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ABSTRACT. STREAM_2D software package was applied for retrospective and predictive simulations of the Lena River hydraulic 
and channel changes during ice-free period near the city of Yakutsk. The modelling results indicate significant correspondence 
of simulated water discharges distribution and water levels with observed one, the model also has captured main erosion 
and accumulation zones, according to the 2009–2016 years observations. Runoff hydrographs of the ECOMAG runoff model 
simulations based on the global climate model MIROC-ESM-CHEM data were used as input for the hydrodynamic model with 
daily time step for two climate scenarios RCP2.6 and RCP8.5.
 Comparison of scenario, based on modern hydrographs, and two scenarios, based on climate projections, have shown 
the changes in the range of channel-forming discharges and their duration. According to the results of 20-year simulation of 
channel evolution for three scenarios, the position of the main areas of erosion and deposition under scenario RCP2.6 and 
RCP8.5 retained the same as under actual scenario, but some additional new local areas of erosion can be formed during peak 
flows near the banks. Erosion can increase by up to 1 - 2 meters and even more in some areas, but the shifting of some large 
erosion-accumulative forms is slower than according to the scenario, based on the modern hydrographs, due to the reduced 
duration of channel-forming flood discharges.
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INTRODUCTION

 The analysis of flow hydraulics at sites with complex 
topography, taking into account the large number of structures 
in the channel (incisions, diversion dams, water intakes) and 
in the floodplain (bridge crossings, flood protection dams, 
etc.) has been carried out last decades using hydrodynamic 
modeling methods (Jodhani, 2021). Calibration and validation 

of the hydraulics at different flow rates (e.g. with and without 
floodplain inundation) is mandatory for such modeling. 
Although nowadays there are some examples of models for 
long sections of large rivers such as the Parana (Guererro et al., 
2015), Mississippi (Scott et al., 2008), Nile (Saeed et al., 2020), 
usually due to their complexity, moving-bottom hydrodynamic 
models are mainly used for non-extended channel reaches 
and/or for non-extended time periods (Sloff et al, 2012; Horvat 
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et al., 2015; Zhang et al., 2014). Moving-bottom simulations 
are very computationally demanding, so there is a difficulty to 
perform calculations for complex computational meshes for 
long periods. Often the data on real channel changes are not 
available for the validation of the modeled channel evolution 
for long periods or for all modeling area. 
 At the same time, the need for prospective long periods 
modeling of channel evolution is driven by the requirement 
of comparative hydromorphological processes analyzing in 
the river section both under modern conditions and in the 
future, in order to assess the degree of anthropogenic impact 
on the water and channel regimes. Mathematical modelling 
has becoming one of the powerful tools in this case, which, 
combined with traditional hydrological and morphological 
approaches, gives opportunity for the rate and direction of 
channel changes assessment and developing of medium 
and long-term channel evolution forecasts, both in existent 
conditions and also taken into consideration various feasible 
infrastructure projects in river channels and on the floodplains. 
 An important issue in predictive modelling is the choice 
of computational scenarios. The most traditional approach 
to the problem is to use schematic hydrographs based on 
modern runoff series as input, sometimes taking into account 
discharges of low repeatability (for example, 1% probability 
discharge) (Vijay et al.,2007; Golovlyov et al., 2019). However, 
in the climate changes context, this approach does not 
allow to consider the impact of expected changes on the 
water regime and channel deformation, which is particularly 
relevant for the areas, where modern trends are clearly 
expressed and further runoff growth is projected. At the same 
time, demand on the assessments of the possible climate 
changes impact on water regime and channel processes is 
very high and such tasks require the development of new 
approaches, based on mathematical modelling methods.
 Runoff is one of the key factors determining the intensity 
of channel evolution. Estimation of runoff changes based on 
runoff formation models grounded on global climate model 
data is now widespread (Gelfan et. al., 2021). A number of 
studies has also demonstrated the possibility of combining 
flow generation models with other types of models, 
including hydrodynamic ones (Grimaldi et al., 2019, Krylenko, 
2023), to assess changes in the hydrodynamic characteristics 
of flow and flooding. The including of hydrodynamic models 
with channel bottom deformation module in this model 
chains is not so often, for example (Nones et al., 2014) due to 
complexity of the task. Thus, it is possible to perform scenario 
calculations taking into account runoff changes for the period 
of the climate forecast if the block of channel deformations is 
included.
 The possibilities and limitations of this approach are 
considered in our paper on the example of the Lena River 
near Yakutsk city. The city of Yakutsk (which is administrative, 
culture and industrial center of the North East of Russia) is 
situated on the left bank of the Lena River. The city has faced 
with many problems, concerning intensive channel processes 
last decades. Sediment accumulation near the main water 
intake structure, supplying Yakutsk city by the drinking water, 
and deterioration in conditions of navigation roots to the 
main city ports are the most dramatic problems. This region 
is characterized by a significant increase in annual runoff 
volumes and growing anthropogenic pressures, including the 
bridge construction and floodplain development projects. 
 This study is performed on the base of STREAM 2D 
hydrodynamic model (Belikov and Aleksyuk, 2020), adapted 
for the 75 km long River Lena section near Yakutsk. The first 
task was to perform detailed model hydraulic calibration and 
validation to apply the model for a complex channel and 
floodplains system of the Lena River near Yakutsk. Validation 

