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world water resources
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Total volume of water on the
earth

1.4 billion cubic kilo meters

Surface area of the earth
510 million square Kilo
meters

Average water depth over
the surface of the earth

2.75 km
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Average water
depth
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Radius of the earth
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world water resources
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Global Precipitation Climatology Project
Animation of Version 2, Monthly Climatology Precipitation Images
( 1979-2006)
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Siah Bishe Dams and
Pumped Storage Power
Plant Project, Iran
2013 May 16th

Upper Dam & Reservoir
(2'408 mas.l.)

Surge Shaft & Tank
=
| "‘\
Headrace Tunnels 2 57 m
2'200m a.s.l.
Pressure Shafte la‘ 5m Lower Dam & Reservoir
2'000 m as.l. (1'905 m a.s.l.)

1'800 m a.s.l.

1km § Powerhouse and Transformer Caverns




Contribution by  Contribution by Dams
River Channel  and Retarding Basins
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Reverse Osmosis Membrane (¥ ;215 &)

<+—— QObservable by Electron Microscope
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Figure 3.3 Meat iz much nmore water imtensive than major crops
{liters of watar per kilogram of product]

ééééééau

Seaf Rice  Sorghum Soybean Wheat Milk Maize Potato

Source: Watsrtootprint MEpS W watsrfootprint org), zccessed May 15, 2000; Glelck 2008,
INote: Figure shows [1ters of water needed to prduce one kiogrem of product {or one iter for milk) Water use for beef prodection
oriy charscienzes imensive production systems.
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Transboundary River Basins of the
World (about 260)
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Length 6,650 km (4,132 mi)

Width 8 km (5 mi)

Basin 3,400,000 km? (1,312,747 sq mi)
Discharge 2,830 m3/s (99,941 cu ft/s)
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White Nile & Atbara
Seasonal

— July — Oct. peak

White Nile fairly
constant

1076/86400=11.57

flow in millions of cubic metres per day

g

May June July Aug Sept Oct Nov Dec Jan Feb Mar Apr

o
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Legal Situation:
eHistorically, Egypt and Sudan determined Nile water allocations.

¢1929 agreement between Egypt and UK gave Egypt 48 billion
cubic meters annually and Sudan 4 billion cubic meters.

*1959 agreement between Egypt and Sudan allocated 55.5 billion
cubic meters (three quarters) to Egypt and 18.5 billion cubic

meters (one-quarter) to Sudan.

e Agreement assumed 10 billion cubic meters would evaporate
from Lake Nasser.

eTreaties resulted in virtual Egyptian and Sudanese monopoly of Nile water.
*No other riparian signed 1929 and 1959 agreements.
eInherent incompatibility between “equitable share” arguments of

upstream riparians and “historic needs, established rights, and no significant
harm” arguments of downstream
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3 Upper Makeng Basia

[ Lowesr Mekong Dasin

A Mebekiong River

4 Naoesl bousdery
100 § 100 200 km

™ e

Mekong River Basin

Upper Mekong Basin (UMB)
185,000 km2 (23%)

China, Myanmar

18% total flow

Lower Mekong Basin (LMB)
625,000 km2 (77%)

Cambodia 86%
Lao PDR 90%
Thailand 37%
Viet Nam 20%

Mekong River Commission
http://www.mrcmekong.org/
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A Gauging Stations

water balance

Lower Mekong

Average annual inflow
from China into the lower
Mekong basin is 86

..... which is less than 20% of
the total Mekong mean
annual flow of 460 km?3

The largest proportion of
total flow is contributed by
the major left bank
tributaries in Laos

KmA3=1079 (10{&) m~3
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Major mainstream Hbularias
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Ganges Brahmaputra & Meghna
basins

Total basin area is 1.72 miillion sg. km. Only 8 percent of
these three basin areas lie within Bangladesh

Farakka Barrage Operations began on April 21, 1975 "
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Fig. 6 Monthly mean discharge of the Ganges for February, March, April and May.
(Discharge in m® s and denoted by ).

