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Supplementary Data & Methods 

 

 

1. TanDEM-X datasets 35 

To derive surface elevation changes of glaciers on the Russian Arctic archipelagos, we use data from the Ter-

raSAR-X add-on for Digital Elevation Measurement Mission (TanDEM-X), which is jointly operated by the Ger-

man Aerospace Center (DLR) and Astrium Defense and Space. The TanDEM-X mission has been acquiring in-

terferometric X-band data since 2010 (Krieger et al., 2007; Zink et al., 2016) and provides a complete global 

coverage. In this study, we compute digital elevation models from the TanDEM-X Co-registered Single look Slant 40 

range Complex (CoSSC) data product for the period 2010 to 2017. Whenever possible, TanDEM-X DEMs from 

winter 2010/11 and winter 2016/17 (Tab. S2) are selected to minimize potential biases of the measured elevation 

change due to varying depths of surface penetration of the X-band SAR or seasonal snow accumulation. 

 

2. Calculation of glacier elevation and mass change 45 

Interferometric elevation models are created and co-registered from TanDEM-X CoSSC data as described by 

(Braun et al., 2019; Seehaus et al., 2019). Differential interferograms are calculated, phase unwrapped and con-

verted to elevation values based on a reference DEM. Unlike previous studies (Braun et al., 2019; Sommer et al., 

2020; Farías-Barahona et al., 2020), we use the TanDEM-X Global DEM (German Aerospace Center (DLR), 

2018) as a reference surface. Due to the unknown pixel acquisition dates, the Global DEM cannot be used directly 50 

to compute change rates. However, it provides a reliable reference surface without data voids for the interferomet-

ric processing of date-specific TanDEM-X acquisitions. To exclude ocean areas and water bodies from the pro-

cessing, we use the OpenStreetMap (OSM) coastline and the HydroLAKES dataset (Messager et al., 2016). The 

OSM coastline was manually adjusted to improve the separation between ocean/sea ice and glacier areas and a 

small inverse buffer (100m) was applied to remove some biased pixels from the DEM co-registration. The 2010/11 55 

TanDEM-X acquisitions are co-registered to the Global DEM on stable, ice-free areas (slope < 15°). The refer-

enced DEMs are merged to create a 2010/11 elevation mosaic. Thereafter, the 2016/17 DEMs are co-registered 

and mosaiced based on the 2010/11 mosaic. In both cases, the co-registration is performed as an iterative process 

to remove vertical and horizontal shifts between the “raw” CoSSC DEMs and a reference surface. Initially, vertical 

biases are estimated (on stable areas) and corrected. Thereafter, horizontal shifts are minimized using an iterative 60 

approach of (Nuth and Kääb, 2011). Eventually, a second vertical correction is applied to reduce remaining offsets. 

Additionally, the acquisition dates of each raster cell are preserved alongside the elevation mosaics. Then, the 

mosaics are differenced and change rates are calculated using the respective dates of each individual track (Seehaus 

et al., 2019). Data voids in the resulting elevation change map are filled by applying an altitude dependent elevation 

change function on each archipelago, based on aggregated elevation change rates within 50m elevation bins 65 

(McNabb et al., 2019).  

Eventually, the elevation change measurements (Fig. 2) are converted to geodetic mass changes (ΔM/Δt) based on 

two density scenarios (ρ) with a) 850±60 kg m-3 as recommended by a study on alpine glaciers (Huss, 2013) and 

b) 900±60 kg m-3 as an approximation of the density of ice. Possible changes in the glacier ice density (e.g. firn 

compaction) are not considered, since we do not have any quantitative information on this for the Russian Arctic. 70 
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The resulting mass change does not include subaqueous ice volume change due to advance or retreat of the glacier 

termini because the geodetic approach can only resolve elevation change above sea-level. 