of the channel deformation modeling through continuous 
simulation for the period between repeated channel surveys 
of 2009 and 2016 was the next goal in order to assess the 
quality of the model’s reproduction of the main trends in 
vertical channel changes. The final parts of the research 
consider the possible channel changes for 20-year forecast 
period taking into account projected the Lena River runoff 
changes under the RCP2.6 and RCP 8.5 climate scenarios, 
especially regarding the difficult situation with the city’s water 
supply due to the shallowing of the Adamovskaya channel, 
which is closest to Yakutsk city.

STUDY AREA

 The city of Yakutsk, which is now the administrative 
center of the Sakha Republic, is an old Russian city (founded 
in the 17th century) located in the Lena River valley in the area 
under study. The city’s population is about 300 thousand 
people. Three hydrological gauges are in operation within 
the considered section of the Lena River near Yakutsk city. The 
measuring discharges and water levels gauge in the village 
of Tabaga is located in the upper part of the studied reach. 
The Lena River basin area for the Tabaga gauge is 897 000 
km2. The water level measuring gauge of the Yakutsk city is 
situated in the middle part of the study area, and Kangalassy 
gauge (Fig. 1) is located at the lower boundary of the area. 
The river section under study is characterized by numerous 
ramifications, and is located between the Tabaginsky cliff 
at upstream and the Kangalassky cliff in the lower reaches 
(which limit the spread of the left bank floodplain) and low 
terraces above the floodplain, as they are rocky capes. The 
width of the main channel of the Lena River in this section is 
3.5-4 km.
 Numerous engineering and water facilities exist in the 
city of Yakutsk on the Lena River, so it is necessary to take 
into account the peculiarities of the water and channel 
regime of the river for their safe operation. An unfavourable 
situation has been created in recent years for the entire water 
infrastructure of the city in the territory, due to the fact that 
the river channel near the left bank, where the city is located, 
grows shallower, while the right branch develops and large 
forms of the channel topography also shift (Chalov et al., 
2016). The above-mentioned re-formations of the channel 
lead to the displacement of the navigable fairway, which 
complicates the work of the port, leads to failure of the city 
water intake, and complications associated with the ferry 
crossing. The adverse channel changes effect on this section 
of the Lena River was discovered for the first time as early as 
the 1970s by the expedition of the Lomonosov Moscow State 
University, and even then forecasts, according to which the 
shallowing of the branches near the city was expected, were 
made (Zaitsev and Chalov, 1989; Chalov et al., 2012). Different 
projects were performed for the preserving of the main flow 
in the city area in connection with the existing problems 
of water use, including hydrodynamic model application 
(Belikov et al., 2002).

MATERIALS AND METHODS

Hydrodynamic modeling

 STREAM 2D software package, based on the numerical 
solution of two-dimensional Saint-Venant equations in the 
“shallow water” approximation and widespread in Russia, 
was used for modeling. Hybrid computational grids of 
irregular structure and original topography interpolation 
algorithms have been applied for the task. This software 
showed high efficiency in modelling both for flow hydraulics 
and channel changes, including those for different key 
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area in Russia (Volga, Ob, Lena, Kolyma, Vilyuy, Yana, Amur 
etc.) (Belikov and Aleksyuk, 2020; Belikov et al, 2023). The 
description of the mathematical equations included in the 
numerical scheme of the model is presented, for example, 
in (Aleksyuk and Belikov, 2017). When modelling, a block 
of channel changes was involved, taking into account the 
convective transport of soil particles by flow, soaking up and 
sedimentation of sediments in an uneven flow, changing 
the bottom levels over time, taking into account the effect 
of flattening (transverse diffusion) of the underwater slope 
in a direction orthogonal to the velocity vector. 
 Model area is cover 75 km of the Lena River valley 
including branched channels and wide floodplain from 
Tabaga to Kangalassy gauge cites. Data of these stations 
were used for model boundary conditions assigning. Data 
of Yakutsk city gauge station as well as measured during 

