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Motivation

Ice jams formation frequency – 62%
Disastrous floods – 1936, 1953, 1979,
1998, 2013, 2016

H, cm 

Hazardous 
water level

Velikiy Ustyug is an ancient Russian city
founded in 13th century. Nowadays the urban
areas have spread from terraces to river
floodplains, which, together with the location
of the city at the junction of large rivers and
the high frequency of ice-jamming,
predetermines a high danger of flooding.



Modeling of flooding in the river reaches with ice-jam formation

Open water level

Ice-jam induced water level rising
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STREAM_2D and STREAM_2D CUDA 
two-dimensional model with ice-module 
(Aleksyuk, Belikov et. al.)

where (𝑥, 𝑦) and t are the Cartesian coordinates and 
time;
𝑢(𝑥, 𝑦, 𝑡), 𝑣 𝑥, 𝑦, 𝑡 depth-averaged fluid velocity 

components
ℎ 𝑥, 𝑦, 𝑡 - the flow depth; 
𝑏′ = 𝑏 + 𝜌𝑖𝐻/𝜌, where 𝑏 denotes the bed level;
𝜌 and 𝜌𝑖 represent water and ice density, 
𝐻 - ice thickness; 

vectors (𝜏1
𝑏, 𝜏2

𝑏) and (𝜏1
𝑖 , 𝜏2

𝑖 ) - the bed and ice surface 
shear stresses,
𝑔 - is the gravitational acceleration.
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Hydrodynamic modeling taking into account ice jams

obs

sim

Daily observed (1) and simulated (2) water levels (H) at the gauge Velikiy

Ustyug (only periods of each year from April, 1 till June, 30).

Period Years

Days with ice-

jams formation All 

Calibration 1980–1998 0.72 0.94

Verification 1999–2016 0.79 0.91

Efficiency criteria (NSE) received for comparison of observed and 

simulated daily water levels at the gauge station Velikiy Ustyug



Мaximum water  levels in the years with ice-jam formation
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Comparison of maximum year observed (1) and simulated (2) water levels at the
gauge Veliky Ustug for the period 1980–2016 years;
additional ice-jam induced water level rising (3);
open water levels in the years with ice-jam formation (4).



Parameters of ice module, received for different heights of ice-jam 
induced water level rising near city Velikiy Ustyug

№

Type of ice-jam

Ice-jam induced 

water level rise, 

m

Ice roughness 

coefficient, ni

Ice thickness 

parameter, m

1 Small <1.5 0.045 1

2 Medium 1.5–2.5 0.045 1.5

3 Congestion 2.5–3.5 0.075 2

4 Catastrophic >3.5 0.100 2



Models chain

Mesoscale 
atmospheric 

model COSMO-
Ru

• Precipitation, 

• air temperature, 
deficit of air 

moisture

Runoff 
formation 

model
ECOMAG

• River discharges

Two-dimensional 
hydrodynamic 

model
STREAM_2D

• Water levels, 
flooding depths, 

• boundaries of 
flooding, 

• flow velocities

Northern Dvina River basin

1 - 3 day advance flooding 
forecast



Runoff formation modeling using ECOMAG software on the base of 
observed meteorology

Period NSE, daily discharges

r. Sukhona –
Kalikino

r. Ug –Gavrino
(closed in 1989)

1969 – 1984 

(calibration)

0.83 0.84

1985 – 2014 

(verification)

0.81 0.79



Data of the regional meteorological model COSMO-RU as the base for 
runoff forecasting in the North river basin
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Daily discharges of Sukhona river –gauge 
Kalikino: observed (1), simulated on the base 

ECOMAG using observed meteorology (2), 
simulated on the base ECOMAG using forcing 

data of COSMO-ru (3)



Forecast of discharges and water levels for the flood 2016 with 

different advance time
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1 сутки 2 суток 3 суток фактический 

δ NSE

1 day 0,84

2 days 0,86

3 days 0,87

δ

Q, m3/с

S σΔ S/σΔ SΔ SΔ/σΔ

1 day 389 133 2,93 105 0,79

2 days 365 256 1,42 172 0,67

3 days 345 374 0,92 200 0,54

δ
NSE

All period Open water period

1  day 0,86 0,84

2 days 0,90 0,89

3 days 0,92 0,90

δ
H, m a.s.l.

S σΔ S/σΔ SΔ SΔ/σΔ

1 day 0,67 0,36 1,86 0,41 1,14

2 days 0,52 0,65 0,81 - -

3 days 0,39 0,88 0,44 - -

obs 1 day 2 days 3 days

obs1 day 2 days 3 days



Maximum flooding in the year 2016

Flooding zone forecast

ice jams

simulated flooding 

depths, m

flooding zone from Landsat

flooding zone 

from Landsat

ice jam

Simulated flooding depths, m

City blocks 



Flood operational forecasting system
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Thank you for the attention!