Glacier areas are provided by the Randolph Glacier Inventory 6.0 (Pfeffer et al., 2014). For the Russian High 

Arctic, glacier outlines of the Randolph Glacier Inventory were mapped between 2000 and 2010 (Moholdt et al., 

2012). Thus, the inventory represents the extent of glacierized areas a few years before the observation period of 75 

this study. A more recent glacier inventory (Rastner et al., 2017) based on optical and DEM data between 2013 

and 2016 is available for Novaya Zemlya. The total glacierized areas of Novaya Zemlya of both inventories are 

similar, indicating no large-scale changes in glacier area between the inventories. In fact, the more recent inventory 

is slightly larger which is probably related to differences in the delineation of glacier outlines at high altitudes and 

the inclusion of very small glaciers (Rastner et al., 2017). Unfortunately, there are no other recent inventories 80 

available for glaciers on Franz Josef Land and Severnaya Zemlya. Therefore, we use the Randolph Glacier Inven-

tory as it provides a homogenous dataset of glacier outlines for the entire Russian Arctic archipelagos. However, 

we made some manual adjustments to account for significant changes in glacier extents between the Randolph 

Glacier Inventory and the observation period of the TanDEM-X DEMs. The majority of adjustments is related to 

the retreat of marine-terminating glaciers on Novaya Zemlya and the surge of the Vavilov ice cap (Severnaya 85 

Zemlya). 

 

3. Conversion of SAR signal penetration depths and correction of vertical elevation differences  

For the elevation and mass change calculation of the Novaya Zemlya ice cap, we apply a vertical correction to 

account for differences in SAR signal penetration depths due to varying surface conditions of glacier areas which 90 

were only measured in winter 2010/11 and autumn 2016. The local vertical correction factor is based on an em-

pirical linear relationship between SAR backscatter intensity and measured vertical offsets found on overlapping 

glacier areas. Eventually, the model is transferred to all glacier areas on Novaya Zemlya which were covered 

during September 2016 to derive the relative difference in signal penetration length (see chapter 2). Initially, the 

uncorrected glacier elevation (Δh/Δt uncorr.) and mass change rate (ΔM/Δt uncorr.) is calculated for Novaya Zemlya. 95 

Thereafter, the estimated vertical offset is added to the September 2016 elevation values and the corrected eleva-

tion (Δh/Δt corr.) and mass change rate (ΔM/Δt corr.) is calculated. Uncorrected and corrected glacier change results 

are stated in Table 1. 

Due to the side-looking viewing geometry of the TanDEM-X SAR sensor, the length of SAR signal penetration 

(into the glacier) differs from the observed vertical elevation difference between September and winter acquisi-100 

tions. The magnitude of the signal penetration lengths could be related either to a scattering layer below the actual 

glacier surface, e.g. a previously melted and refrozen late-summer ice layer, or a reflection due to power loss of 

the X-Band signal when travelling through the glacier volume (volume scattering). To account for both scenarios, 

two different approaches are applied to convert the observed vertical elevation offsets on overlapping glacier areas 

to signal penetration: 105 

 

3.1. Trigonometric estimation of signal penetration 

Using trigonometric functions, the length of signal penetration into the volume can be estimated from the 

local incidence angle, the surface slope and the measured absolute vertical elevation difference between 

September and winter 2016/17 according to Eq. 1.  110 
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𝑙𝑝 = 𝛥ℎ𝑊−𝐴 ×
cos(𝛼)

cos(𝛩𝑙)
     Eq. 1 

 

Where lp is the length of SAR signal penetration into the volume, ΔhW-A the vertical height difference 

between winter and autumn (September) acquisition, α the glacier surface slope and Θl the respective 115 

local incidence angle.  