field campaign water levels and flow velocities was taken 
into account for model calibration and validation. Model 
based on irregular hybrid curvilinear quadrangular and 
triangular mesh, which includes more than 50 thousands 
sells. 
 The initial data for the application of the hydrodynamic 
model were the materials of field researches of the soil 
erosion and channel processes laboratory at the Geography 
Faculty of Moscow State University, including the results 
of repeated bathymetric surveys, measurements of water 
discharges, water levels and water slopes and daily regime 
observation data of hydrological gauges on the Lena rivers - 
Tabaga, Yakutsk, Kangalassi. The bathymetric survey data for 
2009, 2016, 2021 were integrated with the digital model of 
the floodplain topography to create the integrated digital 
topography models. The map of jam-hazardous part of river 

Fig. 1. Study area
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channels was compiled on the basis of historical data and 
satellite images to set the places of ice jams formation, the 
dates of the ice jams formation were taken according to the 
hydrological gauges data. 
 The field data obtained during the expedition researches 
in 2016 was used to set the parameters of the channel-
forming sediments fractions. Mainly the channel sediments 
are represented by the sand with an average diameter of 0.36 
mm, so the average diameter of the channel sediments was 
taken into account in the simulations. Initial model hydraulic 
calibration was performed based on data of the same field 
campaign. Model calibration and validation was done on the 
second step, based on long-term data of hydrological gauges 
Tabaga and Yakutsk from 2001 up to 2016 year. Due to the 
presence of multi-temporal bathymetric surveys, actual and 
modelled bottom evolution for the period 2009-2016 were 
compared for validation of channel deformation block.

Input runoff scenarios for the channel evolution forecast

 Modeling of flow dynamics and channel changes was 
performed for the 20-year forecast period with a daily step. 
Modern bottom topography from 2021 year was used as a 
starting point. To save computation time, the modelling was 
carried out only for the warm period from May 1 to October 1 
of each year, which covered the passage of the most important 
for the formation and displacement of the main channel 
forms, winter periods were excluded from the simulations.
 As the base scenario 1, we used combination of modern 
hydrographs for the last years 2010 - 2020, repeated twice, to 
represent the modern conditions of channel formations. On 
the peak of one flood, 1% probability discharge was added.
 We used outputs of ECOMAG runoff model (Motovilov, 
2016) based on the data of the global climate models with 
daily time step to take into account possible runoff change 
at the 21st century. Ensemble of five models and different 
climate scenarios for the Lena River - for Tabaga gauge 
were considered during flooding characteristic modeling at 
separate research (Krylenko, 2023). We examined in detail the 
results of scenario modeling based on data from the MIROC-
ESM-CHEM climate model (Nozawa et al., 2004) in this study, 
because the estimates of the runoff characteristics of the Lena 
River using this model as climate forcing well correspond to 
observed ones for the historical period and are closest to the 
ensemble average.
 Climate projections for two greenhouse gas emission 
scenarios were taken into account, “soft” scenario rcp2.6 and 
“hard” scenario rcp8.5. Projected long-term flow hydrographs 
for the period from 2046 to 2065 from ECOMAG runoff model, 
forced by data of the MIROC-ESM-CHEM climate model, for 
the scenarios RCP2.6 and RCP8.5 were used as input data for 
the STREAM 2D hydrodynamic model. As result, three input 
runoff scenarios for the Lena River bottom change simulations 
was considered: 1. modern runoff input; 2. runoff change 
according scenario RCP2.6; 3. runoff change according 
scenario RCP8.5.

