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4 riparian states:

Turkey, Syria, Iran, Iraqg
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E-T WATERSHED

Main reservoirs

Tigris R.

Euphrates R Mosul W = 13.5 km?3

Keban W =31 km?3
Karakaya W = 10 km?®

At Thawra Dam

Ataturk W =49 km3
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Water Separator

Tharthar Lake oo e
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In situ data -
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Water storage = 5 times
of annual ET discharge




DATA AQUISITION

T/P (Oct 1992- Aug 2002, new
orbit - Aug 2002-2005)

Jason-1 (since Feb 2002)
GFO (since Jan 2000) graphlcal ,_
ENVISAT (since Nov 2002) - "f oA
GRACE (data since 2003)

FOOTPRINT: RADAR - 12 km (ocean), RADIOMETER - 22 TO
42 km, GRACE ~ 625 km?

REPEAT PERIOD: 10 days (T/P, Jason), 17 days (GFO)
and 35 (ENVISAT),

GRACE product: maps of 1-degree-square mean geoid
height differences between 30-day solutions and EIGEN_GL04S
static solution (10 days resolution).

ENVISAT ground tracks and
selected altimetric measures for all

From International Gravimetric Bureau (http://bgi.cnes.fr:8110/) cycles (yellow circles) over the
upper part of the Ataturk water
reservoir. Background - Landsat TM
image from ca 1990.




700000

690000

680000

670000

340000 —

330000 —

320000 —

310000 —

300000 —

65000
60000
55000
50000
45000
40000

Temporal changes

of reservoir level (mm) 850000 —

from altimetric data

— Geosat Follow-On (GFO)

Mosul

—— ENVISAT
o
- .
. d
3
a
©
©
N
540000
536000
5 532000
g 528000 .
524000 Jo-o g
520000 3
£
152000 z
148000 —|
144000 —S *
140000 § .
136000
132000
510000
500000 —
®
(53
o
490000 —°
480000
Q2
Qo
)
a
>
el
<
104000 — ¢
100000 %é [\/\/\\/
96000 —|8
I
£
[
=
=
T T

19921993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Altimetric level - relative to geoid

830000 —

820000 —

810000 —

RESERVOIRS:

Keban

T/P + GFO + ENVISAT: Karakaya,
Mosul and Tharthar

_ fome M WATER LEVEL
f/\/\/V\/

304000 —1

Cross-comparison of satellites
Times series for 11 reservoirs

1248000
1244000
1240000
1236000
1232000

Devigidici

60000

50000

40000

30000




Karakaya
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RESERVOIRS:
WATER VOLUME

Preliminary assessment
(surface=const)

1999 - 2002
30 - 40 % of volume loss iIn
reservoirs on Euphrates R.




MESOPOTAMIAN
MARSHES

Changes in the marshes from Landsat

MSS imagery
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Euphrates R,

20,000 km2in 70s

S. Marshes:

3,000 km2in 90s

E.Marshes.

Central
Marshes.

Multi-Spectral Scanner (MSS) aboard Landsat mom http://landsat.gsfc.nasa.gov/

Euphrates R.

Hassan Janali, U.S. Army Corps of Engineers, 2003




MARSHES
SPATIAL AND TEMPORAL VARIABILITY

A B C D D E F G
2005.04 . |_- 5 = ﬂ ‘f a “--“' .'_ ¥ ,--I-i-:' |'l'l'l'|'l.:-.' ‘: i .:‘_“: o omn
:F.< EE I:E (t L |C 4 -?-- __——-_1 ——— T -:rti “’l( "-(-l '--'.o-'- :-—- - s
20055 == = S TS RS S e e e 1 = =
-— --:- e == o= ffof O] OEOESram . e —— g — -
2005 04 S T e T — == —
Eeom e s T = =
2004.5] = — A . — E
ib 15 ) it F gk i R R T i
ALNEAy .l. < ECC O f e dmueedmgcy g o= e ==
g e ¢ e e BRI Y =R Y H : S : L
200354 = | = S S | TR S - s e =
2003 D_' _ B = = o T S “ E —
U T3 pew = == T UL = — —
300 350 400 480 500 S50 00 EBS0 700 750 a00 850 900 950

@ 1000 to O

@ o0 to 1000
1000 to 1500

@ 1500 to 2000

Backscatter in Ku band,
icel algorithlm,
100*dB

2000 to 3000
@ 3000 to 4200
@ 4200 to 6000

—
1050

—— :
110 1150 1200

—
1250 1300 1350 1400 1440

: 2006 -HEme TR = e E s =
; —= L — = . i e P =
2005 5 —p=g==srosssgmEsaE= - : : Tl
EDDED H-E A e 'l"ﬂ _'-{.‘I: -—-I.--: .I [ L .
e : = ] . 1 =
R e =1 &=
-' “iSeessomeespiassesesseeee =
R e e e e e
2':”:'35 -tii [ ok X oAt ) ] ] (O]
s A B = i K 1 =
4 20030t g T
™= =TT T ok L

1500



water level, mm

Landsat image ca 1990

Landsat image ca 2000
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A - southern marshes

B - confluence of Tigris and Euphrates

C - part of eastern marshes,

drained out between 3 and 23 June 1996
D - eastern marshes




MARSHES - TNONDATION
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MARSHES -INONDATION
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MARSHES -INONDATION

along track seasonal variability

% of submerged lands =
number of points with 60_Ku>20 db
total number of points

Landsat image ca 2000 80
and Envisat tracks

60 -
40 -

20

Perspectives:

» calibration of flooding areas with Modis 2002 2 2004 2005 2006 2007
* estimation of water storage usi ng alti metry —— % of submerged lands




Watershed surface GRACE MISSION:
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Cross-correlation coefficients between the part of submerged lands and other parameters , n=40

Time lag, days 0 10 20 30 40 50 60 70 80 90 100 110 120
GRACE, ET 058 063 072 078 078 080 079 064 065 060 049 029 0.24
GRACE, Iran 068 075 078 083 08 073 069 067 061 052 042 025 0.12
GRACE, Turkey 056 057 065 073 073 073 071 058 059 054 038 018 0.12
GRACE, Low Iraq 056 066 069 075 078 073 077 069 063 057 054 040 0.32
Altimetry, dV in all reservoirs | 0.20 029 038 047 055 063 069 074 077 079 079 0.77 0.72




level, mm

IMPACT ON PERSIAN GULF
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FUTURE WORK

Assessment of reservoirs surface-level relationship using

optical imagery

More precise estimation of reservoirs volumetric changes

Altimetry + optical imagery - flooded regions

Surface and level of flooded zones

Estimation of annual and seasonal changes in water storage

Freshwater input to the Persian gulf




