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This paper is devoted to the study of thermodenudation impact on concentration of dissolved organic matter 
in lake water. We present results of measured concentration of colored dissolved organic matter in water samples 
collected from the lakes in Central Yamal. We show the diff erence of colored dissolved organic matter concentration 
in lakes with thermo-denudational coasts and in intact lakes. Buried peat layers discovered in thermocirque expo-
sures appeared to have high concentration of dissolved organic carbon. We found average concentration of colored 
dissolved organic matter 3.5–4.5 times higher in lakes with thermocirques than in intact lakes.

 Сolored dissolved organic matter, thermocirques, Yamal lakes

INTRODUCTION

After long storage in a perennially frozen state, 
the organic matter from peat layers accumulated dur-
ing the Holocene Climate Optimum can repeatedly 
undergo biochemical cycles [Vonk et al., 2013] in the 
context of climatic changes observed in the Arctic in 
recent decades [IPCC, 2014]. Warming permafrost 
[Romanovsky et al., 2010] and resulting increase of 
active layer thickness (ALT) [Zhang et al., 1997] are 
capable to trigger the activation of cryogenic proces-
ses (thermo-denudation, cryogenic landslides) in 
Central Yamal [Leibman and Kizyakov, 2007; Leibman 
et al., 2015]. Thermo-denudation is associated with 
bodies of tabular ground ice occurring rather close to 
the surface [Parmuzin and Sukhodolskii, 1982; Dubi-
kov, 2002; Leibman and Kizyakov, 2007; Badu, 2013]. 
Formation of themocirques and retrogressive thaw 
slumps as a result of tabular ground ice thaw may ca-
u se alterations in geochemistry of the lakes with ther-
mo-denudational coast [Kokelj et al., 2005]. Lakes  re-
pre sent natural reservoirs providing conditions for 
accumulation of organic matter after its transport 
from the surrounding catchments and therefore can 
serve as an intrinsic indicator of landscape changes in 
the Arctic. 

Cryogenic translational landslides were the main 
fo cus of fi eld research in Central Yamal (“Vaskiny Da-
chi” research station) during the period of observati-
ons commenced in 1987 [Leibman and Kizyakov, 

2007]. Thermocirques adjacent to lakes were rare in 
the area and small in size. Four thermocirques were 
known,  two of them ceased to exist after tabular 
ground ice ex ha u sted due to continuous thaw, while 
the  remaining two experienced periodical attenuation 
[Leibman, 2005].

In the period spanning from spring 2012 to fall 
2013, an activation of thermo-denudation could be 
seen [Leibman et al., 2015] due to the dramatic in-
crease in summer air temperature and  associated  
ALT deepening. At least six thermocirques were 
found to have formed on lake coastal zones in the 
summers of 2012 and 2013 (Fig. 1), which prompted 
the transport of a considerable amount of detached 
material downslope making thereby its significant 
contribution to lake water. Besides mineral compo-
nents, this material also included both dissolved and 
particulate organic matter. 

The colored fraction of dissolved organic matter 
(CDOM) is an essential component of aquatic eco-
systems [Kalle, 1939; Skopintsev, 1950], including 
those of high-latitude Arctic lakes [Vincent et al., 
1998]. CDOM is dominantly composed of humic and 
fulvic acids [Skopintsev, 1950; Wetzel, 2001].

CDOM, being a major component of dissolved 
organic carbon (DOC), acts as a measurable parame-
ter of the organic content in surface waters. CDOM 
absorbing primarily short wavelength light (UV and 
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blue wavelength ranges of the electromagnetic spec-
trum) has a considerable infl uence on the depth of the 
solar radiation penetrating into water of lakes/ponds, 
and on their temperature regime [Zaneveld, 1975; 
Vin cent and Pienitz, 1996; Twardowski and Donaghay, 
2001]. CDOM serves as an indicator of lake color 
[Gjes sing, 1976] and optically measurable proxy of 
DOC.