RESULTS 

Results of model calibration and validation

Calibration and validation of hydraulic characteristics 
based on field data 

 The calibration and verification of the model was 
originally carried out based on data from 2016 field 
surveys, including a comparison of the water level marks 
along the longitudinal profiles and the distribution of the 
water discharges along the branches for various water 

discharges. When the roughness coefficients equal to 
0.015–0.017 for the channels and 0.05 for the floodplain, a 
good compliance between the measured and calculated 
water levels at the control points was reached. The 
difference between the modelled and observed water 
levels at the Yakutsk gauge was 1–4 cm. The difference 
between the values obtained during special expeditionary 
surveys (instantaneous water level measurements) and the 
results of modelling at control points did not exceed 10–18 
cm on the average along the length of the study section.
 The model reproduces well the distribution of water 
discharges among the main branches. In the main 
branching point near the Yakutsk city, which determines 
the water situation of the city, the Adamovskaya channel, 
closest to the city, receives 37-39 % of the input water 
discharge in the flow range from 9560 to 30000 m3 s-1 
according to measurement data, the right Buorylarskaya 
channel gets up to 55 % of the input flow, which reproduces 
the model. The remaining 7 % of the input water flow goes 
along the Khatykhstakhaya channel, and the model slightly 
underestimates the water discharge in it (modelling value 
is 5 % of the total water flow), due to the small detailing 
of the computational grid in this channel because of its 
insignificant width in comparison with the main channel.

Calibration and validation of hydraulic characteristics 
based on long-term data of hydrological gauges

 Additional refinement of the roughness coefficients for 
the ice jams periods at the hazardous sections according 
to the data for 2009-2015 was made to simulate water flow 
dynamics for the flood periods, and it was found that the 
best compliance of the water levels is provided with the 
roughness coefficients of the ice jams sections equal to 
0.073.
 The simulation, based on data for the period from 2001 
to 2015, showed that the hydrodynamic model, adapted 
according to the field and regime observations data for 
2009-2015, provides a steady good quality of water levels 
modelling over a long-term period, which confirms both by 
visual match of the graphs of the observed and simulated 
water levels (Fig. 2), and high values of the simulation 
quality criterion. The criterion of Nash-Sutcliffe (NSE) for 
the studied periods for the Lena River gauge in Yakutsk 
was 0.90 for 2001–2008 and 0.93 for 2009–2015 years (it is 
assumed that the results with NSE> 0.75 can be considered 
as good in the hydrological modelling practice). 

Validation of inundation zones based on data of satellite 
images

 An additional validation of the model was carried out 
by comparing the simulated flooding boundaries with 
the flooding boundaries provided by satellite images 
(more than 20 images). It was found that the relative 
error for the divergence of flooded areas does not exceed 
10 % during floods and high waters and the maximum 
divergence reaches 18 % during ice jams when comparing 
the real hydrological situations observed by modeling and 
interpreting satellite images (Kornilova et al., 2018).

Validation of channel changes modeling results for the 
historical period

 Due to the presence of multi-temporal bathymetric 
surveys, both actual and model bottom evolution were 
evaluated for the period 2009-2016. Despite some 
limitations of model simulations (only the warm period 
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of the years were modelled, sediments were considered 
as homogenous), the main positive result was the 
correspondence of the simulated and observed main 
zones of erosion and deposition (Fig. 3). Totally, in the 70 % 
of modeling sells inside the channels deposition or erosion 
zones coincide with estimated according bathymetry 
surveys. But one can notice some alternation of sections 
with almost complete coincidence of the situation of the 
simulated and actual changes and areas, where the model 
reproduced not so good.
 The model adequate showed the channel changes in 
the upstream part of the studied section from the Tabaga 
until the Chemyat island.  The model indicated erosion 
zone near the right steep bank downstream from this part 
of the channel, but in reality there are deposition zone. The 
possible reason of this discrepancy can be that the model 

is underestimated planform channel changes, which 
took more flow energy. There is the vast deposition zone 
near the Tigiryakh island. The stable two-stream system 
has formed near this island in the last decade, which is 
of decisive importance for the channel processes within 
the Yakutsk. The model again showed a situation close 
to reality in this area. The obtained distribution of water 
flow along the branches corresponds to that observed 
in the 2016 year (the flow discharge was distributed 
equally among the right and left main branches). In the 
next section from the Tigiryakh island to Ponomarev 
island, which is the most difficult for modelling because 
of the diversity channel processes factors, the simulation 
results can only be called partially successful. The model 
showed erosion along the left bank, but did not identify 
it in the central part of the channel. Despite the strong 

Fig. 2. Observed and modelled water levels at the Yakutsk gauge at 2001-2008 (ice-free periods)

Fig. 3. Deposition (shown in green colour) and erosion (shown in red colour) zones in the Lena River channel for the 
period 2009 – 2016 year according observation data (a) and modelling (b)
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discrepancy between the actual and model data, the 
distribution of water flow between Adamovskaya  and 
Buorylarskaya branches coincides with the observed (39 % 
and 51 % correspondingly). Along the Adamovskaya and 
Buorylarskaya channels, the model has demonstrated quite 
realistic results. In the downstream section of the Lena River 
near Zhatay 75 % of the flow is going in the main stream. 
Modelling on this section showed a result that is different 
from the observed one. This section is characterized by the 
maximum rate of planform changes. 