 

3.2. Two-way power signal penetration 

Using the two-way power penetration into infinitely deep uniform volumes, the vertical differences be-

tween heights of autumn (September) and winter DEM acquisitions ΔhW-A can be converted to signal 120 

penetration into the glacier volume according to Eq. 2 following (Dall, 2007): 

𝑙𝑝  =  
𝑑𝑝2×2

cos(𝛩𝑣)
  ;  𝑑𝑝2 ≈ ∆ℎ𝑊−𝐴        Eq. 2 

 

where lp is the penetration length and Θv the refraction angle into the volume. dp2 is the two-way power 

penetration and can be approximated as the vertical elevation bias ΔhW-A for small penetration depths 125 

(Dall, 2007). To derive the refraction angle (Θv), Eq. 3 (Snell´s law) is applied: 

sin(𝛩𝑣) = 𝑛1 ×
sin(𝛩𝑙)

𝑛2
       Eq. 3 

 

where Θl is the local incidence angle, n1 the refractive index of air (1.000293) and n2 the refractive index 

of glacier ice. For the permittivity of ice, various values have been reported in literature (Rasmussen, 130 

1986; Dowdeswell and Evans, 2004). In general, the refractive index of ice increases with depths due to 

changes in density. Therefore, we refer to a detailed in-situ study on refraction measurements from the 

ice surface down to depths of 150 m in Antarctica (Kravchenko et al., 2004). For snow and ice layers 

close to the surface (0 to -40 m depth), they found values between ~1.3 and ~1.5 as index of refraction. 

Thus, we apply a refractive index of ice (n2) of 1.4 as the approximate permittivity of ice close to the 135 

glacier surface. 

 

Eventually, the mean signal penetration length lp of the two-way power penetration conversion is 5.4 m while the 

trigonometric estimate is 3.1 m. In general, both estimates are higher than the measured vertical elevation differ-

ence of overlapping glacier areas ΔhW-A (2.13 m) due to the side-looking geometry of the TanDEM-X SAR sensor. 140 

However, the spatial distribution of penetration lp and the derived linear regressions (see 2.1) are similar because 

both conversions are based on the measured vertical offset and local incidence angle. Therefore, when rearranging 

Eq. 1 and Eq. 2, the influence on the actual spatial vertical correction of glacier areas which were acquired during 

September 2016 is very small. The average vertical correction values for all September 2016 glacier areas are 2.29 

m and 2.30 m, respectively. Eventually, the corrected elevation change rate of Novaya Zemlya (Δh/Δt corr.) is less 145 

than 0.01 m a-1 more negative when using the two-way power penetration estimate and the geodetic mass change 

results calculated with both values are almost identical. 

 

4. Uncertainty assessment of glacier mass change 

The uncertainty analysis (Eq. 4) of the regional geodetic mass changes (δΔM/Δt) considers uncertainties from the 150 

DEM differencing (δΔh/Δt, including spatial autocorrelation, hypsometric gap-filling & SAR signal penetration), 
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glacier outline errors (δS) and the volume to mass conversion with a constant density assumption (δp) (Braun et al., 

2019).  

𝛿∆𝑀 ∆𝑡⁄ = √(
∆𝑀

∆𝑡
) ² × {(

𝛿∆ℎ ∆𝑡⁄
∆ℎ

∆𝑡

) ² + (
𝛿𝑆

𝑆
) ² + (

𝛿𝑝

𝑝
) ²}      Eq. 4 

ΔM/Δt denotes the mass change estimate, Δh/Δt the (gap-filled) mean glacier elevation change rate, S the total 155 

glacierized area and 𝑝 the density used in the volume to mass conversion. 

To derive the relative vertical precision of the DEM difference (δΔh/Δt), elevation changes outside glacier areas and 

water are aggregated in 5° slope bins (σΔh/Δt) and filtered (1-99% quantile) to account for the dependence between 

Δh/Δt precision and surface slope. Eventually, the vertical accuracy of the elevation change measurements on 

glacier areas is obtained by weighting the offsets of each slope bin by the slope distribution on glacierized areas 160 

(σΔh/Δt AW, Table S 1). To account for spatial autocorrelation, we use an average lag distance (dl) of 318 m, derived 

from semivariograms of 100,000 random Δh/Δt samples on stable areas, and Eq. 5 following (Rolstad et al., 2009): 