Dissolved organic matter (DOM) in water col-
umn can be of autochthonous and allochthonous 
types of aquatic humic and fulvic matter [Kalle, 
1966]. Autochthonous DOM is a product of life ac-
tivity of phytoplankton, while allochthonous DOM is 
transported to water bodies from the surrounding 
catchments. Given the unfavorable climatic condi-
tions for abundant phytoplankton in northern high-
latitude lakes, the autochthonous DOM does not ap-
pear a determining factor in the formation of cumu-
lative DOC concentration there, while the alloch-
thonous DOM may constitute the bulk of DOC 
concentration [Engstrom, 1987; Wetzel, 2001].

STUDY AREA

The “Vaskiny Dachi” research station is located 
at the Se-Yakha and Mordy-Yakha river basins in 
Central Yamal (70°17'  N, 68°53' E, Fig. 1).

The limnicity of the key site is 12 %, which is 
close to the average value (10 %) for the whole penin-
sula [Trofi mov, 1975] and can reach 20 % on the fl ood-
plains of the Se-Yakha and Mordy-Yakha rivers [Ro-
manenko, 1999]. The abundance of khasyreys in the 
fl oodplain is, conversely, uncharacteristic of the Sale-
khardskaya (Vth) and Kazantsevskaya (IVth) geo-
morphological terraces composed of marine sedi-
ments. The lake area ranges from 0.14 to 346.6 hec-
tares, averaging 11.1 ha.

The lake catchments delivering material into the 
surface waters of streams, rivers, ponds and lakes ex-
hibit a range of terrain conditions. The lithological 
composition of the upper layer of lake catchments is 
represented by sands and clays  that typify Salekhard-
skaya (Vth), Kazantsevskaya (IVth) and the Third 

Fig. 1. Schematic map of fi eld points at the key site (“Vaskiny Dachi” research station). 
1 – study lakes; 2 – study lakes with thermocirques in coastal zone (TC – thermocirque index, LK – lake index); 3 – Obskaya – 
Bovanenkovo railroad. Base map: Landsat 8 image dated 19.07.2014 (NIR band) and DEM TanDEM-X (DLR©) with 12 m spatial 
resolution (elevations are equated to a.s.l.; the Baltic system of heights). Coordinates are given in UTM Projection, zone 42N.
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(IIIrd) geomorphological terraces. The vegetation 
cover is dominated by sedge communities, shrubs, 
dwarf-shrubs, and mosses [Rebristaya and Khitun, 
1998].

We started to measure DOM concentration in 
the lake water when thermocirques began to actively 
form, exposing permafrost and ground ice in their 
side walls. The exposures encountered during the 
2012–2015 field campaigns comprised buried ice-
wedges intervening into tabular ground ice (Fig. 2). 
We found also buried peat layers with thickness of a 
few meters (Fig. 2) and mineral horizons enriched by 
organic matter.

METHODS

Water samples were collected in August–Sep-
tember during the 2014–2015 fi eld campaigns of the 
Earth Cryosphere Institute SB RAS. We carried out 
the monitoring of thermocirques activation and their 
further development. 

Water sampling. Water was sampled under calm 
conditions from the upper 30 cm of the water column, 
either from the shore or from the boat at the center of 
lake. Samples were kept cool (4–8 °C) in the dark, to 
preclude the UV-induced photochemical transforma-
tion of the organic matter [Bricaud et al., 1981]. Sam-
ples were fi ltered using Whatman© GF/F glass-fi ber 
fi lters with 0.7 μm pore size directly in the fi eld.

A total of 34 samples from 17 lakes collected and 
analyzed in 2014 and repeatedly in 2015  are present-
ed in this paper.

Water sample analysis. Laboratory measure-
ments of CDOM concentration in water samples we-
re carried out at the Otto Schmidt Laboratory in St. 
Petersburg. Absorption of the dissolved fraction was 
measured using a dual-beam spectrophotometer Spe-
cord© 200 between 200 and 750 nm (UV/Vis spec-
tra) with spectral resolution of 1 nm, which allowed 
to determine absorption spectra in each sample.