Water regime and channel processes under climate 
change scenarios 

 According to the analysis of the input hydrographs, it is 
expected that both the annual and peak runoff of the Lena 
River will increase during the 21st century, under both “soft” 
and “hard” climate scenarios (Fig. 4a). The increase in annual 
runoff could be up to 18% by the middle of the century and 
19% at the end of the century under a “soft” scenario. Under 
a “hard” scenario, the increase could be as high as 23%. A 
significant increase in maximum discharges and a shift of 
floods to earlier dates are expected (Figure 4b). Thus, the 
maximum discharge during the second half of the 21st century 
under the RCP2.6 scenario could reach 57 000 m3 s-1, and under 
the RCP8.5 scenario, it could reach 72 000 m3 s-1. This would 
be by 7% and 35% higher, respectively, than the present-day 
1% probability discharge, which is estimated based on a long-

term series of observations at 53 100 m3 s-1. This increase in 
water discharge would lead to a corresponding increase in the 
depths and areas of flooding in riverine territories. In addition 
to an increase in the maximum discharge during snow-melt 
flood, the predicted hydrographs are characterized by a 
decrease in the discharge during the rain flood period, which 
is particularly pronounced for the hardest scenario RCP8.5. 
 Changes in runoff hydrographs are reflected in changes 
in the channel-forming discharge curve for the climate 
projection period. The channel-forming water discharges 
are those which have the most significant impact on the 
channel over a multi-year period (20-25 years) and at 
which the greatest sediment discharge is observed. They 
correspond to the maximums of the function f(P*Q2). The 
calculated product (P*Q2) for determining channel-forming 
discharge accounts for changes in water content of a river 
through the recurrence P of observed water discharges 
(Borshchenko, Chalov, 2010; Chalov, 1987). According 
analysis of modelled discharges, the main channel-forming 
discharge shifts from a range of 26000-27000 m3 s-1 to a 
range of 36000-40000 m3 s-1 even under the mild climate 
scenario, and two peaks in the range of 38000-42000 m3 s-1 

are observed under the RCP8.5 scenario (fig. 5).
 The main Adamovskaya and Buorylarskaya branches, 
which determine the situation near Yakutsk city, under 
RCP2.6 scenario, develop similarly to the trends shown in 
the current channel forecasts. The water content of the 
Adamovskaya branch increases significantly relative to the 

Fig. 5. Predicted runoff hydrographs derived from the ECOMAG model using data from the global climate model MIROC-
ESM-CHEM, used as input data for assessing trends in changes in channel reshapes (a); channel-forming water discharge 
in the present period and under climate change under RCP2.5 and RCP8.5 scenarios simulated with MIROC-ESM-CHEM 

climate model data (b)

Fig. 4. Maximum discharge based on modeling results (a) and multiyear averaged predicted runoff hydrographs obtained 
from the ECOMAG model using data from the global climate model MIROC-ESM-CHEM for the middle of the XXI century 

(b), Lena River (Tabaga) for two climatic scenarios
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Buorylarskaya branch by the end of the 20-year forecast 
period (Fig. 7a). Under scenario RCP8.5, the Adamovskaya 
and Buorylarskaya branches retain almost equal water 
capacity under the maximum discharge during the 
whole forecast period. However, there is a positive trend 
is the growth of low-water discharge in the Adamovskaya 
branch (Fig. 7b), which will favourably affect the situation 
with water supply in Yakutsk.