𝑆𝑐𝑜𝑟 = 𝑑𝑙
2 × 𝜋      

𝛿∆ℎ ∆𝑡⁄ = √
𝑆𝑐𝑜𝑟

5×𝑆𝐺
× 𝜎∆ℎ ∆𝑡⁄  𝐴𝑊 + 𝑠𝑝𝑒𝑛    𝑓𝑜𝑟 𝑆𝐺 > 𝑆𝑐𝑜𝑟       Eq. 5     

𝛿∆ℎ ∆𝑡⁄ = 𝜎∆ℎ ∆𝑡 𝐴𝑊⁄ + 𝑠𝑝𝑒𝑛   𝑓𝑜𝑟 𝑆𝐺 < 𝑆𝑐𝑜𝑟  165 

Scor is the correlation area and SG the glacier area multiplied by an empirical weighting factor of 5 (Rolstad et al., 

2009). 

To account for a potential bias in glacier surface elevation due to differences in SAR signal penetration between 

the acquisitions, we include a penetration offset factor (Spen) within the elevation change uncertainty estimate 

(δΔh/Δt). Therefore, we use the average vertical difference in surface elevation (~ 2 m) between September and 170 

winter acquisitions which was found on glacier areas above 400 m a.s.l. on Novaya Zemlya which were acquired 

in September and winter 2016/17 (see chapter 2.3 & 3). This penetration bias value is then weighted by the re-

spective regional glacier area acquired in September 2016 (Franz Josef Land ~770 km², Novaya Zemlya ~7800 

km²). For the corrected elevation change rate (Δh/Δt corr.) of Novaya Zemlya (Table 1) we multiply the penetration 

offset (Spen) of Novaya Zemlya by two. To consistently account for penetration differences in all subregions, we 175 

also apply Spen to glacierized areas of Severnaya Zemlya. Since all DEMs covering the Severnaya Zemlya archi-

pelago were acquired in the same season, we use a theoretical penetration difference of 1 m on areas above the 

regional median glacier elevation (438 m a.s.l.). For Severnaya Zemlya this error estimate can be seen as an upper 

bound because all DEMs were acquired under similar surface conditions and show no major differences in 

backscatter intensities (Fig. S1c). 180 

Biases due to erroneous glacier areas (δS) are calculated with a scaling approach (Braun et al., 2019) based on a 

detailed evaluation of automatically and manually derived glacier outlines (Paul et al., 2013). Their comparison 

indicated a difference in area of 3%, corresponding to a perimeter to area ratio of 5.03 km-1 (rP/S Paul et al.). To 

represent the different glacier geometries of the Russian Arctic archipelagos (rP/S), δS is calculated according to 

Eq. 6: 185 

𝛿𝑆 =
𝑟𝑃 𝑆⁄

𝑟𝑃 𝑆 𝑃𝑎𝑢𝑙 𝑒𝑡 𝑎𝑙.⁄
× 0.03      Eq. 6 

The mass change uncertainty of the entire Russian Arctic is estimated as the quadrature sum of the regional errors 

of Franz Josef Land, Severnaya Zemlya and Novaya Zemlya (Dussaillant et al., 2019). 
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5. Creation of SAR backscatter and local incidence angle mosaics 

Backscatter and SAR local incidence angle maps for each individual elevation model are derived from the Tan-190 

DEM-X CoSSC data during the interferometric DEM creation. Thereafter, the horizontal shifts which are applied 

to the DEM raster during the co-registration are also applied to the backscatter and local incidence angle data. 

Eventually, the horizontally co-registered datasets are merged into mosaics of backscatter intensity and local inci-

dence angles which are complementary to the elevation mosaics of the Russian Arctic archipelagos. 

