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The Volga Water Reservoirs System
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Nine large hydroelectric
reservoirs were constructed
on the Volga during the Soviet
rule.

Five reservoirs
(Verkhnevolzhskoye,
lvankovo, Uglitch, Ribinsk
and Gor’ky reservoirs) are
located in the upper part of
the Volga, two reservoirs
(Cheboksary and Kuibishev
reservoirs) —in the middle
part, and two (Saratov and
Volgograd reservoirs) —in the
lower Volga.

The Volga Water Reservoir
System have total volume —
143.35 km?3 and effective
volume — 66.56 kms3,



The Volga Water Reservoirs System

Table: The general parameters of the Volga water reservoirs system

Difference of heights between

- Discharge
the Volga River source and the ReserVoir max.
river outlet makes 256 m. m®/s
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The Volga River length is 3 530 km and only 940 km (320 km in the Upper part and 620 km in the
Lower Volga) have unregulated or natural hydrological regime.




C 9

4?;‘". ). (s ; &
Ryb;nskoe re§§Tv0|r ot

EON Gorkweseworr
= _Lp 066 %‘"‘ﬁ 3 Ak ¥ "&& Pazal _:1- 0033
. ,‘ ¢
ﬁ—#‘ N58.55° Ky f
,1 p
‘&a .
- N58.45°
E37.7 E37.9° £38.1° E38.3 £385° £38.7° E38.9°
R R % ) N58.25°
s b, e v " T
T A — N58.25 S
" s
ol Coogle

Saratbv*skoe reservmr 2y

s K437 |E43.9°[E44 1
BBl [\ A | - It

P
-
N
.ﬁ";
F sGoogle
| )
- 0lga - ate gro 0 .
| ) »
anad Jaso s 0 eserva 099 and 0bb passe
» 0
00 or o 0 0 - eservao 00 / 3 a
Reservo D83 &

e L Volgogradskoe»
o TE 155 o, L 4

E44 37 E44 5° E44.7

E44192| E45.12
S —N4g 5

Kmbyshevskoek

MBILKHE

Kamyshin®

o -.I,‘Gﬂ

T
E45'3:0E4!

ioo/ » .' -

resgnlo r ;



HYDROWERB
Water level of rivers and lakes by satellite altimetry
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The Gorky Reservoir and ground tracks of satellites
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Map and groundtrack of GDR Data Jason-1
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@ The orbital repeat period (~9.916 days) is close to characteristic Gorky reservoir
temporal scale of the basic hydrological phenomena. Total length 97 km
o The T/P and J1 datarepresent the longest time series of Width 3-14 km

altimetry measurements. Max. depth 22 m



First stage of Processing of Satellite Altimetry Data

2 Inthe first stage Geophysical Data Records (GDR) of
TOPEX/Poseidon (T/P) and Jason-1 (J1) satellites were
processed. All available along track 10Hz TOPEX/
Poseidon and 20Hz Jason-1 altimetry data were used.

< The wet and “dry” troposphere correction was calculated
by meteorological data (atmospheric pressure and air
humidity) from nearest weather station.

< DORISionosphere correction was used for correction
altimetry measurements of reservoir surface height.



Groundtrack of 142 pass of GDR Data Jason-1

57.42
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57.38

Latitude

57.34
57.32
57.3

57.28
U

429 295 43 43.05 431 4315 432 4325 433
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Nadir points for 20Hz GDR data for 142 pass Jason-1
(2002-2009 years)

The number of points is essential
Altimetry data were compared with measurements from the ground station



Comparison of water level variations measured by ground
station and 20 Hz satellite altimetry data

Deviation of water level from average (m)
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1/1/02 1/1/03 1/1/04 12/31/04 12/31/05 12/31/06 12/31/07
Date(mm/dd/yy)

Measurements by water level gauges, in situ data of

meteorological station Yur’evets

20-Hz satellite altimetry data, GDR of Jason-1, 142 pass

Water level
(correlation of altimetry data and in situ measurements) Shortcomings of the ocean re-

E L tracking algorithm in application to
2 1 R=0.3 the Gorky reservoir
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g 0 fﬂq,/mm—" «a severe loss of data

O _

805 g . *substantial errors, correlation

g .- - coefficient of altimetry data and ground
s 1 o5 o o5 1 measurements is about 0.33.

Altimetry data (cm)



The cause of large errors of the ocean re-tracking algorithm is
complicated waveforms of Jason-1
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Land topography and hydrometeorological regime of the Gorky reservoir should
be taken into account when constructing the local re-tracking algorithm




The hydrometeorological regime of the
Gorky reservoir has strong seasonal
variability

Winter (ice over the total water area covered
by a show layer) (November — April)

Average date of freezing-over is November 22
(between November 7 — December 7)

Average date of clearing from ice of the lake
part of the reservoir is May 3 (between April 18
— May 18)—

Summer (the water area is free of ice ) (May-
October)



Jason-1, Cycle 118, Pass 142, Ku band
Winter (25.03.2005)
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Regular waveforms valid for ice-retracking
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Jason-1, Cycle 118, Pass 142, C band
Winter (25.03.2005)
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Regular waveforms valid for ice-retracking



Jason-1, Cycle 162, Pass 142, Ku band
Summer (05.06.2006)
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Compex waveforms



Jason-1, Cycle 162, Pass 142 C band
Summer (05.06.2006)
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Compex waveforms

Quasi Specular components Multiple Quasi-Specular
components

1600 =

1200 — “

800 =

300 —
200 —

100 —
400 —

e |

0 40 80

The Brown’s formula are not typically valid for approximation of
the wave forms, an adaptive retracking algorithm is required.



