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Numerical simulation of forming temperature
anomalies in the Laptev Sea∗
M.V. Kraineva, V.V. Malakhova, E.N. Golubeva

Abstract. Based on the numerical modeling, a possibility of the existence of the
temperature anomalies in the Laptev Sea shelf areas due to the heat sink of the Lena
River is investigated. To determine the heat flow at the outlet to the sea, the linear
regression formulas to connect the river water temperature to the air temperature
are used. It is shown that the temperature anomalies caused by the river runoff
can reach 2 ◦ C, but these anomalies exist only during the summer season.

1. Motivation
The East Siberian shelf is controlled by Siberian rivers discharge, ice formation/melting, and exchange with the Arctic Ocean and the adjoining seas.
The Lena River is one of the largest arctic rivers flowing into the Arctic
Ocean and contributes about 15 % of the total freshwater flow into the Arctic. The amount and variation of this freshwater inflow critically affect the
salinity and the sea ice formation, and may also exert a significant control
over the global ocean thermohaline circulation. However, the research into
the heat fluxes from the rivers into the ocean has not received much attention
yet. The observational data available for the Lena River reveal some climate
and biological data change in the past few decades. Also, changes in hydrographic and meteorological conditions are observed in the Lena Delta [1, 2].
Further changes in the water budget, geomorphology are expected to take
place in the near future [1, 3, 4]. The daily discharge maximum has a tendency to occur earlier over the last 70 years [5]. As a result, the changes
are also observed in food webs [6]. In [7] was found that the Lena water
temperature in the flood period has increased at the Tabaga station up to
2 ◦ C as compared to the values of 1950, and that it had contributed to the
coastal erosion and hance, to the chemical water composition. Note that
most biological communities and species are very sensitive to changes in the
water temperature regime and water chemistry [6, 8], so that restructuring
the ecosystem may follow.
This suggests that the Lena River heat flux may have a considerable
impact on the thermal conditions of the Laptev Sea in the summer season.
The river water temperature is one of the most important parameters for
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the ecosystem life. An increase in the bottom water temperatures may affect
the stability of the submarine permafrost of the Laptev Sea shelf, resulting
in methane release into the ocean waters and atmosphere.
An analysis of the observational data for the period of 2007–2008 has
revealed positive temperature anomalies in the surface layer of the Laptev
Sea near the Lena River delta [9]. Using the numerical simulation, we investigated the two issues. The first one was to determine to what extent these
anomalies of the sea water temperature can be triggered by the heat flux
coming from the waters of the Lena River. The second issue was to evaluate
the lifetime of such anomalies due to the river flow and the impact of these
anomalies of the Arctic Ocean water state.
On the other hand, the question arises how to take into account the temperature of the incoming river water. Few data are available and observation
posts were historically located at a distance from the river mouth.

2. The ocean model
Our investigation was based on the coupled regional ocean-ice model which
includes the ocean numerical model developed in the ICMMG SB RAS
[10, 11] and the ice model CICE-3.14 [12]. The ICMMG regional ArcticNorth Atlantic ocean model [10, 11] has been developed in the Institute
of Computational Mathematics and Mathematical Geophysics (Siberian
Branch of the Russian Academy of Sciences) to be integrated for the period of several decades. The ocean model in question is based on the conservation laws for heat, salt and momentum. The model uses conventional
approximations: Boussinesque, hydrostatic and “rigid lid”. After separating of the momentum equations from the external and the internal modes,
the barotropic equations are expressed in terms of a stream function. The
mixed layer parametrization as vertical adjustment is based on the Richardson number. No-slip boundary conditions are used at the solid boundaries.
Specified mass transports at open boundaries and at river estuaries are compensated by transports through the outflow boundary at 20◦ S. The temperature and salinity conditions at this boundary allow the free advection out of
the model domain and the seasonal PHC 2.1 distribution [13] is substituted
in the case of the inward directed advection.
The ocean model has been coupled with the sea-ice model CICE 3.14 [12].
The model domain includes the Arctic and the Atlantic Ocean north of 20◦ S.
The grid resolution for the north Atlantic is chosen to be 1◦ × 1◦ . At 65◦ N,
the North Atlantic spherical coordinate grid is merged with the displaced
poles of the Arctic grid [14]. The horizontal grid size in the Arctic varies
from 34 to 50 km. The model version used here has 38 unevenly spaced
vertical levels. A minimum depth of the shelf zone is taken to be 20 m.
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The initial temperature and salinity data are adopted from the PHC
winter climatology [13]. Driven with daily atmospheric forcing from 1948 to
2012 (NCEP/NCAR reanalysis [15]), the model allowed us to simulate the
climate changes in the Arctic Ocean caused by variations in the atmospheric
circulation.