 195 
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Table S 1 DEM corregistration statistics on non-glacierized areas for each subregion. Sglacier refers to glacier areas with 

equal or less than 50° slope while Sno-ice includes all areas (outside glaciers, ocean or lakes) with equal or less than 50° 

slope which were used during the corregistration. σΔh/Δt and σΔh/Δt AW are the total and glacier area-weighted standard 

deviations (2-98% quantile filtered) of Sno-ice within 5° slope bins (methods section). 

Region Sglacier <= 50° [km²] Sno-ice <= 50° [km²] σΔh/Δt [m a-1] σΔh/Δt AW [m a-1] 

Franz Josef 

Land 

12470 

 
2565 0.279 0.135 

Severnaya 

Zemlya 
16444 15128 0.076 0.068 

Novaya 

Zemlya 
22073 19130 0.117 0.077 

 225 

 

 

 

 

 230 
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Figure S 1 Hypsometric distribution of backscatter intensity (random sample of 5000 cells) of different months of Tan-

DEM-X acquisitions on Franz Josef Land a), Severnaya Zemlya c) and Novaya Zemlya e). Respective monthly mean 235 
skintemperatures of Franz Josef Land b), Severnaya Zemlya d) and Novaya Zemlya e) during years with TanDEM-X 

acquisitions were derived from ERA 5 Land reanalysis product (Muñoz Sabater, 2019). Gray bars show the glacier area 

covered by TanDEM-X during winter 2010/11 and winter/autumn 2016/17. Climate data was extracted from ERA5 

land grid cells within a bounding box around all glacierized areas of the respective archipelago. Ocean areas are not 

included and the corner coordinates are stated within the plots. (Generated using Copernicus Climate Change Service 240 
Information [2021]) 
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 245 

Figure S 2 a) Overview of temporal TanDEM-X coverage of Novaya Zemlya. Red dots indicate overlap areas which are 

covered by September and winter acquisitions 2016/17. Glacier areas which were only acquired during September 2016 

are shown as blue triangles. b) Estimated vertical offset due to differences in SAR signal penetration between September 

and winter 2016/17 TanDEM-X DEMs. Vertical differences in the estimated correction field are caused by different 

local surface conditions and backscatter intensities of each September TanDEM-X acquisition. c) Observed vertical 250 
offsets of overlapping glacier areas (red dots in (a)). 
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Figure S 3 Hypsometric distribution of elevation changes of land-terminating (brown dots) and marine-terminating 

(blue triangles) glaciers on Franz Josef Land (a), Severnaya Zemlya (b) and Novaya Zemlya (c). Respective glacier areas 

per elevation bin are shown as bars. The positive and less negative average elevation change rates below 450 m a.s.l. of 255 
marine-terminating glaciers on Severnaya Zemlya are caused by thickening in the ablation zones of some outlet glaciers 

(Academy of Sciences Ice Cap) and glacier surge activity (Vavilov Ice Cap). Elevation changes on Novaya Zemlya were 

corrected for SAR signal penetration. The less negative elevation change rate at lowest altitudes (< 50 m a.s.l.) of land-

terminating glaciers on Novaya Zemlya is caused by glacier retreat during the observation period (i.e. areas which 

became ice-free) and temporal differences between the TanDEM-X observation period and the delineation of the glacier 260 
outlines. 

 

 

 

 265 
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Figure S 4 a) Decadal trends in skintemperature (SKT) and b) total column water vapor (TCWV) between 1979 and 

2019, derived from ERA5 reanalysis (Hersbach et al., 2020). Small gray dots show raster cells with significant trend (P 

< 0.05) while magenta circles represent cells with glacier areas. 270 
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Figure S 5 Comparison of glacier mass change measurements in the entire Russian Arctic, Franz Josef Land, Severnaya 

Zemlya and Novaya Zemlya derived from gravimetry (GRACE), altimetry (ICESAT, CRYOSAT) and optical DEMs 

(ASTER, ArcticDEM). The method by Zemp et al. (2019) uses extrapolation based on glaciological and geodetic sam-

ples. For Novaya Zemlya the signal penetration corrected glacier mass change by TanDEM-X is shown. 285 
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Table S 2 Metadata of TanDEM-X acquisitions used to create the 2010/11 and 2016/17 DEM mosaics in this study. 

