with snow 
albedo. The product also belongs to MODIS satellite, and gives information about the 
surface reflectance. It contains the reflectance ratio of the surface (amount of the 
incoming radiation which is reflected back by intercepting the Earth surface). The 
resolution is 500 meters as in the previous product, and contains 8-day storage method. 

The product name is: Surface Reflectance 8-Day L3 Global 500m (MOD09A1) 
which has the following characteristics: The MODIS Surface Reflectance products 
provide an estimate of the surface spectral reflectance as it would be measured at 
ground level in the absence of atmospheric scattering or absorption. Low-level data are 
corrected for atmospheric gases and aerosols. 

MOD09A1 provides Bands 1–7 at 500-meter resolution in an 8-day gridded level-3 
product in the Sinusoidal projection. Each MOD09A1 pixel contains the best possible 
observation during an 8-day period as selected on the basis of high observation 
coverage, low view angle, the absence of clouds or cloud shadow, and aerosol loading. 
Science Data Sets provided for this product include reflectance values for Bands 1–7, 
quality assessment, and the day of the year for the pixel along with solar, view, and 
zenith angles. (Land Processes Distributed Active Archive Center) 
https://lpdaac.usgs.gov/products/modis_products_table/mod09a1 

Table 6 contains information about the wavelength of each band captured by the 
satellite as well as the factor which the values should be multiplied to obtain the surface 
ratio.  
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Table 6. Science Data Sets for MODIS Terra Surface Reflectance 8-Day L3 Global 500m SIN 
Grid V005 (MOD09A1):  (Land Processes Distributed Active Archive Center) 

Science Data Sets 
(HDF Layers) 

UNITS (0-1) VALID RANGE MULTIPLY BY 
SCALE FACTOR 

500m Surface 
Reflectance Band 1 

(620–670 nm) 

Reflectance -100–16000 0.0001 

500m Surface 
Reflectance Band 2 

(841–876 nm) 

Reflectance -100–16000 0.0001 

500m Surface 
Reflectance Band 3 

(459–479 nm) 

Reflectance -100–16000 0.0001 

500m Surface 
Reflectance Band 4 

(545–565 nm) 

Reflectance -100–16000 0.0001 

500m Surface 
Reflectance Band 5 

(1230–1250 nm) 

Reflectance -100–16000 0.0001 

500m Surface 
Reflectance Band 6 

(1628–1652 nm) 

Reflectance -100–16000 0.0001 

500m Surface 
Reflectance Band 7 

(2105–2155 nm) 

Reflectance -100–16000 0.0001 

 

Table 7. MODIS Spectral bands key use info from (Land Processes Distributed Active Archive 
Center) https://lpdaac.usgs.gov/products/modis_overview 

BAND number RANGE Reflected [nm] KEY USE 
1 620–670 Absolute Land Cover 

Transformation, Vegetation 
Chlorophyll 

2 841–876 Cloud Amount, Vegetation Land 
Cover Transformation 

3 459–479 Soil/Vegetation Differences 
4 545–565 Green Vegetation 
5 1230–1250 Leaf/Canopy Differences 
6 1628–1652 Snow/Cloud Differences 
7 2105–2155 Cloud Properties, Land Properties 

 

Table 6 contains the main use and properties observed by each one of the satellite 
bands. Bands 6 and 7 are mainly used to distinct between clouds and surface properties 
do not allowing the investigation of differences between the surface properties and 
consequently are not useful for this study. These 2 bands are represented in a distinct 
plot (figure 27b) because of no agreement with other band properties since they operate 
in a region with infrared spectrum. Band 6 operates between 1628-1652 nm and band 7 
works between 2105-2155 nm. Bands 1 to 4 gave the best agreement about pixel 
surface reflectance variation as it is possible to observe in figure 27 a). Band 5 (1230-
1250 nm) and Band 2 (841–876 nm) operate on the near Infrared region 
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First of all, in some of the measurements some snow density and temperature data 
were missing, therefore the figures only contain the available data. 

In figures 8.a) and b), on the y-axis is represented the snow depth and each color 
represents one layer property, for example the grain size 8.a) or the snow hardness 8.b) 
whereas in the x-axis the corners of the square are represented. Each bar contains the 
information about the snow layer (in order as the snow fall occurred, older snow in the 
bottom of the bar and more recent on top). On figure 8 c) is shown the temperature [ºC] 
of the snow layer pack (y- axis), variation with the snow depth [cm] (x-axis). 

Smaller grain size are usually related to harder snow, for example flour size (<1 mm) 
on figure 8.a) is correspondent to dense snow on 8.b) and vice versa. 

Some layers of ice present in the snowpack might mean episodes of melting during 
that winter, which will be analyzed later in the report.  In the bottom layers of all the 
corners of the square 1, was found the presence of the bigger size (rice grain) and tinier 
grain in top layers. 

Concerning the temperature distribution in the snowpack, the snow on the top layers 
are extremely dependent on the air temperature, as it is possible to observe in figure 8 
c). After 25 cm depth the temperature starts increasing, reaching, on the bottom layer, 
almost -4ºC, which informs that a snowpack is a good thermal isolator.  

In figure 9 is represented the snow depth measured along all the sides and diagonals 
of the square number 1 with an interval of around 10 m between measurements, 
allowing creating a  3D picture of how the snow depth pattern varies on the 3rd of March 
2009 in the square 1. 

 

Figure 9. Snow depth in the “square 1” in the 3rd of March 2009 

In figure 9 can be visualized that the snow is deeper near corners number 3 and 4 
reaching (60 cm) near corner 3  on the right side of the figure and shallower on the 
corner 1 (20 cm) and 2, on the left side of the figure. The explanations for this fact might 
be the wind sweeping the snow on the wind direction against the ground topography 
where it finds some obstacles, making it deeper on those regions.  

Square number 2, is located in an area close to a reindeer fence. During the 
afternoon, around 15h00, it was windy with snow drift and tiny snowflakes in the air.  
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Figure 11. Snow depth in the “square 2” on the 3rd of March 2009 
 

Figure 11 shows deeper snow in the corners 3 and mainly 4, and shallower next 
to the corners 1 and 3, having two particular really deep accumulation points (around 90 
cm). This fact might be related to the existence of a depression in the ground topography 
and therefore accumulate all the removed snow from neighbor zones due to wind 
conditions. It can also accumulate melting snow and ice formation from the neighbor 
regions. To make a real snow depth measurement, the topography is really important. 
To perform snow depth measurements, a region without depression or obstacles should 
be selected, for example a football field. 

In figure 12 the snow properties on the 4th of March for the square number 1 are 
represented. As additional information it is known that the sunny was shining and there 
was only a light breeze. An irregular ice layer (“Bodni-vihki/Bodneskardan”) i.e. a type of 
ice encapsulating the plants avoiding the access of the reindeers to the food causing 
also stomach problems to the reindeers (table 4) was found on the ground. 
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Figure 13. Snow depth in the “square 1” on the 4th of March 2009 

In this 3-D representation, on the contrary of what is observed in the previous 
squares, there is an irregular distribution of the snow depth. The snow depth is not 
bigger in one of the sides of the square, which might mean a protected zone from the 
winds and an irregular ground with holes and small hills. 

