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Objectives
» To evaluate SIMBA (Sea-Ice Mass Balancé
sustainable long term snow and ice observe

as seasonal ice covered seas; the Arctic and

» To understand
" mass balance and temperatures of snow

» In order to provide
= Dbetter snow/ice calculations in the NWP

= physical background information for ice t
data.

=  QOperational services; long terms forecasts

= (Climate research

Tasks: pursue snow and ice thickness

» In situ observations
» to develop a snow/ice thermodynamic model (HIGH']
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to produce ice thickness.

Ice thickness (cm)

This results indicated that without snow, the modelled ice thicknesses using
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the important of snow in the nature. If assu
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Fig. 12, HIGHTSI modelled ice evolution without taking snow
into account, using in situ weather station data (solid line) and
HIRLAM forecasts (dotted line) as external forcing. The winter
seasons are 2009/2010 (red), 2010/2011 (black), and 2011/2012
(blue). Cheng et al, 2014, Tellus

1n situ obser

or HIRLAM NWP model results are pretty close to each other indicating the i w.
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Deployment sites: Sodankyld, Ora
Deployment seasons:

2009/2010;

2011/2012; 2012/2103;2013/2014;201
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Measurements of mean snow (red) and ice thickness (blue),
for: a) 2009/2010; b) 2010/2011; ¢) 2011/2012; d) 2012/20
seasons.

The snow to ice transformation process likely occurred in eve
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Air-Snow-Ice-Water (ASIW) system and theoretical tempé
through ASIW in cold condition.



Technical details

1)
2)
3)
4)

5)

6)

7)
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The snow and ice temperature change is much fas
ice thickness.
In cold conditions, the temperature profiles of sna
the large difference between snow and ice therma
Compared with large temperature gradient at top ¢
in the layer from 10 to 100 cm above the snow sut
The temperature in water below the ice bottom is ¢
temperature.
The SIMB configuration test suggests that the heat
temperature of about 2°C in the air and a temperatu
water (Jackson, et al. 2003).
For Arctic conditions, the initial snow/ice interface id
remain unchanged before the next melting season. Th
more than 100 cm at the SIMB deploy sites.
We applied a 3-point moving average calculation on se
profile: HT, = (HT ,+HT, +HT,,,)/3
where HT is the heating temperature, j is the sensor numb
reduces the meaningless temperature perturbation noise ané
heating temperature profiles.
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Left: Temperature profiles of one SIMBA measured in Sval

Right: Vertical temperature profiles from one SIMBA deploye

Temperature Temperature (C)

/extrapolated linear temperature gradients.

season. The in situ temperature profile is the blue line; O
and two-minutes heating temperature was the black line.
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Thickness (em)
Thickness{cm)
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Winter 2012/2013

-80 |
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Winter 2011/2012

The snow and ice thickness derived from SIMBA tempera
seasons (2011/2012; 2012/2013). The symbols are snow an
SIMB site (A) and at regular sites (0) some 1 km away fro
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Summary of SIMBA instrumernt

The SIMBA is a compact device with better ma
maintained.
The 1n situ temperature profiles and heating cyc
determine the snow and ice thickness.
A 3-point moving average calculation on sensor
for better utilization of heating temperature for s
Boreal lake SIMB A measurements are successful
have reasonable accuracy.
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Applications

» Retrieval snow thickness on the basis of re
surface temperature (LST)

Lakes
Arctic Ocean

» Operational real time snow and ice thicknes:
lakes and Seas
SIMBA initial snow and ice thickness
HIRLAM or ECMWEF forecasts + HIG
thickness
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Surface temperature versus ice thickness: for a cold

period 0000 hr 3 January through 2300 hr 5 January (a); for a
the snow was set to be zero for simplicity. Yang et al, 2012, Tellus
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Simulated ice thickness (m)
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warm period 0000 hr 8 April through 1300 hr 11 April (b). In both

Fig. 6.
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The model simulated surface and air temperature difference
snow thickness on top of initial 20cm, 40cm and 60cm assu
model was forced with weather forcing data of 7 days in a mo
(Ta ~-15C). We see that snow surface temperature was react e
rather than the ice thickness.
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Lake (Orajdrvi) and the Baltic Sea sites
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The drift trajectories of several SIMBASs in the Arctic Ocean.

The drift trajectory of French schooner Tara between May

and November 2007 is shown as well.
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SIMB Operation Hs Hi L T S

FMI02* 22092012- | 3cm 144 cm A
20052013 28 cm 220 ¢cm B AR il At A S A AN M

FMI04* 05092012- 8 cm 80 cm £ A R
06102012 20 cm 80 cm RN LSS AU SO SO RO SONOE SRS AU U |

FMI15* 26082014- |11 cm 211 ¢cm E
08012015 27 cm 223 ¢cm =

FMI17* 30082014- 9 cm 97 cm -150
08102014 15cm 98 cm

NMEFC02* [21082014- 8 cm 194 ¢cm 200
090120135 16 cm 208 cm ' ' ! ' ! ' ' ' : !

NMEFC03* | 28082014- 7 cm [18 cm A A T S S S N N
08012015 15 cm 146 cm Sep Oct MNov Dec Jan Feb Mar Apr May Jun

Year 201272013
SIMB Start End

FMI02* 22 Sep. 2012 3 Aug. 2013

FMI04* 5 Sep. 2012 3 Aug. 2013

FMI15% 26 Aug. 2014 12 Dec. 2014

FMI17* 30 Aug. 2014 10 Dec. 2014

NMEFCO02* |21 Aug. 2014 9 Jan, 2015

NMEFCO3* | 28 Aug. 2014 5 Nov, 2014
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Time series of the seasonal maximum modelled total (red),
ice thickness. In 80s, the cold wither dominate so the columt OMPA
ice floe, in 90s the weather was warm, so the snow-ice and cO f of the
floe, approximately. In 00s, the variability was large, snow-ice while colu
ice was decreasing.
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