Active sensor indicates the transmitting and receiving sensor of the TanDEM-X satellite pair (TerraSAR-X & TanDEM-300 
X) at the respective acquisition time. Number of scenes shows the number of acquisitions concatenated into one DEM 

strip. 

 *TSX-1=TerraSAR-X, TDX-1=TanDEM-X 

Date 
Start 

Time 

Active 

sensor 

Orbit 

Dir. 

Relative or-

bit Number 

Number of 

scenes 

Effective Ba-

seline [m] 

Height Of Ambi-

guity [m] 

Incidence 

Angle [°] 

12.12.2010 13:05:44 TSX-1 A 7 3 145.87 -46.24 40.69 

12.12.2010 13:07:13 TSX-1 A 7 4 128.68 -52.24 40.67 

13.12.2010 12:48:44 TSX-1 A 22 2 139.97 -44.87 38.49 

13.12.2010 12:50:00 TSX-1 A 22 3 128.56 -52.78 40.68 

14.12.2010 12:32:43 TSX-1 A 37 5 127.18 -52.5 40.68 

15.12.2010 12:15:39 TSX-1 A 52 4 125.35 -53.44 40.67 

16.12.2010 10:23:03 TSX-1 A 66 4 130.88 -51.26 40.68 

16.12.2010 11:58:31 TSX-1 A 67 4 121.17 -51.39 38.49 

16.12.2010 13:30:55 TSX-1 A 68 3 151.14 -44.97 40.65 

17.12.2010 10:05:01 TSX-1 A 81 7 134.06 -52.32 40.68 

17.12.2010 13:14:10 TSX-1 A 83 3 146.49 -46.15 40.67 

17.12.2010 13:15:49 TSX-1 A 83 2 128.26 -52.93 40.68 

18.12.2010 09:49:06 TSX-1 A 96 2 122.89 -51.28 38.47 

18.12.2010 12:58:37 TSX-1 A 98 3 127.15 -53.03 40.66 

19.12.2010 12:41:18 TSX-1 A 113 4 127.34 -52.48 40.67 

20.12.2010 12:24:13 TSX-1 A 128 4 125.59 -53.23 40.69 

21.12.2010 12:07:04 TSX-1 A 143 3 124.98 -53.75 40.66 

21.12.2010 13:39:05 TSX-1 A 144 2 156.57 -47.19 42.72 

22.12.2010 10:14:24 TSX-1 A 157 6 128.96 -51.47 40.67 

22.12.2010 13:22:36 TDX-1 A 159 3 147.09 45.63 40.65 

22.12.2010 13:24:29 TSX-1 A 159 2 127.78 -53.16 40.69 

23.12.2010 13:05:40 TSX-1 A 7 3 138.7 -45.29 38.48 

23.12.2010 13:07:13 TSX-1 A 7 4 121.33 -51.86 38.5 

25.12.2010 12:32:44 TSX-1 A 37 5 119.71 -51.71 38.49 

26.12.2010 12:15:40 TSX-1 A 52 3 117.53 -52.94 38.5 

27.12.2010 10:23:14 TSX-1 A 66 1 122.59 -51.67 38.5 

27.12.2010 11:58:31 TSX-1 A 67 3 121.03 -55.8 40.67 

27.12.2010 13:31:04 TDX-1 A 68 3 148.47 48.73 42.66 

28.12.2010 13:14:15 TSX-1 A 83 3 144.48 -49.99 42.69 

28.12.2010 13:15:53 TSX-1 A 83 3 120.42 -52 38.52 

29.12.2010 12:57:12 TSX-1 A 98 3 135.96 -46.18 38.5 

29.12.2010 12:58:39 TSX-1 A 98 4 119.81 -52.08 38.5 

30.12.2010 12:41:24 TSX-1 A 113 4 120 -52.07 38.52 

31.12.2010 12:24:14 TSX-1 A 128 3 118.41 -52.52 38.51 

01.01.2011 12:07:04 TSX-1 A 143 2 118.96 -52.98 38.49 

02.01.2011 10:14:29 TSX-1 A 157 6 121.37 -50.6 38.52 

02.01.2011 13:22:40 TSX-1 A 159 4 145.78 -49.19 42.68 

03.01.2011 13:05:46 TDX-1 A 7 2 143.71 50.35 42.66 

05.01.2011 12:31:36 TSX-1 A 37 2 134.71 -50.23 40.7 

08.01.2011 13:14:05 TDX-1 A 83 3 137.17 45.56 38.48 

09.01.2011 09:47:23 TSX-1 A 96 5 128.02 -52.06 38.45 

09.01.2011 12:57:15 TDX-1 A 98 3 136.54 49.39 40.66 
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10.01.2011 12:40:09 TSX-1 A 113 2 132.06 -47.5 38.51 