Model of waveforms for
Gor’ky Reservoir



The average impulse response of the rough
inhomogeneous surface
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Parameters in the formula are the functions of the coordinates of the surface.

For water surface For land surface
Elevation H is the water level Elevation H is determined by topography
s is significant wave height s is surface roughness
c is determined by the wind o is determined by the reflecting properties
speed of the surface

s and o depend on p and ¢

Along-track topography and parameters of the surface are required to construct the model



Topography and along-track cross section for 142 pass of Jason-1

Global Land One-km Base Elevation Project (GLOBE). Digital data base on the
World Wide Web (URL: http://www.ngdc.noaa.gov/imgg/topo/globe.htmi

80 B IR |
42.9 43 431 432 433 434

Longituge
160 —
140 —
120 —
100 —
S——— T T T T T T T T
426 428 43 432 434 428 429 43 431 432 433 434
Longitude Longituge

A 30-arc-second (1-km) gridded, quality-controlled global Digital Elevation Model (DEM)
gives right bank height — 30 m, left bank height — 20 m).

The backscattering coefficient at the land is an order below than at
the water surface



Landscapes and water area of the Gorky reservoir near the
ground track of Jason-1,2 (right bank, 20-30 m height) (field

studies, July 2009)
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Landscapes and water area of the Gorky reservoir near the
ground track of Jason-1,2 (left bank, up to 10 m height)
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Probability density of water

Probability density of specular points surface elevation

and significant wave height

005 P(N/SWH)
. 0.06 —
| Buoy for wind and ]
wave 0.04 7
measurements 0.02 -

-1 -0.5 0 0.5 1 15
h/SWH
o1 P(/SWH)
0.01
0.001
0.0001
1E-005
1E-006
-
-1 -0.5 0 0.5 1 15
h/SWH

SWH via wind velocity

20 —




Probability

Wind speed and wind direction, summer 2008-2009

(meteorological station Yur’evets, 57°20’N 43°07°E )
0
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315\
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0 180 T \
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wind speed (m/s)




Comparison of the wind speed data of the station
Yur’evets and field measurements 29.07.2009
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Statistics of wind waves

JONSWAP, 1985
. : Wave age parameter
Significant wave height for J9e P 023

wind speed U,, and fetch x X
2 Q=116 &

U,
SWH =0.2074 =2 ()% U2
For the middle point of the ground track of the 142 pass of Jason-1

Angle distribution of fetches for the Statistics of SWH
corresponding wind directions
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SWH(m)
Average SWH 0.28 m



Algae bloom 29.07.2009




Special features — slicks the shore (10-30 m width)




The average impulse response of the rough
inhomogeneous surface

P(7)= Tf (0.0) e{;m(,,,,,,))% x
00 \/S p (o +C z'
(cr—ZH(p,co)—pZ/h) o oints TR
A T PP
' i
) ’ For landsurface

For water surface

. . Elevation H is variable
Elevation H is constant

S is significant wave height S Is surface roughness

c is determined by the
reflecting properties of the

surface

c is determined by the wind
speed

S and ¢ depend on p and ¢

A simplified piecewise constant model of surface



A piecewise constant model of Reflecting Surface for
Gor’ky Reservoir , 142 pass

The model of the reflecting

surface

land — gold grey color,

water - dot shading blue color,
light blue — coastal slicks,
small circles — positions of the
footprint,

the big dotted circle — an area
illuminated by the gain of the
radar antenna

-24000 -18000 12000 -6000
N

(m)
20000 —

B 1

-

/00 18000  24000( M)

Nadir points of 20Hz SGDR
data for 142 pass Jason-1
(2002-2009 years)




A piecewise constant model of Reflecting Surface for

Gor’ky Reservoir , 33 pass (after manoeuvre)

The model of the reflecting
surface

land — gold grey color,

water - dot shading blue color,
light blue — coastal slicks,
small circles — positions of the
footprint,

the big dotted circle — an area
illuminated by the gain of the
radar antenna

4., Ground track for 33 pass
o/ Jason-1

i o

B4 Google earth




The average impulse response for piecewise
constant model of surface

P (7) = Puater (7) + Rana (7) + Prcat (7)

Contributions of water and land, (k=water,land)

Pol” ‘(L“J(CFZHK) (ct—2H,)
P(r)=-2k g \7 " 1+erf . A ,Ynsy/h(cz —2H
(7) 2h* o 242,52 ++c% (pk(XN Yo fh(er "))

