Ice-jam floods modeling in frameworks of intelligent
system for river monitoring

Krylenko?P<* A, Alabyan&Pc V. Zelentsov A.¢, V. Belikov®<,

A. Sazonovab:c, |, Pimanove, S. Potryasaeve®
8 Faculty of Geography, Lomonosov Moscow State University
b\Water Problems Institute, Russian Academy of Sciences, Moscow,
¢ St. Petersburg Institute for Informatics and Automation, Russian Academy of Sciences,

St. Petersburg, Russia



Study area

city Kotlas

v .

5

)

s 3

"% S PECAYENNKA
¥ °"p,, KoM#u
o &

2 e,

APXAHFTENNbCKAA OBNMTAQT b
& CBIKTBIBKAP @

£

MEPMCK R
KPAR

%%
BONOTAA %,
e KOCTPOMCKASA OB/ACTh KEFROCEARGEIACTD

PSS BT S

city Velikiy Ustyug



Motivation

H; cm @ H(Q) @ Haat
1936 =55 Hazardous — - S—
1000 -
000 | m 7 l water Ieve\ |
800 | i !
| | l B ] —| ] = " ’—

?OO L ! I I—-J | " = ] N |
2 i Wt
o Ml R AR et pol T et o
ol |l | ‘J | | | A i w
"0 RILIEIEN LR AL | AL LA AR LA AL

1935 1955 1965 1985 1995 2005 2015

Ice jams formation frequency - 62%
Disastrous floods - 1936, 1953, 1979,
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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

Ice-jam induced water level rising STREAM_2D and STREAM_2D CUDA

Open water level two-dimensional model with ice-module
(Aleksyuk, Belikov et. al.)
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* 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 + p;H/p, where b denotes the bed level;
p and p; represent water and ice density,
H - ice thickness;
vectors (t?,72) and (t}, 7) - the bed and ice surface
shear stresses,
g - is the gravitational acceleration.




Hydrodynamic modeling taking into account ice jams

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).
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Efficiency criteria (NSE) received for comparison of observed and
simulated daily water levels at the gauge station \Velikiy Ustyug

Days with ice-
Period Years jams formation

Callbratlon 1980-1998 0.72 0.94
Verlflcatlon 1999-2016 0.79 0.91




Maximum 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

Ice-jam induced

Ice roughness Ice thickness
Type of ice-jam | water level rise,
coefficient, n, parameter, m
Small <1.5 0.045 1
Medium 1.5-2.5 0.045 1.5
Congestion 2.5-3.5 0.075 2

Catastrophic >3.5 0.100 2



Models chain
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Runoff formation modeling using ECOMAG software on the base of
observed meteorology
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NSE, daily discharges

Period
r. Sukhona — r. Ug —Gavrino
Kalikino (closed in 1989)
1969 — 1984 0.83 0.84
(calibration)
1985 — 2014 0.81 0.79

(verification)



Data of the regional meteorological model COSMO-RU as the base for
runoff forecasting in the North river basin

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)

7000 sl asins

Q, m3/c

6000 ——fact

5000 ECOMAG_meteostations
——ECOMAG_cosmo u

4000 {

3000

2000

1000
01.01.2013 01.01.2014 01.01.2015 01.01.2016 31.12.2016 31.12.2017 31.12.2018




Forecast of discharges and water levels for the flood 2016 with

different advance time
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Flooding

zone forecast
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Flood operational forecasting system

Automatic modelling
of the water spread
using the hydrological

Preliminary processing models

Aerospace images of the images
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Post-processing of the
results and their saving
in the database;

5 flood map vectorization

Updating and correction
of the model

[ Rendering and
distribution of the
_ A modelling results

Filtering and processing

Crowdsourcing of the messages. \ '

On-line hydrological data Calculation and forecasting
of the water discharge

Digital terrain model

Providing the results of Personal notification Publishing of the
modelling to the external of the interested persons short-term forecast at the
software via standard and organizations using the public geoportal

protocols WMS, WCS mobile devices
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WATER RESOURCES AND THE REGIME OF WATER BODIES

Modeling Ice-Jam Floods in the Frameworks of an Intelligent System
for River Monitoring
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INTRODUCTION
The developmenl ol intelligenl inlormalivm sys-

tems fr manitaring hydrological phenomeni is one of

the most wlevant and promising dircctions  for
cnhancing both the pessibility of flood forocasting,
andl the awareness of the populavon allowing the pre-
vention ob devastating losses ol burnan lives, Incrgas-
ingly, rrathematical rmodels that are conlgured 1o use
aperational data of hydromaetearological ohservations,
such as Mikc Flood Watch [30], Dclit FEWS Fload
Early Warning Svstems [19]. are uscd as the compura

lional core UJ\UL]) svslems. The systems such as 'lood
Larly Warning Svstems, European Fliod Avareness
System (| -‘\\} |")| cover large regions, ollen con-

taining 4 number of states, Similar systems being
developed in Russia arc more local and fecused on
solving specific practical problems, such as monitor

ing and predicting of rain Moewds in Par Last region
| 131, the prapacation of Plood waves dlongs lanee rivers

regional problems, parliculaty importaat for lhe
Northern meginns, i the monitoring of snowmelt
Foods complicated by ice-jam evenis. T he determing-
rion and prediction of the characreristics of ice-jam
[loods using complex staustical methods and model]

ing are challenging because of the lack of observaton
dita and 1he complex nalure of jee-jam Mkl phe-
nomens |k 23, 28]

This paper presents the research resules relared m the
development of an intclligent system for monitoring and
assessing the state of natural systems {PROSTOR) [4.
31]. ghe vicinilies of Lhe city of Velikiy Lslvug. Jocated at
the junction of the Sukhoma and Yug dvers. eiving the
origin w the Northern Dvina River (being called thene
*the Small Northern Dving™), were chosenas the ke ared
for testing, this system (Fig. 1). The vast valless of these
rivers are among the most vulnerable places in Russia to
spring snove-mell lloods, and ice-jams oflen induce
Bton of lowlands ac the ity o Vaikiy Lstyne and
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