On the 5th of March 2 profiles were made with 300 meters in lenght (one in the 
morning and another in the afternoon), instead of squares  and same kind of snow 
properties were collected. 

The first profile was made in a dead birch type forest, devastated by the insect 
“Epirrata autumnata”. On the 3rd snow pit, at 200m distance from the beginning was 
found also irregular ice on the floor. 

Figure 14 represents all the snow characteristics of the profile number 1, on the 5th 
of March: 
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may be caused by more regular ground topography and also to lighter wind sweeping 
snow in the local. 

Concerning the snow grain size, and as the other locations, the smaller grain size 
was found on the top of the snowpack (semolina, flour or flakes) (figure 15 a), and the 
bigger sizes peas and rice, are on the bottom of the pack. Around the depth of 40 cm 
counting from the bottom, an ice layer was found at all the observation points. 

If the snow grain size and snow compactness are compared, differences compared 
to the other observation locations can be identified. The smaller grain size corresponds 
to very loose or loose snow (figure 15. b)) which is the opposite of the other locations. 
Rather dense compactness is found where peas and rice grain is present, which does 
not agree with previous observations. In this profile the snow density increases with the 
depth (figure 15. d)). On the top layers exists less dense snow, and the snow density 
only increases until around 30 cm depth. Deeper than this, the density is kept 
approximately constant. 

Finally the snow temperature varied from snow pit to snow pit, according to the hour 
of the measurement. The higher temperature recorded was on the air and it decreased 
until the 20 cm depth reaching around -7ºC, starting then increasing again until the 
bottom of the snowpack reaching around -3ºC in 2 out of 4 points of observation (See 
figure 15. d)). This fact might be related to the fact of the temperatures had been 
recorded in the afternoon, with higher air temperatures. 
 

3.2.  Relationship between some snow characteristics found in the     
investigations  

Data from all the measurements sites containing the ram resistance (RR) [N], ram 
hardness (RN) [kg], and also Integrated Ram hardness (IRH) [kg*cm] were taken, and 
are theoretically explained on section theory and method, subsection 2.2.3.  in the 
equations (2), (1) and (3), respectively. 

Many different observations of IRH have been made around all the corners of the 
square number 1. However, there are very different values of IRH and density around 
the same corner. In figure 15 these variations are represented by the standard deviation 
of mean with help of error bars. 

In the profile number 1 density measurements are missing and that’s why no figure is 
presented. 

In figure 16 the relationship between the density of each corner of the profile number 
2 and the integrated ram hardness on the 3rd of March 2009 is summarized.  
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density observations. Corner 4 had the highest density, and as it is possible to observe 
the density increases from the corner number 1 to the corner 4, having a bigger standard 
error of mean in the corners 3 and 4. 

In figure 10 a) b) and d) can be observed that corner 3 had a smaller grain size with 
compact and rather dense snow. On the topper layers of snow was verified a high 
density, around 600 kg/m3, which was the highest measured on that square. On that 
corner there was a missing density layer value, which can always contribute to alter the 
final result, and constitute of course a source of error. It is always necessary to keep in 
mind that some layers have missing values of density, which alter the quality of the 
relationship, it is also necessary to refer that the penetration in [cm] obtained with 
penetrometer is very different from the visual one made on the snow pit. Figure 17 
contains data taken in the square number 1, on the 4th of March. 

 

 

Figure 17. Integrated ram hardness vs density with standard error of mean in the “square 
number 1”, on 4th of March 2009 

 The place is called “Paskesoaivi”, with landscape vegetation type “heath,” and the 
vegetation “Betula nana-Empetrum heath”. It is clearly seen that the averaged density 
over the snowpack is higher on corners 2 and 4, and slightly lower at corner 1. This fact 
agrees with the IRH, being also the lowest (670 kg*cm) at the first corner. At corner 2 is 
found the highest IRH value of all the squares and profiles, reaching 1650 kg*cm. Where 
the highest IRH was found (corner 2), the compactness characteristics are compact, ice, 
loose and very loose (figure 12. b)) which is a bad correlation with IRH found there. 
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 The next place of measurements was a profile number 1 with 300 meters long on 
a place called “Jåvlamaras” on the morning of the 5th of March. The landscape 
vegetation type was birch forest but the vegetation found at the place was “Empetrum-
Vaccinium type and Deschampsia fleuxuosa”. 

 

 Figure 18. Integrated ram hardness vs density with standard error of mean in the 
profile number 1, on the 5th of March 2009 

 

The density for the point number 2 was not determined, but it is possible to notice 
that there is a relation between the density and the IRH from the point 1, 3 and 4. There 
is a decreasing trend from point 1 to 4 in both quantities. It is also visible the smaller 
standard error of mean, which might mean that in this profiles the quality of compactness 
and ram hardness data was slightly better. By analyzing again figure 14 b), besides the 
deeper snowpack on the first point of observation (around 75 cm), this point contains a 
lot of different layers dense, very loose, dense, ice, rather dense, ice, and loose layers 
starting from the top layer to the bottom. When compared with point 3 that mostly 
enclose loose and not dense layers, might be the reason why density and IRH are higher 
on the point 1.  Also on figure 14 d) a clear higher density along almost all the profile 1. 

Finally in the last profile (5th of March afternoon, profile 2) data is taken behind a 
house, allowing having more stable snow depth along the profile. The landscape 
vegetation was also “Birch forest” and the vegetation type found was “Betula nana-
Empetrum  type”. 

Figure 19 shows the best correlation between the density and the IRH among all the 
squares and profiles.  
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Figure 19. Integrated ram hardness vs density on profile number 2, on the 5th of March 2009 

The density is higher when the IRH is also higher, although the standard error of 
mean is also high on the most of the points, nevertheless a quite good agreement 
between both is observed. Looking at figure 19, it is noticeable that point 3 has the 
highest IRH and density. In figure 15 b), at the same point of observation, “large cavities” 
hardness was not found. This type of snow was located on the bottom layer in all the 
other points of observations. The absence of this type of snow may increase the 
hardness average of all the snowpack in the region and therefore also the density. In 
that point was also found hard or dense snow in a bigger extent than in the other points 
of analysis. In point 2, on the other hand, the most soft and less dense snow was found. 
When observing 15 b), point 2 has the theoretically more soft or less dense snow, as it 
just contains very loose and loose snow and a small layer of ice.  

Analyzing figures 16 to 19 is hard to find a relation between IRH and density.  The 
locations of the measurements where weather conditions, topography can change are 
among the factors that can alter this relation. Figures 18 and 19 show a most accurate 
correlation between both quantities.  

In the following figures general characteristics of the snow, will be analyzed. The 
methodology is to take data from all the squares and profiles, in order to find relation to 
the property of snow. Figure 20, shows a scatter plot between the hand hardness index 
(HHI) and the ram resistance (RR).  