11.01.2011 12:23:03 TDX-1 A 128 2 133.57 50.76 40.63 

14.01.2011 09:54:36 TSX-1 A 5 8 136.93 -55.33 40.42 

16.01.2011 12:31:36 TDX-1 A 37 2 131.06 47.93 38.46 

21.01.2011 12:40:09 TSX-1 A 113 2 135.07 -50.03 40.68 

04.02.2011 13:22:28 TDX-1 A 159 3 134.88 46.23 38.47 

20.02.2011 13:30:26 TSX-1 A 68 2 127.28 -50.71 38.48 

02.04.2011 12:48:42 TSX-1 A 54 2 116.21 -58.24 40.67 

06.04.2011 10:05:33 TSX-1 A 81 6 103.97 -59.4 38.47 

12.04.2011 09:56:59 TSX-1 A 5 8 102.82 -61.6 38.5 

27.04.2011 10:23:16 TSX-1 A 66 1 106.69 -66.88 42.62 

11.10.2011 09:48:31 TSX-1 A 96 3 106.93 -63 40.66 

30.03.2012 09:38:25 TSX-1 A 20 2 195.39 -34.8 39.36 

07.09.2016 12:57:43 TDX-1 A 98 3 238.6 29.18 41.45 

10.09.2016 12:07:34 TDX-1 A 143 4 188.73 33.99 39.34 

12.09.2016 13:06:08 TSX-1 A 7 3 92.16 -70.26 39.4 

13.09.2016 12:49:11 TSX-1 A 22 2 89.29 -72.61 39.39 

14.09.2016 12:32:06 TSX-1 A 37 2 88.52 -73.05 39.4 

17.09.2016 13:14:47 TSX-1 A 83 1 87.78 -67.95 37.15 

27.09.2016 10:23:40 TSX-1 A 66 2 87.42 -78.31 41.51 

28.09.2016 13:14:33 TSX-1 A 83 1 91.09 -66.15 37.14 

28.09.2016 13:16:21 TSX-1 A 83 3 88.33 -78.23 41.48 

29.09.2016 12:57:41 TSX-1 A 98 3 90.86 -71.17 39.39 

30.09.2016 12:40:49 TSX-1 A 113 2 92.55 -74.9 41.48 

30.09.2016 12:41:53 TSX-1 A 113 5 86.74 -79.22 41.5 

01.10.2016 12:23:34 TSX-1 A 128 2 89.51 -72.44 39.37 

07.10.2016 12:16:08 TSX-1 A 52 4 83.03 -77.55 39.39 

08.10.2016 10:23:40 TSX-1 A 66 3 87.59 -79.13 41.5 

08.10.2016 13:31:47 TSX-1 A 68 1 90.22 -66.27 37.19 

10.10.2016 12:57:42 TSX-1 A 98 3 90.87 -71.16 39.39 

14.10.2016 13:23:07 TSX-1 A 159 4 95.15 -72.6 41.46 

15.10.2016 09:55:35 TSX-1 A 5 2 94.42 -77.26 41.47 

16.10.2016 12:50:33 TSX-1 A 22 4 83.85 -76.78 39.39 

20.10.2016 13:14:36 TSX-1 A 83 4 92.22 -69.85 39.35 

20.10.2016 13:16:24 TSX-1 A 83 4 84.41 -76.24 39.39 

21.10.2016 09:47:13 TSX-1 A 96 3 93.38 -77.22 41.46 

21.10.2016 12:59:11 TSX-1 A 98 3 83.85 -76.97 39.4 