3. Data and methods
For including the heat flux supplied to the Laptev Sea shelf with river waters,
we need to know the river water temperature. Since 1930s, according to
the standard procedures for hydrometeorological observations in the former
USSR, the stream temperatures were observed at the regional hydrological
station Kusur three times a month (the 10th, 20th, and 30th day). These
data are now available from the R-ArcticNET [16].
The hydrological station Kusur is located
about 100 km to the south from the Lena River
outlet to the Laptev Sea. Consequently, the
water temperature in the river outlet and the
Kusur station can significantly differ. Figure 1
demonstrates the points, we have worked with.
Points 1 and 3 are the points of our interest,
where we want to determine the river temperature. Points 2 and 4 are the nearest data of the
air temperature from the NCEP/NCAR Reanalysis which we used as atmospheric forcing.
There are several approaches to modeling
the river water temperature. The two approaches are most frequently used: deterministic and statistical models. Deterministic mod- Figure 1. Modeling points:
at the Lena River delta:
els make use of the mathematical representa1 –– 72.037◦ N, 128.64◦ W;
tion of the underlying physics of the heat ex2 –– 71.4262◦ N, 127.5◦ W;
change between the river and surrounding enviat the Lena Kusur station:
ronment. Such models can include stream ge3 –– 70.68◦ N, 127.35◦ W;
ometry, hydrology and meteorology like input
4 –– 69.5217◦ N, 127.5◦ W
data [17–19]. The advantage of the statistical
models (such as linear or nonlinear regression models) is their relative simplicity and minimal data requirement. The ridge regression is good to use,
when independent variables have a high correlation. In dealing with seasonality, it is better to use the ridge regression. Non-parametric models
offer advantages when analyzing the relationships between the water temperature and environmental variables. The description of statistical water
temperature models is given in [20].
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In [21], in order to understand the climatic influence on the river thermal conditions, there were examined relationships of the air temperature vs.
the water temperature over the Lena River basin as a whole. The monthly
basin mean air temperature with the stream temperatures collected on the
20th day of the month at the basin outlet was correlated. The results show
statistically significant (95–99 % confidence level) positive correlations between the stream and the air temperatures during the open water season.
The correlations are higher in August and September (statistically significant at the 99 % confidence level), indicating to a stronger association of
the stream temperatures with the air temperature in the late open water
season. These results show that the air temperature has a strong association
with the stream thermal characteristics in the Lena basin. According to this
paper, the water temperature in the Lena River can be calculated as

0.7317 Ta − 3.9560 in June,



0.7615 T + 2.7873 in July,
a
Tw =

1.2245 Ta − 1.9432 in August,



0.8099 Ta + 2.5627 in September.
It is important to note that linear and nonlinear regressions are used mainly
for daily averages or weekly means. In our disposal we had the mean monthly
air and water temperatures. The spatial-temporal resolution of our model
enables us to use these data.
First, we examined the linear relationships based on the data collected at
the Kusur station during 1948–1995. The air temperature data at the height
of 2 m at Point 4 (69.5217◦ N, 127.5◦ W) were taken from the NCEP/NCAR
Reanalysis. The correlation between the air temperature and the observed
water temperature is 0.849, 0.665, 0.886, and 0.735 for June, July, August,
and September, respectively. Figure 2 represents the water temperature