To calculate the CDOM absorption value a(λ) 
the measured absorbance (A = – lg I / I0) was normali-
zed to natural logarithm with multiplying by 2.303 
and normalized to the cuvette length by dividing it 
by the length of the cuvette [Davies-Colley and Vant, 
1987] through which the light was transmitted:

 
( )0

CDOM
lg

( ) 2.303 ,
I I

a
L

−
λ =  (1)

where I is the measured light intensity after passing 
the cuvette; I0 is the initial light intensity generated 
by the lamp; L is the light path length equal to the 
cuvette length). In this study, we use 0.05 and 0.10 m 
long quartz cuvettes. The absorption measurement 
error constitutes ±0.002 m–1.

All the absorption spectra a(λ)CDOM were cor-
rected for scattering by subtracting the absorption 
value at 700 nm, where it is taken equal to zero [Da-
vies-Colley and Vant, 1987; Twardowski et al., 2004], 
from the full spectra.

 Absorption a(λ)CDOM measured in m–1  is found 
to be directly proportional to organic matter (fulvic 
and humic acids) concentration in water [Skopintsev, 
1950]. Spectral slopes (i.e. the spectral shape of the 
absorption) of absorption values (S(λ), nm–1) were 
calculated from the CDOM absorption spectra over 
the wavelength range between 350 и 500 nm. The 
S(λ) parameter characterizes the curvature of the 
spectral slope of CDOM indicating the source and 
properties of organic matter [Davies-Colley and Vant, 
1987; Carder et al., 1989; Blough and Green, 1995; 
Helms et al., 2008]. 

Absorption values tend to exponentially de-
crease with growing wavelength [Jerlov, 1968]. The 
CDOM absorption spectrum can be reconstructed 
from a(λ)CDOM and S(λ) values [Bricaud et al., 1981].

Monitoring of thermocirques. During the 2012–
2015 fi eld campaigns we monitored thermo-denuda-
tion forms, thermocirques (Fig. 3). Descriptions of 
the sections were supplemented by the thermocirque 
cliff -top retreat rate monitoring using GPS+GLO-
NASS equipment, and high-resolution satellite im-
ages GeoEye-1 (05.07.2013), GeoEye-1 (15.08.2009) 
and QuickBird (30.07.2010). The images were pro-
vided by Digital Globe Foundation©. GPS-receivers 
employed in the study are: Garmin© Dakota 20, 60, 
Etrex 30 (measurement error in plan ±1 m) and Trim-
ble© 5700 (measurement error: ±0.1 m). The receiver 
was placed directly above the thermocirque cliff -top 
line.

Fig. 2. TC-01 thermocirque exposure and its cryo-
lithological structure:
1 – sandy-loamy slope deposits; 2 – peat; 3 – ice wedges; 4 – 
interbedding of sand, loam and clay; 5 – tabular ground ice. 
Photo by M.O. Leibman.
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Multispectral images with enhanced spatial reso-
lution were obtained using the PANSHARP2 fusion 
algorithm provided by the PCI Geomatica 2014 soft-
ware (PCI Geomatics©) [Zhang, 2004]. This fusion 
algorithm has been successfully tested on very high 
spatial resolution images [Du et al., 2007]. 

The images were orthorectifi ed using the Ortho-
Engine© module within the PCI Geomatica 2014 
software. In August 2014, the precise coordinates of 
seven reference points including the Obskaya–Bo-
vanenkovo railway objects, bridges, and buildings, 
were determined using a differential GPS receiver 
Trimble© 5700.

These points were bundled together with 40 tie 
points, to enable the precise image stacking with each 
other (RMSE are 0.46, 0.37, 0.57 for the GeoEye-1 
2009, GeoEye-2013, QuickBird 2010 images respec-
tively). The orthorectification was based on Tan-
DEM-X© IDEM digital elevation model (DEM) 
with a spatial resolution of 12 m.

