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Problem statement
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Number of dangerous hydro meteorological events in Russia according to ROSHYDROMET-WDC
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Motivation

Changes in river runoff are needed to bee identify by components
and seasons to understand mechanisms and main drivers

Main questions:

-
1) How the runoft redistributed within the hydrological year?

\
>
2) What is the main reason for water loss increase during spring?

\

>
3) Does the transformation of seasonal flood wave compensates by low
flow period ?

\,

AN

>
4) What are the main drivers of the water regime transformation during last
35 years?

G
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State-of-the Art: seasonal flood wave

Kuban river basin F=58000 km?2
Terek river basin F=43000 km?2

transformation
STADY AREA: 1. Volga river basin F=1360000 km?
2. Donriver basin F=422000 km?
3. N.Dvinariver basin F=357000 km? More then 300
4. Pechorariver basin F=322000 km? hydrological gauging
e . . tations in total for
5. N basin F=281000km? s
eva river basin m 1880-2011
é.
7.

East-European type of water regime and
hydrograph separation according to Kudelin (1973)

0 Lakes

The main rivers basins

I Volga

®* Well-pronounced seasonal flood wave (> 50 % of runoff)
¢ Stable summer-autumn low flow period
®* Autumn occasional flood period




Changes in annual flow and
- contribution of the precipitation to it
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R=P-exp(-PET/P)

. dR/dP=(1+1/P)-exp(-PET/P
AR =AP- dR/dP
dR/APET=-exp(-PET/P)

ARpe=APET- dR/APET

Contribution P=
IAR, |*100%
(JARp |+] ARpgr )

Annual flow changes Contribution  of  the

1978-2010 VS 1945-1977 precipitation in annual
flow changes



Seasonal flood wave transformation

Typical hydrographs for Oka river
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Averaged annual hydrographs for river Don - Kazanskaya
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Assumed mechanisms

Atmospheric circulation above the European part of Russia in winter orevious period

Warm sunny spring >‘< * * Cold snowy

Stable snow pack
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Synthetic time-series according to different hydrological Drought type
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Changes in low flow and it’s
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e
Changes 1n intensity and precipitation type

LleHTp ETP
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P

Changes in evaporation capacity (PET)

ET = 0,0009384 - K- (Tmean + 17.8) - (Tmax-Tmird> 1976 — 2014

Daily mean T

Hargreaves and Samani (1982,1985), J. Almorox (2015)

Observed evaporation capacity (1) and

humidity deficit (2) by Sperantskaya, 2016
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Winter P and PET correlation with NOA and AO

Winter P PET

NAO

Month with a
maximum
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na content
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e
Hydrograph separation: Kudelin’s scheme (1963)

Q, m’fc




Study methods an

Data: general 1dea

GrWat software — al orithm

on daily

for hydrograph se aratlon based
ata grapho-analitical
and complex parallel analyses

Example of rain-flood wave separation
from melt-water seasonal flood wave
with different grad1 values

alfl]

|
dllfs.z gra&1=3.5
( R-script block: ) \ A \
sinput data checking, V
stime-series period clarifying
smissing values replace
svirtual time-series of T, P creating J
FO RT R AN bIOCk: \ 20,0542 17.08.42 20.05.42 17.08.42
eldentifying seasonal boarders e e ——
Seasonal flow characteristics == e
calculating ol
*Genetic types separation J R
_ EN e
R-script block: =
*Interpretation of the results e |
*Graph output report | e
Complicated cases report e oA




Study methods and Data: calibration
parameters
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Data: seasonal 1loo

The great deal — declination phase
of the seasonal flood wave

1942

Example of rain-flood wave separation
from melt-water seasonal flood wave
with different gradi1 values

gradi=3.2 di1=3.5
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Recession curve as an instrument for occasional tflood
separation

discharge (C)t)

Recession
curve

M. Gregor, P. Malik, 2012
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Thaws — Rain event separation

Q max point
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"-" gradient
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.
Study methods and Data =&

Combine Discharge data with Meteo Data N - W
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World wide practice

BFI+ FlowComp

e R
B Discharge = Baseflow

g |Legest |
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Hydrograph separation in BFI+
with Local Minimum Method

Drawn up three sub-regime (surface, sub-
serface,groundwater) FlowComp

http://hydrooffice.org, (M.Gregor, 2013)




RC - software
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Preliminary results

East-European type of water regime changed to West-European with wet and warm winter
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Problem statement: Don basin drought 2007 - ... ???

Annual runoff value of the Don in the Tsimlyansk HPS:

1 - annual runoff 50 % probability; 2 — annual runoff 75 % probability; 3 -
annual runoff 90 % probability; 4 — extremely low flow years; 5 - exiremely low
flow time-series

Fito-plankton concentration
on the Don river VS runoff
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Problem statement: North Dvina flooding 16.04 -
2016 ???
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