Figure 2. The observed and calculated water temperature at the Kusur station
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Figure 3. The calculated water temperature at the Lena River delta

calculated based on these regression relations and the observational data.
In spite of the fact that the calculated water temperature is 2–4 ◦ C lower
than the observational data, it is easy to see a high correlation between the
two temperatures. Used regression formulas specify the air temperature as
the only independent variable, that is why we have obtained this difference.
To have a better estimate of the water temperature, multiple regressions
should be used.
We used the same regression formulas to define unknown temperature at
the Lena River delta (Figure 3). For this purpose the air temperature was
taken at Point 2 (71.4262◦ N, 127.5◦ W) from the NCEP/NCAR Reanalysis.
At the same time, the extremes of the water temperatures were limited to
10 ◦ C.
Third, we used the river temperature calculated at the Lena River delta
to determine the Lena river heat flux into the Laptev Sea in the Arctic
Ocean model and analyzed the sea water temperature anomalies caused by
the river runoff.

4. Numerical experiments
The variability of the Arctic Ocean water masses state was simulated for
the period of 1948 to 2010. The model was driven by the atmospheric data
from the NCEP/NCAR reanalysis. Two numerical runs were conducted for
estimating the influence of the Lena River runoff to the Laptev Sea shelf
water temperature. In the first one, we consider the river temperature to
be the same as the shelf water temperature. The second experiment was
conducted in the period of 2000 to 2009. As the initial distribution there
were used model fields obtained in the first experiment for year 1999. In the
second experiment, during the summer season (June–September) the Lena
River temperature was calculated from the regression relations (Figure 4).
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Figure 4. The calculated water temperature used in the second numerical run

Figure 5. Flow field of the surface layer of the East Siberian Seas shelf

The main attention was given to the formation of temperature anomalies near the Lena River outlet and its further spread. A special attention
was focused on 2007, because during this period, an extremely high water
temperature in the Laptev Sea was fixed. As hypotheses of this anomaly, we
can considere high temperature of the entering river water and abnormally
warm state of the atmosphere above the sea. The simulation results restore
the circulation pattern in the Arctic Ocean and its marginal seas. In accord
with the resolution of the numerical grid, we have obtained only common
features of the water circulation. Figure 5 clearly presents the eastward
transport of waters in the seas of the East Siberian shelf, which promotes
the transfer of the river waters to the east. The reanalysis data release hightemperature values at the Lena Delta in June, 2007 (see Figure 4), which
could contribute to an increase in the sea water temperature and its further
spread to the north-east system flows.
We defined an additional heating due to the incoming river water by considering a difference in the water temperature between the two experiments
(Figure 6). The temperature anomaly in the shelf waters for August 2007
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reached 1.8 ◦ C. In the numerical model,
such an anomaly is characteristic of the
entire vertical column, indicating to intensive vertical mixing shelf waters near
the Lena Delta. Apparently, in the
models with a more detailed resolution
with a more intensive flow a more pronounced propagation path of anomalies
can be obtained. It should be noted
that the results of the simulated temperature anomalies, caused by the Lena
runoff have a local character and disappear during the autumn-winter period.
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Figure 6. Spatial distribution of
temperature difference between runs
at the surface water in August 2007

5. Conclusion
We have restored the Lena-river outlet temperature on the basis of the linear
regression and the atmosphere reanalysis data. Numerical run on the basis
of coupled ice–ocean model has shown the Lena-river heat flux results in
1–2 ◦ C temperature increasing in the shelf water during summer season.
The resulting density stratification has allowed a more intensive vertical
mixing of the water column leading to warming of the near-bottom layer
in the ice-free Laptev Sea. The warmer water temperature near the seabed
may also impact the stability of the shelf submarine permafrost.