RESULTS 

Analysis of water samples. Table 1 represents 
the results of water sample analyses. The absorpti-
on  values measured at wavelength of 440 nm 
(а(440)CDOM) vary from 0.736 to 8 m–1 and from 0.58 
to 8 m–1 for 2014 and 2015, respectively (Table 1). 
The lowest values are found in the lakes LK-025 

Fig. 3. Photographs of thermocirque TC-01.
а – September 2012; b – August 2015. Photos by A.V. Khomutov. Thermocirque location is shown in Fig. 1. 

Ta b l e  1. Results of tests for water samples taken
 from lakes (LK) (Fig. 1) and thermocirques (TC)

Lake 
index

а(440)CDOM, m–1 S(350–500), nm–1

TC index
2014 2015 2014 2015

LK-001 0.818 0.640 0.016 54 0.016 76 –
LK-004 1.189 0.735 0.016 48 0.016 58 –
LK-006 2.359 2.531 0.018 17 0.017 50 –
LK-007 1.351 0.854 0.016 59 0.017 14 –
LK-008 3.820 0.580 0.014 07 0.018 58 –
LK-010 1.711 2.272 0.017 21 0.017 52 –
LK-012 2.300 2.588 0.018 05 0.018 30 –
LK-013 5.015 7.849 0.015 33 0.014 54 –
LK-015 6.338 4.940 0.013 55 0.014 58 TC-01
LK-016 4.179 3.049 0.016 17 0.016 92 –
LK-017 4.640 1.797 0.013 21 0.015 25 TC -02
LK-018 5.458 4.808 0.014 36 0.014 67 TC -03
LK-019 7.651 6.330 0.013 33 0.014 58 TC -04
LK-020 1.722 1.095 0.015 66 0.016 50 –
LK-025 0.736 0.713 0.018 33 0.017 53 –
LK-027 2.386 1.080 0.013 82 0.015 94 TC -05
LK-031 8.000 8.000 0.011 74 0.013 21 TC -06
Average 3.5 2.9 0.0154 0.0162

N o t e. а(440)CDOM is CDOM spectral absorption at 
440 nm wavelength, S(350–500) is spectral slope parameter  in 
the visible region of the spectrum (350–500  nm).
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(2014) and LK-008 (2015), while the highest 
 value be  longs to lake LK-031 for both years (Fig. 1, 
Tab le 1).

The year 2015 was generally characterized by 
lower CDOM concentrations in lakes (average 
2.93 m–1) compared to 2014 (average 3.51 m–1). Out 
of all 17 lakes only 4 (LK-006, LK-010, LK-012, 
LK-013) showed an increase in а(440)CDOM. The 
highest values for both years belong to lakes with 
thermocirques. In addition,  LK-013 (the only lake on 
Mordy-Yakha river fl oodplain) has high а(440)CDOM 
value.

The absorption in spectral slopes S(350–500) 
vary from 0.0117 to 0.0183 nm–1 and from 0.0132 to 
0.0186 nm–1 for 2014 and 2015, respectively (Tab-
le 1). The lowest value is attributed to lake LK-031, 
whereas the highest corresponds to lakes LK-025 and 
LK-008 (Fig. 1) for 2014 and 2015, respectively. The 
year 2015 showed higher values of S(350–500) for 
lakes (average 0.0162 nm–1) compared to 2014 (aver-
age 0.0154 nm–1). Out of 17 lakes only 3 (LK-006, 
LK-013, LK-025) were marked by reduced S(350–
500) values in 2015. The lakes with thermo-denuda-
tional coasts were characterized by the lowest S(350–
500) values in both years of observation, except for 
lakes LK-008 (2014) and LK-013 (2015) (Fig. 1) also 
characterized by low S(350-500) values (Table 1).

