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The study aims at the analysis of the long-term hydrometeorological data and
hydrological modelling at the small permafrost Shestakovka river basin. The basin
has postponed reaction to precipitation on different time scales from days to
years. Annual, seasonal and monthly streamflow has higher correlation with
precipitation sum for corresponding and antecedent time intervals than for the
corresponding period only. It suggests importance of water storage and slow
water release in the runoff generation that could be related to the
suprapermafrost talik aquifers found in the river basin. A spatially distributed
physically-based ECOMAG model was applied to the Shestakovka River basin.
Evaluation of the simulated river runoff, soil moisture and snow water equivalent
was carried out over a period 1990–2014. Obtained NSE 0.59 and PBIAS –3%
could be considered as satisfactory modelling results taking into account high
interannual and seasonal observed streamflow variability under much less
variable meteorological conditions.

Abstract Study basin, Data and Methods

Data Analysis

The studied Shestakovka River watershed with
area 170 km2 is located in 15 km to south-west of
Yakutsk within the erosion-denudational slope of
the ancient accumulative plain with absolute
elevation of 150-280 m. The permafrost
thickness is 200-400 m. The upper 40 m of the
section are represented by quartz-feldspar sands
with rare inclusions of silty sandy loam and loam.
The climate is cold and dry with mean annual air
temperature –9.5°C, precipitation 240 mm/year
(1950–2015). Dominant landscapes are pine
(47% of the watershed area) and larch (38%)
forests. Mires and bogs cover rest of the
watershed.
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Hydrological Modeling

Relationships between annual streamflow and 
precipitation, 1951–2018

On average half of the annual Shestakovka River streamflow occur during the springflood in April and May.
Fraction of the spring freshet in the annual streamflow varies from year to year from 3 to 82 %. Spring
freshet correlates better with precipitation from June of the antecedent year to May of the corresponding
year (r = 0.68) than with winter precipitation (October-May, r = 0.50) or antecedent summer precipitation
only (June-September, r = 0.51). Found relationships suggest that spring freshet equally depends on snow
and previous summer wetness conditions.

Mean annual Shestakovka River streamflow amounts to
25 mm that is approximately 10% of the mean annual
precipitation. Annual streamflow has low correlation
with annual precipitation of the corresponding year (r =
0.45). Correlation of annual streamflow with
precipitation sum for corresponding and antecedent
years (r = 0.62) is similar to one with precipitation sum
for corresponding and two antecedent years (r = 0.62).
Found relationships agree with the fact that soil
moisture in forested landscapes in Central Yakutia
depends on precipitation of the antecedent year.

Precipitation in Yakutsk and Shestakovka river annual 
streamflow, 1951–2018

Relationships between springflood and 
precipitation (1951–2018) 

In the study for statistical analysis we used data from
the field campaigns in 2015–2018, expeditionary
data archives from 1979–1985, long-term streamflow
and meteorological data available for the watershed
from 1951 to 2015 from the Kamyrdagystakh
hydrological gauge and Yakutsk weather station. We
used ECOMAG software for hydrological modeling.
Global databases HWSD and GLC were used to
determine model parameters. Schematization (35
subbasins) of the basin and river network was carried
out based on the Arctic DEM 10 m. Daily data of air
temperature and humidity, precipitation measured at
2 weather stations Yakutsk and Pokrovsk were used.

Daily observed (black) and simulated (red) 
hydrographs of the Shestakovka River at the 

Kamyrdagystakh gauging station in low (1992, 2001), 
middle (2010) and high (2008) water years.

We used data from the measured volumetric soil moisture at a
depth of 30 cm for the period 1981–1983 near Lake Malaya
Chabyda. The correlation coefficient was 0.5 with PBIAS of –0.1%
for the warm period from May to September.

Measured and simulated values of the volumetric soil moisture at a 
depth of 30 cm near Lake Malaya Chabyda

Measured and simulated values of the snow water equivalent in the 
Shestakovka River basin over a multi-year period

The values of statistical criteria for the period 1990-
2014 were NSE 0.59 and PBIAS –3%. The
correlation coefficient between the observed and
simulated annual flow of the Shestakovka River was
0.78 for the period 1990–2014, and for the
maximum daily discharges was 0.69. The simulated
and observed streamflow has better agreement in
wet years than in dry years. Modelled streamflow
shows higher correlation with precipitation than
observed values. The model simulates faster and
stronger streamflow response to snowmelt and
rainfall than the river shows in reality.

To assess the accuracy of modeling snow water equivalent, we
used data from snow course survey in the forest near the Yakutsk
weather station for the period 1990–2014. The model
overestimates the amount of snow water equivalent by 15%,
while the correlation coefficient and NSE were 0.89 and 0.66.
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