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Observation of the Difference in Snow Cover Evolution between Open and
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Introduction Peak Show Depth Amounts :
Show Cover Evolution
Forest vegetation plays a major role in the evolution of a seasonal snow cover by Influencing both the accumulation as well Peak snow amounts are often thought to be closely linked to elevation. As can be seen on the Figures, the relation between snow e SttassnEBaokEr Lt | | |
as the ablation patterns. Snow interception and subsequent sublimation directly back to the atmosphere can reduce the depth and elevation was quite strong in our study basins. However, in basins that have a lot of different types of forest cover (such B | T E;i”stN;:r':h The Figure shows the comparison of 4 stations lo-
amount of snow underneath the forest substantially. During the ablation the reduction of solar radiation and wind speed by as the ,Brugga“ basin) the relationship for forest locations becomes weak. In such basins the Leaf Area Index® of the forest location Open South cated In VASI close proximity two |ocated In open
the canopy decreases the melt rates of snow underneath the forest. On the other hand, the lower albedo of the trees leads Is actually a much better predictor for peak snow cover amounts. The Figures also show that peak snow cover amounts are generally 190 - Forest South areas of d|ffer_ent exposure, two Iagatec;l underne-
to higher temperatures within the forest canopy which contributes to snowmelt energy balance through the increased flux much higher for open areas compared to forest locations for comparable elevations. = ath dense coniferous forests also with different ex-
of thermal longwave radiation. 100 100 160 S, 400 - posures. The data shows that as expected, the
A detailed field observation program was set up to study the relative importance of these effects in relation to vegetation A Supys Oy ¥ Brugga Coniferous Forest o || A Bresopen A =1 north facing open el has the deepest_ SOW
and topographic characteristics as well as in relation to the meteorological conditions present at the time. B [ w BruggaForest v 4 i Re=0.54 v B A 80- pack. The south facing open area has considerap-
- R?=0.2 ; A 1201 | — Re=074 2 ly less snow, however, Its snowpack Is still much
Methodology E = e A 5 60 - ; deeper than any of the fmre_st snmw cwers. The
g %7 A i S, 1k two forest locations show virtually identical snow
a = &= & . T .
1. Snow Monitoring Stations (SnoMoS): 99 SnoMoS were deployed measuring hourly values of snow depth, air tempera 2 _“ ' g E 5 _ w AN N4 depth_s mdmatm_g AEEIG IO S o O pl NG R
- ture, air pressure, relative humidity, incoming global radiation, wind speed, surface temperature. g A8 - 5 e 2 f AV sure Is not as important. Ratner, the determining
2. Digital Time Lapse Cameras: 45 cameras were deployed taking hourly pictures from which information on state of AV " ¢ = ol » it w;_; S i- IAgleriSEEmSile e A, dens_lty.
precipitation, snow depth, snow albedo, and snow interception in the canopy can be derived. . A 26 - > ., ti@"'? o The observed Z‘ffra” ?'ZEFE”CE mlsnc;w dﬁp’fh E’Et-
3. Manual Snow Surveys: manual snow surveys measuring the small scale variability of snow depth and snow density P 20 - b 10'12 20'12 30'12 T e T g SES RRis elnfe] Itissist] elses Gzl Sy nichy
were carried out periodically over the winter. - , | | : , , = : h | / | | LIt el d|fferenoes ORIy tc:pc:g_ra-
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Measurement locations were chosen to include a wide variety of topographic and vegetational characteristics. The influ- Elevation [m.a.s.1] LAI [mefnv] Elevation [m.a.s.1] mountain ranges. |
ence of vegetation was further investigated by setting up ,paired stations* one located in an open area and one close by un- . Numerous snowfall and snowmelt periods were
derneath forest vegetation. " Interce ptlon Melt Rate fﬂbﬁlvzid for ttTwe first two wn}ters_ ‘if the F;TDJETJ[' The
Snow Melt : : able shows the averages for interception losses
20 4 % % and melt rates (compared to open areas) for coni-
g . x ferous and deciduous forests. The data again exhi-
E o The most important terms of the sn_owmelt energy balance are genera_lly net rad|a_t|- Coniferous Forest | 35.2 63 EVGI’I’[S 66 5 36 Events bits that the generally denser coniferous forest ve-
2 on and the turbulent fluxes of sensible and latent energy. The vegetation greatly In- getation has a much larger impact on snow cover
3
. fluences these factors and therefore the melt of a snow cover underneath the forest Deciduous Forest [ 9.7 (23 Events) 192.3 (20 Events U O e e [oes e e A G e T sraete,
vegetation In a variety of ways. Firstly, the canopy significantly reduces the amount
i R ——— of solar radiation reaching the snow cover. Secondly, the wind speeds underneath
open / ~. | theforestcanopy are considerably lower. This affects the turbulent exchange of sen-
5 | | | | | __\| sible and latent energy. On the other hand, trees, even if they are snow covered Show Surveys
Studv Basi arOtaem et iz nabz o mehz 0802 haye a considerably lower albedo than show covered open areas. The increased
uday Basins - S absorbed solar radiation by the canopy leads to higher canopy temperatures, which Three detailled snow surveys were carried out
. . . . e . “"”““‘ir‘* . il | — in return causes greater amounts of thermal (long wave) radiation being emitted to- - e EPE_L _— over the winter to study the small scale variabili-
>ENsor netwmrzks were set.up in three basins:over the winter. The chosen basins.diiier In tneir sizes = B ot TG e Open wards the snow cover. The relative importance of these factors is dependent on se- _ Snow Surveys —— “onilerous Fores ty present in the snow cover. The surveys inclu-
(40 to 158 km*) as well as their topographical and vegetational characteristics. Elevations range S Y N NN » VN veral factors such as canopy density, gap size and distribution, geographical positi- E = ded 7 locations each consisting of a survey in an
from 400 to 1500m. 76 R/ E ol N on, and meteorological conditions. ol F open area and one in an adjacent forested area.