Results of the thermocirque monitoring. Tab-
le 2 shows quantitative parameters of the develop-
ment of thermocirques (Fig. 1). The thermocirque 
cliff -top retreat rates range between 4.1 and 18.5 m/
year (Tab le 2, Fig. 4). The width of thermocirques 
can reach 200 m, with their area ranging from 0.53 to 
3.98 ha (Table 2, Fig. 4).

DISCUSSION

CDOM parameters in Yamal lakes. High-lati-
tude inland water bodies north of the tree-line are 
characterized by low concentrations of CDOM [Vin-
cent et al., 1998], which tend to decrease farther north 

of the forest-tundra limits [Vincent and Pienitz, 1996]. 
However, the area of Central Yamal is characterized 
by the presence of high (up to 2 m) willow shrubs 
[Rebristaya and Khitun, 1998; Ukraintseva, 1998; 
Leibman, 2004], which occupy primarily topographic 
depressions, concave and wind-protected leeward 
slopes.

Owing to decomposition of the leaf litter, high 
willow shrubs have more biomass to produce larger 
amount of organic matter, than zonal tundra plants. 
This organic matter becomes a source of allochtho-
nous CDOM in the lake water in addition to CDOM 
seasonally arriving from the thawing ALT [Vonk et al., 
2013].

Import of organic matter from the catchments is 
largely governed by surface washout by liquid pre-
cipitation, as well as by intensive snowmelt [Chistov, 
1991], given the substantial snow reserves  in the 
study region [Dvornikov et al., 2015]. The organic 
matter transport processes are not discussed in detail 
in this paper due to its specifi c focus on the relation-
ship between activation of thermocirques and CDOM 
concentration in the lake water.

 We compared CDOM concentrations in lakes of 
Central Yamal and in lakes located in more southerly 
regions. Values for spectral absorption in the litera-
ture are given over diverse wavelengths, therefore 
these values were re-calculated to 440 nm using the 
equation 2 [Bricaud et al., 1981]

 а(440)CDOM = а(λg)CDOM exp [–S(440 – λg)], (2)

where а(λg)CDOM is absorption at a particular wa-
velength λg found in the related publication; S is 
the spectral slope in the UV-visible wavelengths 
(350–500  nm), which is assumed to be on avera ge 
0.015 nm–1, found for inland and sea waters [Twardow-
ski et al., 2004], as well as measured in the lakes in 
Central Yamal (Table 1). 

Average spectral absorption of CDOM at 440 
nm measured in lakes of Central Yamal (Table 1) 
range between 2.93 and 3.51 m–1, which is compa-
rable, due to increased additional input of allochtho-
nous CDOM to the Yamal lakes, with values mea-
sured in lakes of southern Sweden and Finland 
(4–5 m–1) [Kutser et al., 2005]. 

 The а(440)CDOM average values measured in 
the Kolyma and other rivers of Eastern Siberia in 
July 2008 and 2009 (2.00 ± 0.92 m–1) [Griffi  n et al., 
2011] are interpreted to be within the same limits as 
in the Central Yamal lakes. The higher concentra-
tions of CDOM (mostly allochthonous) measured by 
J. Breton and others in 15 shallow bogs in the Cana-
dian Sub-Arctic (average   spectral absorption values: 
6.76 ± 5.04 m–1), are accounted for the terrestrial in-
put from the surrounding catchments [Breton et al., 
2009]. We have also measured CDOM absorption in 
10 small water bodies (thaw ponds with area less than 
1000 m2), similar in size to those described in [Breton 

Ta b l e  2. Parameters of thermocirques (TC)
 (location can be seen on Fig. 1)

TC 
index

Disturbed 
area*, ha

Average 
retreat rate of 
the cliff -top**, 

m/year

Class of 
object

Year of 
activation

TC-01 0.68 6.6 Natural 2012
TC-02 0.81 4.1 Technogenic Earlier 

than 2010
TC-03 0.53 8.7 Natural 2012
TC-04 1.02 10.4 Natural 2012
TC-05 – 7.6 Natural 2012
TC-06 3.98 18.5 Natural 2012