References
[1] Morison J., Kwok R., Peralta F.C., Alkire M., et al. Changing Arctic Ocean
freshwater pathways // Nature. –– 2012. –– Vol. 481. –– P. 66-70.
[2] Yang D., Liu B., Ye B. Stream temperature changes over Lena River Basin in
Siberia // Geophys. Res. Lett. –– 2005. –– Vol. 32, L05401.
[3] McClelland J.W., Dery S.J., Peterson B.J., et al. A pan-arctic evaluation of
changes in river discharge during the latter half of the 20th century // Geophys.
Res. Lett. –– 2006. –– Vol. 33, L06715.
[4] Dmitrenko I.A., Kirillov S.A., Tremblay L.B. The long-term and interannual
variability of summer fresh water storage over the eastern Siberian shelf: Implication for climatic change // J. Geophys. Res. –– 2008. –– Vol. 113, C03007.
[5] Yang D., Kane D.L., Hinzman L., et al. Siberian Lena River hydrologic regime
and recent change // J. Geophys. Res. –– 2002. –– Vol. 107(D23), 4694.
[6] Kraberg A., Druzhkova E., Heim B., et al. Phytoplankton community structure in the Lena Delta (Siberia, Russia) in relation to hydrography // Biogeosciences Discuss. –– 2013. –– Vol. 10. –– P. 2305–2344.

34

M.V. Kraineva, V.V. Malakhova, E.N. Golubeva

[7] Costard F., Gautier E., Brunstein D., et al. Impact of the global warming on
the fluvial thermal erosion over the Lena River in Central Siberia // Geophys.
Res. Lett. –– 2007. –– Vol. 34, L14501.
[8] Conlan K., Lane S., Ormerod S., Wade T. Preparing for Climate Change
Impacts on Freshwater Ecosystems (PRINCE). –– Environment Agency Rio
House Waterside Drive, Aztec West Almondsbury, Bristol BS32 4UD, 2005. ––
(Environment Agency Science Report; SC030300/SR).
[9] Review of Hydrometeorological Processes in the Arctic Ocean 2007. –– St. Petersburg: AARI, 2008 (In Russian).
[10] Golubeva E.N., Platov G.A. On improving the simulation of Atlantic Water
circulation in the Arctic Ocean // J. Geophys. Res. –– 2007. – Vol. 112, C04S05.
doi:10.1029/2006JC003734.
[11] Golubeva E.N., Platov G.A. Numerical modeling of the Arctic Ocean ice system response to variations in the atmospheric circulation from 1948 to 2007
// Izvestiya, Atmospheric and Oceanic Physics. –– 2009. –– Vol. 45, No. 1. ––
P. 137-151.
[12] http://climate.lanl.gov/Models/CICE.
[13] Steele M., Morley R., Ermold W. PHC: A global hydrography with a high
quality Arctic Ocean // J. Climate. –– 2000. –– Vol. 14, No. 9. –– P. 2079–2087.
[14] Murray R.J. Explicit generation of orthogonal grids for ocean models // J.
Comput. Phys. –– 1996. –– Vol. 126. –– P. 251–273.
[15] http://www.esrl.noaa.gov/psd/data/reanalysis/reanalysis.shtml.
[16] http://www.rarcticnet.sr.unh.edu/RussianRiverTemperature-Website.
[17] Morin G., Couillard D. Predicting River Temperatures with a Hydrological
Model. Encyclopedia of Fluid Mechanics 10. –– Hudson, Texas: Gulf Publishing
Company, 1990. –– P. 171–209.
[18] Sinokrot B.A., Gulliver J.S. In-stream flow impact on river water temperatures
// Journal of Hydraulic Research. –– 2000. –– Vol. 38. –– P. 339–349.
[19] St-Hilarie A., Morin G., El-Jabi N., Caissie D. Water temperature modelling
in a small forested stream: implication of forest canopy and soil temperature
// Canadian J. Civil Engineering. –– 2000. –– Vol. 27. –– P. 27–45.
[20] Benyahya L., Caissie D., St-Hilarie A., et al. A review of statistical water temperature models // Canadian Water Resources Association. –– 2007. –– Vol. 32,
No. 3. –– P. 179–192.
[21] Liu B., Yang D., Ye B., Berezovskaya S. Long-term open-water season stream
temperature variations and changes over Lena River Basin in Siberia // Global
and Planetary Change. –– 2005. doi:10.1016/j.gloplacha.2004.12.007.