A, (p) arc corresponding to the land (red) or to the water (blue), smooth
: function in comparison with the erf near the leading edge.
Contribution of slicks
2
P (4_'_ ( )jCT—ZHWater {[szHwater (X(l)_XN )zz(y(l)_yN )2] /3S§oast}
2 e pp) |SEmE M water

I:)coast (T) — ; e " je dl

/ 4

27Z'h Scoas.t C

(X, Y,,) — coordinates of nadir points, Y=Y(I), X=X(l) — equation of the coastal line
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Water Level Variations

tracking waveforms from SGDR), 142 pass

2 Deviation of water level from average (m)

1/1/02

1/1/03

1/1/04 12/31/04

12/31/05 12/31/06

Date(mm/dd/yy)

In situ data Yur'evets

Satellite altimetry data (GDR of Jason-1, 142 pass)
Satellite altimetry data retracking (threshold method)
Satellite altimetry data retracking (improved threshold method)

Errors in retrieving water level and number

Water level (correlation of altimetry
data and the ground station
measurements) 142 pass

a

water level gauges (m)

Satellite altimetry data correlation with in situ
measurements
GDR of Jason-1, 142 pass, R=0.33
o re-tracking (threshold method) R=0.84
re-tracking
(improved threshold method) R=0.81

-1 -0.5 0 0.5

Altimetry data (m)

12/31/07

(comparing ground measurements, GDR data and results of re-

of valid data points in the Gorky reservoir
for various methods of retracking

Method of retracking Std of the Average
water revel number of
(m) valid
points/mont
h
GDR data 0.16 1.2
Retracking by the 0.13 2.0
threshold method
Retracking by the 0.12 2.0
improved threshold
method




Water Level Variations
(comparing ground measurements, GDR data and results of re-
tracking waveforms from SGDR) 33 pass (after manoeuvre)

Deviation of water level from average (m)

/q — @ — Satellite altimetry data retracking (improved threshold method)
| é —— In situ data Sokol'skoe
\

\ —— In situ data Chkalovsk
el ' B

1 - 1

|

k| _
i Fly
0.2 — ; éé !?;

-0.4

0.4

T T T T T T T T T T T T T T T T T T T T T T T
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1/1/10

Date(mm/dd/yy)

Errors in retrieving water
level and number of valid
data points in the Gorky

Water level (correlation of altimetry
data and the ground station

me@ﬂur'emenfs) 33 paSS (Gf'l'er' manoeuvre) reservoir for- various me‘]’hods

= o of retracking

w

g 02

= Method of retracking Std of the

= Satellite altimetry data correlation with in situ water revel

g measurements (m)

Q 0 Chkalovsk

D ®  Sokol'skoe

§ re-tracking GDR data 0.16
(improved threshold method) R=0.95 Retracking by the 0.12

0 S — improved threshold
04 02 0 02 04 06 method

Altimetry data (m)



Errors in retrieving water level and number of valid
data points in the Gorky reservoir in summer and
winter seasons for various methods of retracking

Standard deviation of the
water revel (m)

Average number of valid
points per month

Method of Winter Summer Winter Summer
retracking (November- | (May — (November- | (May —
April) October) April) October)
GDR data 0.15 0.16 0.3 1.2
Retracking by the 0.15 0.13 1.5 20
threshold method ' ' ' '
Retracking by the 0.18 0.12 1.5 20

improved threshold
method
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Water level variations in the Volga River Reservoirs

S
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Rybinsk reservoir - 066 pass
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Statistical results of averaged by
date water level variations from

altimetry comparing with in situ data.

Water level variations
«©
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2008 2009 2010 Year 2011 2012
@ Kuibysheﬁ/ reservoir - 218 pass

I I I I I
2008 2009 2010 vYear 2011 2012

30 O Saratov reservoir - 083 pass

I
2008 2009 2010  Year 2011 2012
Volgograd reservoir - 168 pass O 4
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I
2008 2009 2010 Year 201 1 2012

GDR of Jason-2 (squares), results of
retracking SGDR base from Jason-2
satellite (triangles), in situ data (circles)

Reservoir Coefficient of | Standard deviation
determination | (m)
(retracking)
Retracki | GDR
ng data
Rybunsk 0.98 0.09 0.24
Gorky 0.86 0.15 0.56
Kuibyshev 0.97 0.16 0.46
Saratov 0.77 0.26 0.58
Volgograd 0.44 0.22 1.6




Conclusions

Data of radar satellite altimetry are applicable for
determining water level in middle-size inland water
bodies.

Special data processing is required taking into account
surroundings of the water body.

Application of this kind of algorithm increases
significantly the number of valid data and improves
dramatically accuracy of the water level retrieval from
the altimetry data.

The problems of inland water data processing are very
similar to those arising in the coastal zones of the
ocean and other complex areas from contamination of
the received signal by reflection from the land. The
adaptive retracking algorithm adjusted to a certain
geographic region can be applied in such areas.
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