 * In  2015.
 ** Over the period of 2012–2015 .
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Fig. 4. The state of lake coastal zones before (а, c) and after (b, d) formation of thermocirques (TC). 
а, c – QuickBird image dated 30.07.2010 with 0.6 m resoliution; b, d – GeoEye-1 dated 05.07.2013 at 0.5 m resolution. Thermocirque 
dynamics: а, b – TC-01; c, d – TC-04. Thermocirque cliff -top position: 1 – 05.09.2012 (а, b), 05.07.2013 (c, d); 2 – 05.07.2013 (а, b), 
28.08.2013 (c, d); 3 – 27.08.2013 (а, b), 27.08.2014 (c, d); 4 – 21.08.2015 (а, b), 26.08.2015 (c, d). Thermocirque cliff -top position 
determined with the use of: 1, 3 (а, b) – Garmin 60 GPS receiver; 1 (c, d), 2 (а, b) – GeoEye-1 image dated 05.07.2013; 2 (c, d), 
4 – Garmin Etrex 30 GPS+GLONASS receiver; 3 (c, d) – DGPS- Trimble GNSS 5700 receiver.
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et al., 2009]. Its values   are also higher than average 
for lakes (4.6 ± 4.5 m–1).

Input of allochthonous CDOM leads to a de-
crease slope values (S) [Laurion et al., 1997]. The S 
measurements were found approximately within the 
same wavelength range (0.0135–0.0186 nm–1, avera-
ge 0.0158 nm–1) for lakes located in both the Cana-
dian Sub-Arctic and in Central Yamal (Table 1).

Relationship between CDOM parameters and 
thermocirques discharging into the lakes. S. Kokelj 
and others describe that thermokarst lakes with retro-
gressive thaw slumps in the coastal zone in the Mac-
kenzie river delta generally have a lower DOC con-
centration and water in such lakes is characteri zed by 
higher transparency [Kokelj et al., 2005]. In [Thomp-
son et al., 2008; Kokelj et al., 2009], this is associated 
with the organic matter sedimentation on clay parti-
cles (i.e. adsorption of organic material by clayey par-
ticles) and their joint settling to the lake bottom 
(when thermodenudation is still active). In the se 
studies, at the time of sampling only a very few of ret-
rogressive thaw slumps were active and accompanied 
by the transport of material [Kokelj et al., 2009]. 

According to our fi eld observations, the thermo-
cirques activated mainly in 2012 [Leibman et al., 
2015], which allows to assess them as relatively 
young. They continued to actively develop until 2015 
[Khomutov et al., 2016].

Buried peat lenses with a characteristic smell of 
decomposing organic matter were encountered in the 
sections of newly formed thermocirques, being a 
source of additional input of the allochthonous or-
ganic  matter (Fig. 2). The measured DOC concent-
ration in the fi ltered peat-water sample constituted 
243 mg/L, which is 50 times higher than DOC in 
lakes of Cent ral Yamal. Activation of thermocirques 
may launch the organic matter export in large amo-
unts to the lakes from perennially frozen peat lenses.

The 2014 and 2015 fi eld data analyses conducted 
separately for intact lakes and for lakes with thermo-
cirques have shown that the median CDOM absorp-
tion values at 440 nm wavelength in lakes with ther-
mo-denudational coasts is 3.5 times (2014) and 4.4 
times (2015) higher than in intact lakes (without 
thermocirques) (Fig. 5, a). It can be interpreted as 
follows: at an early stage, thermo-denudation processes 
at the lake coasts lead to a significant increase in 
CDOM concentration in those lakes.

The data obtained confi rm that lakes with ther-
mocirques tend to have lower S values (0.0134 and 
0.0146 nm–1 for 2014 and 2015, respectively) com-
pared to intact lakes (0.0165 nm–1 for 2014 and 
0.0171 nm–1 for 2015) (Fig. 5, b).