HHI was defined by taking the Swedish terms present on the snow protocols and 
assigning numbers to them with increasing hardness as in table 3 (1- stora hålrum 2- 
mycket lucker 3- lucker 4-tämligen tät och dense 5-compact 6- is), or in English (1- big 
cavities 2- very loose 3- loose 4-rather dense and dense 5-compact and 6- ice). 
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Figure 20. Scatter plot with the relationship between average visual hardness and the average 
ram resistance 

To perform this figure was necessary to average all the HHI (defined in the previous 
page) data from all the layers of the corners and all the points, to be able to compare 
with the ram resistance which is a measure of the full snowpack.  

It is noticeable that when the average hardness index increases the average ram 
resistance also increases. Nevertheless some points are really out of the linear 
regression found with the least squares method, the norm of residuals is 179.93. The 
relation presented on the graph tells that, for example an AVHI of 4 for example, has a 
correspondent average RR of approximately 100 N. 

Figure 21 summarizes a relationship between the density and the grain size, and in 
order to get more accurate results, it was necessary to separate the data from the 
squares and from the profiles because these two places presented really different 
results. The “square” measurements presented a decreasing trend of density with 
increasing grain size, while the “profile” measurements show an increasing density with 
increasing grain size. Larger snow grains should have lower density once big cavities 
are usually found between the grains. The density and IRH agreed with each other as it 
is possible to observe on figures 17 and 18.  
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Figure 21. Scatter plot with the relationship between the grain size and density with data from all 
the squares 

The information contained on this scatter plot (figure 21) is from all the layers of all 
the corners of all the squares from the 3rd and 4th of March, where was possible to find 
both: grain size and density at the same point of measurement in order to have 
comparable information. 

The grain size was manually interpolated between the intervals that were given: 
peas (5.0-8.0 mm), rice grain (2.0-5.0 mm), semolina (1.0-2.0 mm), flour (<1.0 mm) and 
flakes (0.5-1.5 mm), according to the Abisko Scientific Research Station (ASRS). 

Observing figure 21 it is noticeable a descending trend on the density with 
increasing grain size, which makes sense due to more empty spaces between the snow 
grains. It was possible to calculate a linear regression with least squares method which 
is represented in the upper right corner on figure 20, and from that relation, for example 
a snow grain with 5.5 mm will have a density of around 370 kg/m3  and with 0.1 mm will 
have a density of 530 kg/m3 approximately. The norm of residuals in this case was 
264.51. 
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Figure 22 summarizes the information about the profiles performed on the 5th of March.  

 

Figure 22. Scatter plot with the relationship between the grain size and density with data from 
the 2 profiles 

It is clearly visible the difference on the data when compared to figure 21 (squares 
information), and that was the reason to separate the two data sets. The norm of 
residuals is much bigger in this case: 486.85 when compared to the figure 21 (229.63), 
which means the data of grain size have probably not the same quality as in the previous 
set concerning the grain size. As it was already referred, makes more sense bigger grain 
size corresponding to lower densities and not the opposite. With this linear regression a 
particle of 5.5 mm will have a density of 460 kg/m3, instead of 370 kg/m3 (previous linear 
regression). 

 

3.3. Sámi snow terms investigation 

The next part of this investigation tries to correlate some Sámi snow terms with the 
Abisko Scientific Research Station (ASRS), mainly the snow size and compactness but 
also with density. 

To perform this kind of graphs, the snowpack was divided in 3 major parts: the top 
layer, middle layer and bottom layer, which can vary in extension from case to case. The 
protocol consists on taking each point of snow pit done, investigating the 3 layers, 
concerning the thickness and type of Sámi term found on the majority of that layer. 
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Starting analyzing figure 23 a), on the bottom of the snowpack it is found the Sámi 
term “Seaŋaš” which occupies around 17 cm of the snowpack on corner 1, then with 
around 2 cm thickness is found “Gaskageardni”, and on the top layer around 17 cm of  
“Čearga”. Looking at figure 8 a), a visible correlation between of the “Seaŋaš” with peas 
and rice grain size can be noticed. When compared to the Sámi definition which is 
“Granular snow at the base of a layer of snow or most of the snowpack” (table 4), makes 
a lot of sense, since it is find in the bottom of the snowpack and has granules because is 
coarse and comparing with the compactness/hardness figure 8 b) can be seen loose 
snow, which mostly agrees with the definition. In the middle of the snowpack is found 
“Gaskageardni” meaning “crust in the middle of the snowpack” (table 4) and it is 
noticeable a smaller layer with dense or compact on figure 7 b) agreeing with the crust 
layer. The grain size found is rice, not as small as expected, but must be remembered 
that this kind of measurements are subjective. Finally on the top of the layer is found 
“Čearga”, consisting on “hard snow drift”, with semolina snow size, and being a compact 
layer, this is, small grain size and that was very compacted by the wind force, agreeing 
with the snow Sámi term description. 

On corner 2 the total snow depth is lower but the same Sámi terms are found, 
although with different layer thickness. The same type of grain size is found, but with a 
small difference in the top of the layer where flour size and ice is found. The 
compactness and hardness are also different, where it was found compact is now rather 
dense or medium (see figure 8 b) corner 2.  

On Corner 3 the same type of properties are found with higher snow depth and 
loose and rather dense snow on the bottom layers (until 27 cm from the ground). These 
type snow corresponding to “Seaŋaš” description. The snow grain size is semolina and 
rice grain, and a layer of ice hardness corresponding to “Gaskageardni”. In the upper 
layers is found dense and rather dense snow which agrees with “Čearga”, definition. 

Finally on corner 4 is found a new Sámi snow term “Bodnevihki/ Bodneskárta”, 
which means “Ice on the ground encapsulating plants and lichens” (table 4), this layer is 
definitely found on the bottom of snowpack and therefore close to the ground, which has 
just few cm thickness, the snow size find in this region is rice grain, which does not fit at 
all with the description, but at least the hardness is compact, being more correlated to 
the description. The rest of the corner just contains “Seaŋaš” in the most of the extent 
and 1 cm of “Čearga”. In the “Seaŋaš” layer is found just semolina size and the hardness 
is loose and dense at same time in the region, which is not so coherent. It has to be said 
that the layer of Sámi term are only an average of some layers, not corresponding 
exactly to the same layer on the hardness investigation. 

Observing figure 23 b) and figure 10) a) and b) can be said that the snow Sámi 
terms present on the square number 2 on the 3rd of March corner 1 have exactly same 
structure as in the figure 23 a) so there is not much to be said. Peas size is found on the 
“Seaŋaš” section with very loose or very coarse snow. On the middle part is found 
“Gaskageardni/ Gaska muhota”,  corresponding to rice grain  and a thin layer of ice on 
the most of it and rather dense and ice hard on the compactness property. The top layer 
contains “Čearga”, which corresponds to semolina grain size and the compactness is 
dense of the top the pack which agrees with the hard snowdrift. 

Corner 2 contains in 90% of the pack “Seaŋaš” except in top layer where is found 
only “Geardni” meaning “Thin crust on top of snowpack”. On “Seaŋaš” section is found 
peas, rice grain and mostly semolina as grain size and very loose on the first cm of layer 
and then rather dense. On the “Geardni” section is found flour and flakes, which is very 
small and agrees with a crust of ice on the layer and is indeed found on the top layer. 