22.10.2016 12:40:52 TSX-1 A 113 1 89.97 -71.79 39.38 

22.10.2016 12:41:55 TSX-1 A 113 4 84.15 -76.13 39.42 

24.10.2016 12:07:36 TSX-1 A 143 3 86.38 -80.02 41.48 

26.10.2016 13:06:18 TSX-1 A 7 3 88.99 -67.16 37.19 

29.10.2016 12:16:16 TSX-1 A 52 4 86.31 -80.01 41.48 

30.10.2016 13:31:07 TSX-1 A 68 2 94.77 -69.02 39.4 

02.11.2016 12:40:41 TSX-1 A 113 2 90.69 -71.39 39.36 

06.11.2016 09:57:46 TSX-1 A 5 6 85.06 -76.39 39.37 

07.11.2016 12:49:14 TSX-1 A 22 2 93.46 -74.39 41.48 

07.11.2016 12:50:33 TSX-1 A 22 4 86.95 -79.16 41.51 

08.11.2016 12:33:18 TSX-1 A 37 5 83.7 -76.37 39.38 
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10.11.2016 11:59:06 TSX-1 A 67 4 82.74 -77.55 39.41 

11.11.2016 13:14:40 TSX-1 A 83 3 95.4 -72.72 41.49 

16.11.2016 13:22:55 TSX-1 A 159 4 93.39 -68.97 39.39 

16.11.2016 13:24:58 TSX-1 A 159 3 87.81 -78.91 41.49 

27.11.2016 10:14:59 TSX-1 A 157 7 88.01 -78.72 41.46 

04.12.2016 12:59:19 TSX-1 A 98 2 86.92 -79.77 41.46 

06.12.2016 12:24:42 TSX-1 A 128 4 83.55 -76.76 39.4 

09.12.2016 09:57:45 TSX-1 A 5 6 88.06 -79.73 41.44 

09.12.2016 13:07:46 TSX-1 A 7 4 87.51 -78.83 41.48 

15.12.2016 12:57:40 TSX-1 A 98 1 88.97 -67.77 37.17 

15.12.2016 12:59:09 TSX-1 A 98 2 87.93 -78.94 41.48 

20.12.2016 13:07:45 TSX-1 A 7 2 84.82 -76.28 39.37 

21.12.2016 12:49:12 TSX-1 A 22 2 88.03 -68.1 37.13 

25.12.2016 10:05:34 TSX-1 A 81 7 86.56 -76.33 39.41 

30.12.2016 10:15:00 TSX-1 A 157 6 84.68 -75.79 39.42 

30.12.2016 13:24:58 TSX-1 A 159 2 84.48 -76.88 39.4 

02.01.2017 12:32:07 TSX-1 A 37 2 92.68 -74.84 41.49 

02.01.2017 12:33:15 TSX-1 A 37 5 86.82 -79.1 41.5 

04.01.2017 11:59:04 TSX-1 A 67 3 85.93 -80.69 41.49 

04.01.2017 13:31:36 TSX-1 A 68 1 90.92 -66.24 37.18 

05.01.2017 10:05:23 TSX-1 A 81 8 90.15 -79.37 41.48 

19.01.2017 12:24:39 TSX-1 A 128 5 86.7 -79.54 41.48 

 

 305 
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