: : . ."'j 3-_; 2 ".i “_, . = ' P ] : : g 5
Civia Flevation | Sub-Bacins Earest Coven SrbMES CRPRrES £/ AR S U g The_ Figures on the right show a comparison t:_:f the snow depths for the 2011 melt & 60 - Each survey 50 snow depth and 10 snow densi
£ > JfF X Y- e period for open areas versus a very dense coniferous forest and a much more open 2 | ty measurements were conducted. The ave-
Km m 70 e N N e U SR deciduous forest. The comparison shows that the dense forest vegetation results in raged results shown In the Figure beside once
Brugga 40 433-1493 6 79 38 19 % II;”:" . 1\7 greatly reduced melt rates while the melt rates in the deciduous forest are very simi- ug ) again show the decreased amount of snow pre-
Breg 158 738-1147 4 70 35 15 7 ﬁ”* = W lar to the ones observed In ac:ljaoent_capen areas. | sent underneath the forest vegetatinn__ Th_e re-
Kiryi 76 354-847 3 63 6 11 B Wy = e D Rl Another factor that needs to be considered is the difference of snow albedo of snow DA 4 sults also show that the small scale variability of
Lbil) 4 Date 2011 covers In open versus forested areas. The comparison shows that the albedo of & b - the forest snow cover I1s much larger. This is the
o snow underneath forest vegetation Is almost constantly lower than in adjacent open | result of the more complex accumulation pat-
Intercepti Albedo areas mostly due to needles small branches and other debris being deposited on the 0.1 7 I terns, especially the canopy density dependent
Ption | : : ;
s RSTOR: PP, S A forest snow cover. 0.0 | | | mterceptlo_n_ _Iossgs and the iIrregular mass
A significant amount of snowfall is initially intercepted ’ 4 A Finally, the thermal pictures below show the difference in temperatures between the 10-Jan 01-Feb 16-Feb unloﬁd of |n|t|r;allty intercepted sncl.‘vtw, th[lt also ﬂ_][ﬁ
in the forest canopy. This snow can subsequently fall o6 | a5 S NOW forest canopy and the snow cover. Picture 1 shows the difference between the tem- s much more heterogeneous melt patterns wi
' . . Il AR WA peratures of a coniferous forest canopy versus an open snow cover for a cold over- melt rates depending on things like proximity to
fo the ground as mass unload, It can melt and drip ’ . REN | | . o . . ,[ t d th T Sk
down as melt water, or it can sublimate directly back to ; 8 o4l | | [I cast winter day. The second and third picture show the conditions in a deciduous ree stems an € very complex transmission
T e ’ | » ' open and a coniferous forest for a sunny winter day. It becomes evident that the canopies patterns of solar radiation through the canopy.
pibeis | . 1000 - ERY il el and especially the stems of the trees are much warmer than the snow cover. Fur-
The amount of snow Intercepted In the tress depend _ - - . ;v
o, B e e e e e e S L e S ey {x - n\r%e:m.gn + thermore, the pictures show that much more solar radiation reaches the ground un- Eut Work
. | 50 - W Pronghati ] 00 derneath the more open deciduous forest (Picture 2) than under a dense coniferous uiure vwwor
peratures during the snowfall and tree species. The L 01-De¢ 11-Dec 21-Dec 31-Dec 10-Jan 20-Jan 30-Jan 09-Feh 19-Feh forest (Rictlre:a)
FlglE 2 e LGN SAOWS Lt OIS SRR WeS (13- S 40 - . = . | The continuous high spatial and temporal resolution of our observational data will allow us to analyze Iindividual events and
i ieipiste Infins (e te i oIk 20 20T Al O =) g - 600 £ relate the observed snow evolution processes to the meteorological, topographical, and vegetational conditions present at
19, 2012 even though more snow fell on Feb. 10. The = / “ § the time or at the individual location. This should allow for a much better understanding of the relative importance of individu-
reason I1s most likely the difference In air temperatures ARk / © al processes during specific conditions
- - o - _'q_.g o .
during the eventsﬂ Wh"ih was -1.9°C In December = . l f B Furthermore, as the overall project focuses on the improved prediction of stormflow runoff during rain on snow events, the
SOMREVECC 55 S —el:_:aruary. Th_e WEEAS I b k \ j- \ | o snow and meteorological data collected so far will be augmented by observations of soll moisture, ground water levels, and
ratures_ r_esult RS .f e><|tlle TEsilibs a’?d _Ie_ac % | \ A A I . ki runoff In smaller streams to gain a better understanding of the spatially variable runoff response of basins to snowmelt and
the building of ,ice bridges” between the individual- 10 - l‘ \ I \ | | rain on snow runoff events. The obtained datasets will be used as input and validation data for several distributed hydrologi-
needles ke snowﬂakes._ ltginee DI el abus: ’h I | x l , \, f \ I cal models of different complexity. Models used will include complex, physically based research models and simpler pro-
mulate In the canopy during ,warmer" periods. . . W r Al ~J1VI,

cess and Index based models suitable for flood forecasting.
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