Corner 3 contains Seaŋaš”  in the bottom, “Gaskageardni” in the middle, and 
“Čearga” on the top layer corresponding to rice grain, semolina and flour, respectively as 
grain size and to rather dense on the two bottom layers and to compact on top layer 
which can be a quite good agreement with the snow Sámi terms. 

Finally on corner 4 there is a thin layer with “Bodnevihki/ Bodneskárta” on the 
bottom, a layer with “Gaskageardni” on the middle and “Čearga”on the top layer. This 
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structure is similar to the structure of corner 3 excepting the thin bottom layer with 
“Bodnevihki/ Bodneskárta”. There is an ice thin layer on bottom semolina and rice grain 
in the middle layer and finally flour on the top layer (similar to corner 3). The 
compactness was set as ice in the bottom layer (perfect agreement), rather dense and 
dense on the middle layer and dense in the top layer, so in this case there was a good 
agreement between the observations and Sámi terms. 

On figure 23. c) and figure 12. a) and b) are shown the Sámi snow terms, the snow 
grain size and the hardness/compactness of snow, respectively for the 4th of March.. 

Starting analyzing the corner 1, on the two bottom layer is found “Seaŋaš”, and 
“Geardni” in the top layer, which corresponds to rice grain and semolina on the 2 bottom 
layers and ice and small flakes on the top. Concerning the hardness is rather dense and 
very loose on the bottom layers and containing ice on the upper one. 

On corner 2 is found “Seaŋaš” in the bottom layer “Gaskageardni” in very thin layer 
and finally the top layer contains “Čearga” with peas, rice grain and semolina grains size 
respectively and very loose, loose and compact hardness are find respectively which is a 
good agreement with density increasing from the bottom to the top layer. 

Corner 3 shows a new type of snow Sámi term on the bottom layer: “Fieski/ Čiegar” 
which actually are two different types of snow that can be described by: “Area where 
grazing has occurred‘(slightly to moderately packed snow)” and “Area where a grazing 
herd has been for a longer period’ (moderately to completely packed snow)” (table 4), 
which corresponds to peas grain size and to compact snow agreeing with the 
description. On the rest of the corner is found the already known types: “Seaŋaš” and 
“Čearga”, on the middle and top layers respectively, where the found grain size is rice 
and semolina respectively, and the snow hardness is compact on the bottom, very loose 
and loose on the middle layer and finally compact again on the top layer, consisting on a 
good agreement to the Sámi terms description. 

Corner number 4 includes on the bottom “Bodnevihki/ Bodneskárta”, “Seaŋaš” as 
middle layer and “Čearga and Gaska-geardni” on the top. The snow grain size is 
respectively semolina, rice, and ice and flour, counting from the bottom to the top, which 
agrees with the Sámi terms except the semolina that should be ice, once 
“Bodnevihki/Bodneskárta” describes ice encapsulating the plants. On the bottom a layer 
with compact snow is found, on the middle layer is found loose snow and in the top layer 
dense snow is found.  The compactness agrees with Sámi terms description (hard snow 
and small crusts in the middle of the snowpack). 

In figure 23 d) and figure 14 a) and b) the snow Sámi terms, the snow grain size and 
the compactness/hardness, are respectively represented during the 5th of March on the 
profile 1. 

In the point of observation number 1 is present a really thin layer with 
“Bodnevihki/Bodneskárta” followed by “Seaŋaš” and layer with a mix of “Ceavvi/Ganska-
geardni/Seaŋaš” , where “Ceavvi” was not described yet, but means “Hard-packed 
or hard-compacted snow” developed during heavy snowfalls under relatively high 
temperatures and compressed by later snowfall‘ (Eriksson,1976; Pruitt, 1979)”, (table 4) 
this layer contains semolina and some ice regions as grain size and very loose, dense 
and rather dense snow with some layer of ice, which corresponds indeed to a very mixed 
layer where the “Ceavii” section corresponds to the most dense part which agrees with 
the description. On the top layer of this point is found “Čearga” with flour grain size and 
dense compactness that constitutes a good relation with Sámi term. 

At point 2 are found the same 2 layers in the bottom with peas and rice grain 
corresponding to the “Seaŋaš” and big cavities and rather dense compactness on these 
layers. On the top 2 layers is found “Ganska-geardni” and a mix of “Vahca/Čearga” 
where “Vahca” describes “‘New loose snow” (table 4). Rice grain and flour snow grain 
size with loose and very loose snow correspond to those layer. These results agree with 
the “Vahca” designation.  

Point 3 contains a structure easier to identify with 2 thick layers with “Seaŋaš” on the 
bottom and a mix with “Ganska-geardni/Seaŋaš” in the middle layer and thin layer of 
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“Vahca/Čearga” on the top, and to these layers, correspond rice grain, semolina and 
flour or smaller size respectively, the compactness is loose and rather dense occupying 
the “Seaŋaš” section. Loose and compact with some ice layer occupies the mix 
“Ganska-geardni/Seaŋaš” where probably the ice and compact layer corresponds to 
“Ganska-geardni” type. Finally the top layer contains flour and flakes and very loose 
snow having once more, a good relation to the Sámi description on the compactness but 
not in the grain size.  

Point 4 contains in the bottom a very thin layer of “Bodnevihki/Bodneskárta” and a 
thick layer (around 25 cm) of “Seaŋaš”. Then in the middle is found the mix “Ganska-
geardni/Seaŋaš”  and in similarity to the previous point a layer with “Vahca/Čearga”. On 
the layers closer to the ground are found rice grain and in the rest of the snow extension 
is found semolina sizes. The compactness in this point is loose on the 3 first layers 
counting from the bottom and very loose on the “Vahca/Čearga” section, proving that this 
mix always contains a very loose snow as described by Sámi terminology. 

The compactness is well correlated with the snow Sámi terms, while the snow grain 
size is very poorly related, as it was already referred. 

Figure 23 e) and figure 15 a) and b) represents the Sámi terminology and the grain 
size and compactness, respectively on the 5th of March afternoon, in the profile number 
2. 

Point 1 contains on the bottom layer “Seaŋaš”, a thicker mix of “Seaŋaš/Gaska-
geardni” on the middle layer and finally on the top layer there is a thin layer with 2 cm 
containg “Vahca”. On this point there is rice grain in the bottom, semolina on the 
“Seaŋaš/Gaska-geardni” layer and very small size on the top layer where “Vahca” is 
present. The compactness shows in the bottom a layer with large cavities which is not 
the most accurate description compared to the Sámi term. On the middle and top layer, 
the observed compactness shows very loose snow and small layer of ice corresponding 
very probably to “Gaska-geardni”, while very loose snow agrees with the “Vahca” 
description.  

Point 2 encloses a mix of “Seaŋaš/ Bodneskárta/ Bodnevihki” with “Bodneskárta/ 
Bodnevihki” being a very thin layer in the bottom layer and “Seaŋaš” on the other part. 
The middle part is all constituted by “Seaŋaš” and “Vahca” is presented on the top layer. 
On the bottom is found peas, semolina in the middle layer and ice and flour are found on 
the top layer. The compactness shows large cavities on the bottom layer, loose snow on 
the middle and very loose on the top. This fact shows a poor correlation especially in the 
bottom layer. Nevertheless that relation is good on the layer containing “Vahca” on what 
compactness concerns. 