The atmospheric-corrected GeoEye-1 images of 
2009 and 2013 and application of the algorithm for 
remote estimation of а(440)CDOM parameter [Kutser 
et al., 2005; Dvornikov et al., 2014, 2016] enabled us 
to estimate the change in CDOM concentration in 
lakes in 2013, when active thermocirques not existent 
at the time of the 2009 acquisition, came on the scene. 

Fig. 5. Diff erences in а(440)CDOM values (а) and spectral slope S(350–500) (b) in intact lakes (w/TC) 
and with active thermocirques (TC).

Ta b l e  3. Increase in CDOM concentration resulting
 from thermocirque (TC) activation in the coastal zone 
 of four lakes

Lake index
а(440)CDOM, m–1 Augmenta-

tion, %
2009  2013  

LK-015 1.277 5.265 312
LK-027 0.528 2.664 404
LK-178* 2.329 9.371 302
LK-298** 1.078 7.444 590

 * 5.7 km N–NE of lake LK-004.
 ** 0.5 km N of lake LK-025. 
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Table 3 shows the results of CDOM absorption val-
ues at wavelength 440 nm retrieved from satellite im-
ages taken in 2009 and 2013. The coverage of images 
allowed to analyze 4 lakes only. Compared to 2009, 
the concentration of CDOM has shown a 4–7-fold 
increase, from 312 to 590 %, in 2013 (Table 3).

CONCLUSIONS

The paper presents quantitative characteristics 
of the development of thermo-denudation landforms 
(thermocirques) which appeared in the summer 2012, 
and the related variation in CDOM concentration 
and S values for intact lakes and lakes with thermo-
denudation coasts using fi eld data complemented by 
laboratory analyses and remote sensing data proces-
sing.

1. Thermocirque cliff -top retreat at a rate of 4.1 
to 18.5 m/year, with some of the thermocirques gain-
ing up to 200 m in width; their area varies from 0.53 
to 3.98 ha.

2. Large peat lenses were found in the exposures 
of thermocirque walls. The concentration of dissolved 
organic carbon (DOC) in the fi ltered peat-water sam-
ple from one of peat lenses was as high as 243 mg/L, 
while average concentration of DOC in the Yamal 
lakes constitutes 4–5 mg/L.

3. In lakes with thermo-denudation coasts, con-
centration of the colored dissolved organic matter 
(CDOM) is higher than in the intact lakes. For lakes 
with thermocirques the mean values of а(440)CDOM 
range between 5.9 and 4.9 m–1 for 2014 and 2015, re-
spectively. In case of intact lakes, these values are 3.5 
and 4.4 times lower (1.7 and 1.1 m–1 for 2014 and 
2015 respectively).

4. The properties of the organic matter exported 
from thermocirque walls diff er from allochthonous 
organic matter arrived from surrounding catchments. 
Calculations of the spectral slope S (350–500) for 
 water sampled in 2014 and 2015 showed that the me-
dian values for lakes with thermodenudation coasts 
are 0.0134 and 0.0146 nm–1 respectively, while for 
lakes with intact coasts they equaled 0.0165 and 
0.0171 nm–1.

5. A signifi cant (locally, 7-fold) increase in the 
CDOM concentrations  in lakes can occur subse-
quent to the formation of thermocirques along the 
coastal zones. Additional analysis based on the re-
mote sensing data with very-high spatial resolution 
allowed obtaining а(440)CDOM values for four lakes 
(2009) which coastal zones remained stable until 
2012. It was followed by the observational data from 
2013, when their coastal zones were already aff ected  
by thermocirques. The а(440)CDOM values have 
shown a 4.1–6.9-fold increase (on average, by 5.1 
times) during the period from 2009 to 2013.

It has been shown that the activation of thermo-
denudation on the Yamal peninsula is capable to trig-

ger mobilization of the perennially frozen organic 
matter from ancient peat lenses and, ultimately, its 
transport into the lakes.
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