DISCUSSIONS

 Comparison of modelled bottom changes with the 
observed ones for the period 2009-2015 has demonstrated 
that in the 70 % of channel grid sells model adequately 
reproduce the erosion and deposition trends. In connection 
with the novelty of such studies for large sections of lowland 
rivers, these results should be considered as positive. At the 
same time, the use of a hydrodynamic model to reproduce 
channel evolution has a number of limitations. In general, 
the accuracy of channel changes estimates based on 
modelling methods is determined by a number of objective 
factors. The most important factors are: 

 - Accuracy of hydrometeorological scenarios selection 
for the period under study (including annual runoff 
hydrographs), taking into account the peculiarities of ice 
phenomena passage, etc;
 - Variability of the river channel evolution process itself 
(occurrence of so-called bifurcations of the solution). It is 
well known that repeated replication of the same physical 
experiment with a deformable bed under identical initial 
and boundary conditions can lead to different results;
 - Difficulty in taking into account in the modelling, 
for objective and subjective reasons (inadequacy and 
inaccuracy of the initial data, complexity of a number 
of physical processes, etc.), a number of factors that 
significantly influence the process of evolution of the river 
channel (heterogeneity of the bed materials; presence 
in some areas of an underlying surface that is difficult to 
erode; presence of various types of vegetation that hinder 
erosion; presence of permafrost and frozen ground after 
winter);
 - Difficulty in accounting for bank erosion and planform 
changes. 

Fig. 6. Projected channel changes for scenario 3 (under RCP8.5 runoff input) (a); zones of negative (1) and positive (2) 
differences (more than 1 m) between final channel bottom from scenario 3 (under RCP8.5 runoff input) in comparison 

with scenario 1 based on modern runoff after 20-year period of channel deformations (b)
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Fig. 7. Discharge in the Adamovskaya and Buorylarskaya branches under modeling based on predicted hydrographs: a) 
under the RCP2.6 scenario, b) under the RCP8.5 scenario

 For the Lena River section under study discrepancies of 
simulation results with observed one in some sections is 
connected with the determining role of planform changes 
there. The further development of the model should 
take into account planform channel deformation block 
improvement. More attention should be pay also for the 
ice-covered period and ice jams periods, for which channel 
bottom changes have not been investigated enough. 
 In case of climate projection, the complex consideration 
of mentioned above factors, in particular planform 
changes due to bank erosion and permafrost degradation, 
is currently difficult to implement in practice. Long-term 
simulations of channel evolution (over a period of more 
than 50 years) without accurate estimations of planform 
changes can lead to unrealistic results. 
 Possibility to consider changing of the input 
hydrographs due to climate change is demonstrated 
in this work. The obtained estimates of changes in the 
hydrographs of the Lena River at Tabaga gauge for the 
period of climate forecast have shown, that simple 
extrapolation on the basis of existing trends does not give 
an idea of changes in the shape of hydrographs and, as 
a consequence, changes in the range of channel-forming 
discharges. It is also shown, that due to the change of 
channel-forming discharges, new local areas of erosion 
occur during peak flows, especially near the banks.
 Also it will be important to take into considerations 
further the contribution of the catchment component 
of sediment load, to improve the modelling approach 
for simulation of the river channel evolution. Economic 
development of the area and intensification of erosion due 
to thawing permafrost under different climate warming 
scenarios will increase the contribution of sediment inflow 

from the catchment to the Lena River channel. According 
to (Maltsev and Ivanov, 2022), soil erosion losses in the 
catchment near the city of Yakutsk have increased by 4% 
over the last decade. This additional material may influence 
channel incision and redistribution of runoff along the 
branches. 

CONCLUSION

 The numerical two-dimensional hydrodynamic 
model of the Lena River near Yakutsk city was developed, 
calibrated, and verified using field data. The model 
successfully reproduce the distribution of water discharges 
among the channels, the water level regime for a long-
term period and zones of inundation. 
 Comparison of modelled bottom changes with the 
observed ones for the period 2009-2016 has demonstrated 
that in the 70 % of channel grid sells model adequately 
reproduce the erosion and deposition trends.  The aim of 
the future directions of the study is further improving of 
modeling, taking into account planform changes, ice cover, 
permafrost and contribution of the catchment component 
of sediment load. 
 The obtained estimates of changes in the hydrographs 
of the Lena River at Tabaga gauge for the period of climate 
forecast have shown, that simple extrapolation on the basis 
of existing trends does not give an idea of changes in the 
range of channel-forming discharges and consequently in 
the channel evolution over long-term period. In this case, 
an integrated approach, described in the paper, using 
input hydrographs from the runoff formation model offers 
a number of advantages for a better-grounded choice of 
simulations scenarios.
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