On point 3 is present a big layer with “Seaŋaš” around 37 cm, with a small layer 
containing “Bodneskárta/ Bodnevihki” close to the ground. In the middle there is a mix 
between “Seaŋaš/Gaska-geardni” and, as in the previous points a top layer with “Vahca”. 
The snow grain size is respectively peas, semolina and flour from the bottom to the top. 
The compactness, which usually better correlates to the Sámi terms (at least on the 
profiles), shows us rather dense in the bottom, loose on the middle and very loose on the 
“Vahca” layer. 

Finally, in the last point 4, there is a very thick layer with “Seaŋaš” (42 cm) and then 
mix between “Seaŋaš/Gaska-geardni” as middle layer and as in the other points a upper 
layer with “Vahca”. The grain size is peas and rice grain for the “Seaŋaš” layer, semolina 
for the “Seaŋaš/Gaska-geardni” and small flakes for the “Vahca” layer. The compactness 
shows on the bottom big cavities and rather dense, loose on the middle layer and, as 
usual in this profile very loose on the top. 

The 2 last profiles present similar snow Sámi terms at the same relative position of 
the snowpack, while data from squares (days 3 and 4 of March) have more variety in the 
distribution. “Vahca” type of snow is the one with best correlation between the 
compactness and respective description. However the grain size on layers containing 
“Vahca” should be larger, because the compactness is low. Such fact might be related to 
recent snow fall once this type of snows is always on the top layer. 
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Table 8 summarizes Sámi snow term present on the area of investigation and respective 
most common grain size and compactness found in the investigation. 

 
 Table 8. Sámi snow categories correlation with snow grain size and compactness 

summary from data found in the snow pits. 
Sámi term More frequent grain size More frequent compactness  

Seaŋaš Peas; rice Loose; rather dense 

Gaskageardni Rice; semolina rather dense; compact 

Čearga Semolina; Flour Compact; dense 

Bodneskárta/ 
Bodnevihki 

Ice; semolina Ice hard;  

Fieski/Čiegar Peas Compact 

Ceavii Semolina  Dense 

Vahca Flour or even smaller flakes Very loose 

Geardni Flour or even smaller flakes Rather dense  

Gaska muohta            Semolina; rice Dense  

 

 
Figure 24. Density of the snow Sámi terms found in the investigation 
 
The snow Sámi terms presents are only a summary of all found in the 

investigation, where the most common was “Seaŋaš” and “Čearga”, they are also 
ordered as increasing density, this results also agree with the description given in table 
4. 
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3.4. Satellite data observations  
 

3.4.1.  MODIS/Terra Snow Cover Daily L3 Global 500m Grid Version 5  
 

In figure 26 is represented the evolution of the snow albedo during the winter season 
of 2008/2009. A lot of data is missing due the cloud cover and other factors. It is 
nevertheless possible to analyze them and have a perception about the snow albedo 
during the possible part of the winter season. A quality check was done: only values 
between 0 and 100 were kept.  

 Figure 25 represents an example of snow albedo distribution on tile 18 (covering 
a big part of Scandinavia). The tool used was MODIS/Terra Snow Cover Daily L3 
Global 500m Grid Version 5 where the pixel to be studied is represented with red 
color. 

 

 
Figure 25.  Example of snow albedo data taken from MODIS daily for the selected tile 
(number 18), and location of the pixel (red) on the 1st of March 2009 
 
 From the different intensities of blue in the picture can be concluded about the 
snow albedo in the region, where light blue indicates snow with higher albedo, for 
example. 
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Figure 26. Snow albedo (%) during the winter Season 2008/2009, according to MODIS/Terra 
Snow Cover Daily L3 Global 500m Grid Version 5 imagery 

 As it is possible to observe in figure 26, there is missing data during the low light 
period on the high latitudes. The missing data period starts in early November and 
finishes in early February (around 3 months). There are also many missing data due to 
cloud cover or other reasons, which obviously are not represented. The data 
represented only include the values of snow albedo (0-100%), because quality check 
was done. 
 Analyzing figure 26, the main features can be spotted: The first snowfall 
detected, occurred around the 15th of October (first snow albedo detected), after the 15th 
of October there was a period with a reduction on snow albedo which might mean a 
potential melting or no snow fall during that period. In the beginning of November there 
was a new increase of snow albedo, probably with recent snowfall which almost reached 
an albedo of 90%. After the missing data period there was a very high snow albedo 
(nearly 100%) meaning a very recent and bright snow in early February. Some days later 
there was a very dramatic decrease on snow albedo (to almost 60%), and during the 
days on study (3 to 5 of March) the snow albedo was around 80%. After this period there 
was a clear trend to decreasing snow albedo intensity, however with some relative 
increases (spring snowfalls). After the 18th of April, the snow albedo only decreased until 
early March, when the snow cover finally disappeared. 
 

3.4.2. Surface Reflectance 8-Day L3 Global 

 To be able to have more certainty about snow albedo variations and periods of 
contrast between old and fresh snow, the surface reflectance was also studied. The 
difference between these 2 products consists on frequency of data recording (daily on 
snow albedo case) and (best observation in 8 days on the surface reflectance). Beside 
that difference snow albedo only records the variation on the snow albedo properties, 
while surface reflectance contains information about all the surface contrasts: snow, 
water bodies, land, vegetation, and of course cloud cover. The surface reflectance 
(amount of the incoming radiation which is reflected back by intercepting the Earth 
surface) records a ratio (0-1 values)  

 It was downloaded the Surface Reflectance 8-Day L3 Global 500m during the 
day light period with a better observation during those 8 days interval. 
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 The chosen tile, this is the coverage area selected, is number 18, as shown on figure 
27. All the 7 bands of surface reflectance variations along the winter season 2008/2009 
were plotted on figure 27. 

 Figure 27.  Example of data taken from Surface Reflectance 8-Day L3 Global 500m in the 
selected tile (number 18), and location of the pixel (blue) on the 6th  of March 2009 

  

Figure 28. Surface reflectance ratio for the nearest pixel to (68.3610722 N; 21.03869444 E), 
interpolated with nearest neighbor method during the winter season 2008/2009, according to 
Surface Reflectance 8-Day L3 Global a) 5 first satellite bands 
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 Figure 28(Cont.) Surface reflectance ratio for the nearest pixel to (68.3610722 N; 
21.03869444 E), interpolated with nearest neighbor method during the winter season 2008/2009, 
according to Surface Reflectance 8-Day L3 Global b) Last 2 satellite bands 

As bands 2 and 5 work in near infrared region, they capture different surface 
characteristics contributing to have slightly different results from the other bands that 
operate on the visible region as it is possible to observe on figure 28 a), in special band 
5 is the most distant from the visible region. 
 The rest of the bands have similar results since they all operate on the visible 
spectrum Band 1 (620–670 nm); Band 3 (459–479 nm); Band 4 (545–565 nm), capturing 
absolute land cover transformations and soil vegetation changes which in principle, keep 
the necessary results (snow surface reflectance variation). Bands 1, 3 and 4 are the 
most approximate data that is possible to get to make an approximation to the snow 
albedo. 
 Focusing on figures 26 and 28 a) we can spot several similarities: The beginning 
of  data collecting on figure 28 is 2 days earlier than on figure 26, and it includes results 
from the period without snow on the ground, visible by a reflectance lower than 0.1 

Another important thing to keep in mind is that figure 28 only records the best 
observation in an 8 day period which makes some difference from figure 26. In figure 26 
are presented data with irregular time period intervals due to many cloudy days that 
make impossible the earth surface observation.  

The first snowfall occurs around the around 15th of October being visible for the 
value around 0.55 as surface reflectance (figure 28 a). 
After the first snow fall there is a reduction on the surface reflectance until 0.3, on the 
end of October, being followed by around 3 months without data due to the "night time 
period. 

During the autumn time (beginning of October to early November) there is an 
agreement between both figures 26 and 28 a) (snow albedo and surface reflectance 
observations). 

After that time there is very high surface reflectance around (0.85) on early 
February, noticeable on both figures. 

Then we can observe a decreasing surface reflectance ratio, almost until the 6th 
of March reaching 0.6, and, having afterwards a big increase setting a maximum on the 
22nd of March with 0.9 value of surface reflectance. 
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In the case of snow albedo these features are not detected, on the other hand 
there is a dramatic decrease in middle February followed by an increase and rather 
stable period with some relative maximum and minimum until the middle of April. 

On the end of the period (after middle of April) both satellite data agree that the 
snow albedo or surface reflectance ratio decrease until the beginning of May, when the 
snow completely melts. 

As conclusion it can be said that there is a relatively good correlation between 
both figures especially in the beginning and end of the period and the differences might 
also be caused by the different times of image capturing 

In order to study the variations on snow albedo and surface reflectance in more 
detail and what kind of snow occurred during the missing data period, the temperature 
and precipitation in Järämä region are investigated 

 
 

 
3.5. Temperature, precipitation and snow depth in Lapland area 
 

Temperature data from Karesuando and Kiruna and precipitation and snow depth 
only from Karesuando are investigated in this section. The temperature data is 
averaged between the 2 locations and assumed to be an approximation of “Järämä” 
region, once this is located between both. 

Data presented starts when the first snowfall took place and remained because it 
is useless to investigate the snowpack variation factors before a snowpack has been 
formed. The data recording starts on the 26th of October. 

On figure 29 are represented the temperature, precipitation and snow depth 
observation in the  last days of October 2008. 
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Figure 29. a) Temperature in Kiruna during October 2008 b) Precipitation and snow 
depth in Karesuando during October 2008 

In all the temperature plots, the black line shows the 0ºC which is the melting 
point of the snow that can help to identify melting periods of snow.   

On the 26th there was a snowfall which melted until the next day due to slightly 
positive temperature on the 26th and 27th (figure 29 a) and little snowfall amount (1 mm 
total). On the 27th there was 2.7 mm of precipitation which produced around 4 cm fresh 
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snow. That snow was compressed in the next day and not melted as we are lead to think 
due to the decreasing of snow depth. That fact can be proved by the negative 
temperature on the 4 last of the month. In the end of the month the snow depth was 2 
cm. 

  

Figure 30 a) Temperature in Järämä during November 200 b) Precipitation and snow 
depth in Karesuando during November 2008 

In November the most important factor was a big amount of final cumulative 
precipitation of around 45 mm, creating a maximum snow depth of only 30 cm in the end 
of the month. The last day in November had precipitation of 10 mm and that was only 
taken in account on the 1st day of December (figure 30.b). 

All the precipitation of this month was probably in snow form, because the snow 
depth always increased. The last 10 days of the month were special snowy, and there 
were no special episodes of melting, except slightly between the 3rd and the 5th where 
the maxima temperature of the day was positive, nevertheless the snow depth did not 
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decrease. As the temperature was close to zero some special metamorphism might 
occurred, contributing to a different and wetter type of snow. 

       

 

Figure 31 a) Temperature in Järämä during December 2008b) Precipitation and snow 
depth in Karesuando during December 2008 

During December the total precipitation was 40 mm, but sometimes on the form 
of rain, once the snow depth decreases predominantly during 18 and 20, and 25 and 29, 
which exactly coincides with the positive temperature period. There is a period without 
precipitation and with negative temperatures, when the snow depth decreases, which 
might be caused by snow compression or windy days, sweeping away snow from the 
measuring site. The snow depth reached the maximum of the season with 50 cm, on the 
14th of December.  
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Figure 32 a) Temperature in Järämä during January 2009 b) Precipitation and snow 
depth in Karesuando during January 2009 

 January can be identified as a very dry month with around 8 mm total 
precipitation, and therefore the snow depth was kept almost the same during all the 
month. There was a period between the 10th and the 13th when the maxima temperature 
was positive, but the snow did not melt significantly, and it was kept more or less 
constant during all the month on the 33 cm.  
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Figure 33 a) Temperature in Järämä during February 2009 b) Precipitation and snow 
depth in Karesuando during February 2009 

The temperatures during February were very low, reaching values under -30ºC, 
on the 7th and from the 17th to the 19th of March with maxima temperature below -20ºC. 
Only 2 days had temperatures above 0ºC, as it is possible to observe on figure 33 a). 
The month was also dry with total of 15 mm that fell all in snow form contributing to 
increase the snow depth to 45 cm in the end of the period (figure 32 b)). 

The conditions before the campaign taking place in the region (3rd to 5th of March) 
were snow depth of 45 cm, and slightly low temperatures (figure 34 a) and b)).  
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Figure 34 a) Temperature in Järämä during March 2009b) Precipitation and snow depth 
in Karesuando during March 2009 

March was the month of the campaign in Järämä and therefore it is necessary to 
analyze carefully the first 5 days of March (right before and during the investigation). The 
temperatures were always below freezing, reaching a maximum of -2ºC, and minima of -
12ºC on the 5th of March which are coherent with temperature data in the snow and air 
temperature took in the investigation. On the 2nd of March some precipitation might 
occurred in the area as snow, contributing to a thin layer of fresh snow on the days of 
investigation. 

Between the 15th and 20th of March, there were some days with maxima 
temperature above 0ºC which contributed to partially melt the snow, noticed on figure 34 
b). The month was also very dry with total precipitation of 7 mm. 
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Figure 35. b) Precipitation and snow a) Temperature in “Järämä” during April 2009 
depth in Karesuando during April 2009 

During April, the main feature is the starting of spring season; this means melting 
of the snow. The total precipitation was also really low (only 10 mm). The first big melting 
episode occurred on the 12th of April when the temperature was above 0ºC during all day 
and reached 6ºC, making the snow depth decrease from 43 to 30 cm. Then in the end of 
the month there was precipitation in rain form, because the temperatures were above 
5ºC and as it is known, the snow melts faster with rain effect than with just sun effect. In 
the end of the month the total depth was only 10 cm. 
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Figure 36. a) Temperature in Järämä during the first days of May b) Precipitation and 
snow depth in Karesuando during the first days of May 2009 

Finally the last analyzed month was May, with only the 7 days with very high 
temperatures reaching 16ºC and precipitation on the 3rd making all the snow 
disappeared by the 2nd of May.  
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Figure 37. a) Temperature in Järämä during all the winter season 2008/2009b) 
Precipitation and snow depth in Karesuando during all the winter season 2008/2009 

The main features of the entire period are the initial snowfall mainly during 
November. The months of January, February, March and April were dry (only 50 mm in 
the 4 months). The most of the precipitation (around 100 mm) occurred until the end of 
December, from a total of 190 mm. The snow depth had a maximum of 50 cm during 
December. There were some periods of snow melting which can create icy conditions 
and hard snow in the pack. During the period of measurements (between 3rd and 5th of 
March) the temperatures were negative and there was light snowfall on the 3rd of March 
with a snow depth of 44 cm (figure 34). The total number of days with positive maxima 
temperature during all the season was 53, which means many days with potential snow 
melting, or metamorphism due to high temperature in the snowpack. 
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4. Discussion 

To be able to study all the information gathered on this investigation it is necessary 
to make important comparisons between the different methods to study the snow 
structure in Järämä.  

Those methods included are the snow pits manual investigation about grain size and 
snow compactness, which can be very subjective. Of extreme importance is the 
observation of snow density done via snow fork operation. The hardness of snow was 
measured through the use of ram penetrometer. It makes possible to have data of the 
integrated ram hardness and ram resistance. 

The snow albedo and surface reflectance satellite data connected with precipitation, 
temperature and snow depth data can help to overview snowfalls and melting episodes 
during the period and explain why the snow structure is the way it is. Using satellite data 
for this purpose, at least from my knowledge, is something never done before and 
therefore good results are not a certainty. Finally the type of snow identified by the Sámi 
terms found in the place can help to understand if the snow conditions were or not good 
for reindeers herd pastures along the studied winter. 

As first discussion theme, it was found that in the snow structure there is no 
connection between snow depths and the density or snow hardness, once the density 
does not necessarily increase with increasing depth, and it depends a lot on the location 
of measurement. The depth difference is mainly dependent on local topography and 
changes in the weather: wind and precipitation distribution. 

Analyzing all the graphs present in this investigation, it can be said that the 
atmospheric conditions have a definitive influence on the snowpack and snow grain size 
and layers, because some metamorphism start occurring immediately after a snowfall 
such as the diffusion of water vapor over crystal surfaces, the temporary positive or near 
0ºC temperature experienced during this season lead to melt/refreezing cycles forming a 
well bounded, large grained snowpack which makes the access to the food in the ground 
harder for the reindeers. 

 According to Riseth et al., 2010 the types of snow contained on table 4: from 1-3 are 
classified as new light type of snow; from 4-11 as snow transformed by wind and 
weather: from 12-15 as transformed by grazing, digging and trampling and from16-18 
snow is affected by ice formation. 

Starting on the first lasting snowfall which occurred in late October, having however a 
small period of melting which is visible on both MODIS satellite observation, snow 
albedo and surface reflectance. In early November the snowfall was not intense which is 
visible for the decreasing reflectivity and snow albedo (figure 26 and 28), and confirmed 
on figure 32 b). After the 7th of November, the satellite data are lost due to the polar night 
period and it is then necessary to observe the temperature and precipitation condition for 
November, December and January. The month of November was the most snowy 
(around 35 cm) specially after the second half of the month, and also cold, contributing 
on this way for the majority of the snowpack that would last during winter. The first 
snowfall of the season is therefore present on the bottom of the layer of the snowpack is 
mostly the Sámi term named as “Seaŋaš”, that is granular snow at the base of a layer of 
snow or most of the snow pack. This information largely agreed with the type of snow 
found, which occupies the most of snow pack and is granular due to the transformation 
occurred during the winter, the snow size is rice or peas (2.0 to 8.0 mm) and being loose 
to rather dense in the most of the cases, the density of this type of snow is around 380 
kg/m3 (figure 24), being the second less dense Sámi snow term found.  On this type of 
snow the reindeers have facility to dig. On figures 19 and 23 e) it is visible that on the 
second snow pit, the majority of the snowpack is formed by “Seaŋaš” and therefore IRH 
is one of the lowest, which agrees with the Sámi description and  with the data above. 
The main problem for them to dig on this bottom of the pack, might be thin layer of 
“Bodneskárta/Bodnevihki” that constitutes a real danger for reindeers grazing, once it is 
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ice encapsulating plants and lichens blocking the access to vegetation, if nevertheless 
reindeers reach these plants and eat them, can have stomach problems and diarrhea 
(Itkonen, 1948). As it is natural this kind of material can be considered as ice and 
therefore ice hard. 

December was a month also with reasonable precipitation, total of (40 mm)  that 
might be snow or rain form. In this month the maximum of snow depth was reached with 
50 cm on the 14 of December. After this maximum there was a period with positive or 
nearly positive temperatures (figure 31), making the snow suffer melting and refreezing 
cycles specially in the end of the month and also reduce the snow depth. Layer or 
several layers with “Gaskagearndi” are found in the middle in the most of the snow pits 
effectuated, meaning a crust in the middle of the snow pack that can prevent reindeers 
reaching the ground vegetation, and that might coincide with melting and refreezing in 
the second half of December. This kind of snow has usually the size of a rice grain and 
semolina (1.0-5.0 mm) and is rather dense according to the results and the density is the 
highest from all types analyzed, around 600 kg/m3, although not many layers contain this 
type of snow. Other type of snow found on the middle of the pack which may contain 
snow fallen in December and January, being January a very dry month with just a small 
episode of melting around the 10th (figure 32), that can also generate and “Ceavvi” (hard 
packed or compressed snow during heavy snowfall on the upper layers), on this 
conditions Reindeer can normally dig through (Eriksson, 1976; Pruitt, 1979). The grain 
size found on this type of snow is semolina (0.2-1.0 mm) with dense compactness 
agreeing with what  happened later on in the beginning of February (from 2nd to 9th) days 
with snowfall (figure 33 b)compressing the under layers. After this snowfall there were no 
more episodes of melting until the investigation, but a rather long period with no snow fall 
which can have altered the snow albedo or reflectance, which is visible again in the 
figures 26 and 28. The period with very high snow reflectance on early February (when 
data set starts again after polar night), is followed by a decreasing on reflectance due to 
a period without snowfall. Note that on the day before measurements there is a light 
snowfall which makes the snow reflectance increase these days. Therefore on the top of 
snowpack is found mainly “Čearga” (hard snowdrift), that can cause severe grazing 
conditions for reindeers. This type of snow is due to strong winds sweeping the snow 
from place to place. This type of snow has semolina to flour in the most extent and is 
compact and dense, having an average density of 500 kg/m3, which agrees with the 
description.  

Mainly on the profiles done on the 5th of March was found “Vahca”, new loose snow 
that means very good conditions for reindeers grazing. The density agrees with this 
characterization, having an average of 190 Kg/m3, and looking at figure 19, where 
“Vahca” is more often found, the density and IRH is very much lower than in all the other 
profiles and squares done. 

After the campaign we can still analyze the correlation between the weather and the 
snow albedo and surface reflectance during the spring months, March and April mostly. 

March was a very dry month with the only precipitation occurring on the end of the 
month (29th and 30th), the rest of the month was ruled by short episode of melting 
between the 15th and 20th which can be visible on figure 34 b) by the reduction of snow 
depth caused by positive maxima temperature visible on figure 34 a). 

The graphs of snow albedo and surface reflectance (figures 26 and 28 a)) seem to 
have a different evaluation of the beginning of March around the days of observation, 
while the surface reflectance shows a clear minimum on the 6th of March, the snow 
albedo shows a relative maximum on the 1st of March being followed by a period of 17 
days with no data due to cloud cover.  After 17th of March there is a period with a relative 
minimum and on the 22nd of March both satellite imagery agree in maximum, (due to a 
very light snowfall on the 21st and 22nd) which on snow albedo is relatively low, while in 
the surface reflectance is a clear maximum, this might be caused by different time of 
data achievement. 
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The month of April was also dry, with the main precipitation event taking place on the 
end of the month, in rain form contributing to the melting of the snow, which is clearly 
visible on both figures 26 and 28 after the half of the month by the huge decreasing on 
surface reflectance and snow albedo.  

Dog sledding and snowmobile, which are an economy source of the region during 
the winter, can suffer from snow structure variation from winter to winter due to very thin 
or too thick snowpack or too hard or too soft snow. 

 
Future work  
 
Since the study of snow and ice is essential for climate, due to very different 

reflectance, heat transport and exchanges with air when compared to other regions, it is 
very important to keep studying the snow through observations in situ. The snow prints a 
special property to the weather and climate, when the snow cover is really large. 

As future work in this area, could be possible to produce a map of Lapland area for 
example, containing information about the variation of daily snow surface temperature 
through the usage of satellite surface temperature imagery and interpolating the 
information between pixels. With this procedure would be possible to investigate 
possible layers of ice formed during the winter, by having knowledge of periods with 
melting and refreezing.  
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5. Conclusions 
 
 The combination of several methods is always the best way to study and 

investigate a problem.  
 The usage of satellite imagery can never replace campaigns done in situ. To 

investigate the snow structure and snow variation from winter to winter, as well 
as global warming effects on these regions the in situ measurements are really 
necessary. Satellites with snow albedo and surface reflectance products cannot 
provide information about the existence of hard snow layers, however through 
the variation on snow albedo or surface reflectance some assumptions can be 
made, such as long periods without snowing or with snow melting, or fresh snow 
fall. 

 Satellites can be used to study climate balances since it is known the area 
covered by snow, and also the reflectance or albedo in the surface layer (very 
important in energy balance). 

 Satellite data in these regions have a big limitation caused by the polar night in 
area and cloud cover which neglects a lot of important data.  

 Continuing changes in the onset of spring and autumn may affect the future 
seasonal balance of the pastures used by reindeer while changes in snow depth, 
distribution and consistency will affect their access to winter forage. Late autumn 
or early temperatures fluctuating around 0ºC, wet snow or rain and thaw-freeze 
events in winter can form a thick layer of icy snow on vegetation, blocking access 
to forage during the most of the winter. The snow hardness variations from winter 
to winter, are also important to other kind of animals, because snow is “home” for 
several of them, and when it is too hard, it constitutes a problem. 

 The wind is very important for the spatial distribution of the snow. 
 There is a proved relationship between the density and the description by Sámi 

terms, for all the types of snow found on the studied region.  
 The use of snow ram penetrometer to observe the snow layer hardness was not 

directly comparable with the Sámi term definition because the pack had to be 
divided in 3 parts (bottom middle and top), where the snow Sámi term was 
recorded, while the IRH (integrated ram hardness) and RR (ram resistance) were 
recorded for the entire snow pack. 

 There is clear a relation between the density, hardness of the snow and the type 
of snow Sámi term. Layers containing ice are harder and denser and therefore 
harder to dig, and the new loose snow was the less dense and softer, being 
easier to dig. 

 Some comparisons showed a relation between the hardness hand test 
(subjective) and the ram hardness (figure 20), when the visual hardness rises the 
ram resistance also rises. There was also a relationship (mainly in the squares 
data) between grain size and density (figure 21). With increasing grain size there 
was a decreasing density, at the rate of the linear regression showed in the figure 
21. 

 The winter season of 2008/2009 can be classified as bad for reindeers grazing, 
due the formation of layers containing hard snow, or even ice, which difficult 
digging by the reindeers, and might lead to problems to their feeding.  

 Many sources of error such as layers with missing density, grain size, snow 
compactness data, sometimes incoherent data may have difficult the 
investigation and altered some results. To improve this kind of error in data 
collecting, it would be good to record them carefully, assuring that the work done 
is worth it, analyzing all the layers, repeating the measurements more than once. 
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Investigations of manual and satellite observations of snow in 
Järämä (North Sweden) 

 

Daniel Pinto 

The snow cover plays an important role not only for the whole climate system but also 
for tourism and economy in the Lapland winter (e.g. dog sledding, snow mobile, etc). 
Snow constitutes a shelter for animals and plants during the winter due to thermal 
isolation, but, on the range of this investigation, it can make grazing difficult for 
reindeers, if the conditions are not favorable.  
Different approaches to the study have been made; the first and most important part of 
the investigation was a campaign in Järämä, in Swedish Lapland. During 3 days 
(between the 3rd and 5th of March 2009), a series of snow pits were done, recording 
snow grain size, snow layers depth, snow hardness/compactness, density and 
temperature. The hardness in the snow was evaluated through ram penetration tests. It 
was additionally studied the correspondence between the snow layers found in situ and 
the Sámi terminology. 
Another approach of the study consisted of satellite observations during the winter 
season 2008/2009 with day light in the region. The type of imagery used was MODIS 
(The Moderate Resolution Imaging Spectroradiometer) daily snow albedo and 8-day 
surface reflectance products. 
Measurements of temperature, precipitation, snow depth were used to cover the polar 
night time when satellite images were missing. According to these weather observations 
some snow metamorphisms were also studied, and their influence on the snowpack 
conditions. 
Through the comparison between all these forms of data it was found that in the winter 
season 2008/2009 the conditions for reindeers grazing were not good due to the 
formation of ice encapsulating the lichens and grass. Additionally several hard snow 
layers have been found in the snowpack which increase the difficulty to dig in the snow 
and may cause problems to the reindeers’ digestion. 
Snow hardness measurements with a ram penetrometer, manual tests and visual grain 
size observation proved these discovers. Several periods of positive temperature may 
cause melting/refreezing cycles contributing to the formation of hard snow layers. These 
conclusions are supported by the snow albedo and surface reflectance satellite imagery. 
In these images is visible a period with snow albedo decreasing a lot in the beginning of 
autumn, after the first lasting snowfall. The weather conditions in early fall, when the first 
durable snow occurs, are of extreme importance for the reindeers’ grazing, and in the 
case of the studied winter season, the conditions were not favorable. 
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