Ref: Hydrological changes in the Ganges system in Bangladesh in the post-Farakka period, Hydrological Sciences Journal

Average Discharge

1997
Jan. 1696.2
Feb. 1044.7
Mar. 534.3
Apr. 740.4
May 933.8

m”3/s
1998 1999
4103.3 2679.9
1709.7 1764.4
753.3 964.5
1348.5 763.6
2407.0 1210.0

2000
2584.5
1458.2
1098.5
1023.9
1813.9

2001
8144.5
1186.0

797.9
766.0
1245.4

2002
1678.3
1379.5
1091.3
1047.0
1772.3

2003
1365.4
1165.3
1302.9
1445.2
1587.5

2004
24749
2020.3

950.5
916.5
1493.9
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Ganga/Ganges Water at Farakka, Annex1,12 December 1996
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Name

Position

Organization

Alamgir Khan

Chief Engineer

Federal Flood Commission, Ministry of Water &

(Floods) Power, Islamabad, Pakistan
Hazrat Mir Chief Meteorologist | Pakistan Meteorological Department, Ministry of
Defence, Islamabad, Pakistan
Iftikhar Mir P.D(GWR)/Provincia | Irrigation Department, Government of Balochistan,
| Coordinator Quetta
Muhammad Director General Irrigation Department, Government of KP, Peshawar

Naeem Khan

(FDRD)

Salman
Memon

Chief Engineer
(Kotri Barrage)/P.D
(FERP)

Irrigation Department, Government of Sindh,
Karachi
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Ehyber Pakhtunkhwa
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AFGHANISTAN

Indus River

ARABIAN
SEA

INDIA

<
]
<

New Delhi
[

Length: 3,180 km approx
Basin: 1,165,000 km2 approx
Discharge - average
6,600 m’/s approx.

from the Wikimedia
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AFGHANISTAN

Flood at 2010

Discharge of Indus River

Skardu
Fartah
Besham
Tarhbella
s [ 2 20T N
Chashma
Taunsa
Guddu
SUkkur

ko otri

T T T T L s,

ATy
July August



TAJIKISTA

Rl PRI

Kalabagh
Headworks

KASHMIR
(DISPUTED TERRITORY)

BALOCHIS

TA

v BOUNDARY

Q RIVER

N cITY [ )
N FEDERAL CAITAL @
PROVINCIAL @
DAM -
BARRAGE -
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Emergency observation of concentrated heavy rain
In Pakistan by "DaIChI" (ALOS)

Enlarged images of the swollen rivers at Shadan Lund (324
square km, left: August 6, 2010; rlght October 2, 2009) ;

nrrwvidoad hw TAVYA L . s
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Taunsa Barrage

Completed 1958,

Rehabilitation work started 2003
Irrigation water for 8000km?2 area

65 gates with rock, width is about 1325m

Jamuna Bridge in
Bangaledesh

Main Bridge

4.8 km

East Guide Bund

3.07 km

West Guide Bund

3.26 km

«Google
&
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Han River Flood Control Office,
MLTM (Ministry of land Transport
and Maritime Affaires), Republic
of Korea : 2012. May
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Imjin River Basin

Basin Area: 8 117kme
River Length | 255Km
administrative Districts @ Gweonggi-do

Geumgangsandam ﬁ ﬁ“ IJ_I @A

Pyeonghwauidam SF*D O) @A

Gunnam g Hwacheondam

Chuncheondam
Jeokseong &

Uiamdam

Cheongpyecngdam

JamsugyolBridge)

(T
HangangdaegyolEridge) o oangdam
Han River Flood Control Office "y & Munmak
Yeoju
» SOnysan
Dongyeongyol(Bridge] &
) ice Dateheon 'y
Anseong Stream Basin
Basin Area: 1,655km?
River Length @ TOEm
Administrative Districts | Gyeonggi-do
Crenragang t. Darn 121 51a (final) cace Diam
(Morth) = 105z {7020 (South)

263 hillion tons

Soyanggangdam

&-_-Seéo-myeon

Han River Basin

Basin Area ! 26 356KmM*
River Length : 482m

Administrative Districts @ Seaoul, Gyeonggi-ago,

ChungcheongBug-do, Gangwon-do

'Ycungwol

Chupgjudam

1251w (firal)
Alra (702)

Eln

Huracheon Dlam

i A0 e -

24 m -

AL TEEET )
{EER: AME K . 1EHN: S RIE.
BAREESA 2L &
B:H-J+—0-)LF—X

,
ALOVAKAES E3E5E7D
KEBHIZTLMY RURSE
HAEEROH BRIEHH
ALOVAKAES E3E5E7D

2

DKM FEDEAN

RUOT<EL BHDOFEEEX

HMNEEZE=DIZ HHTLESED

HAHEHEZEZ ST TLEL=D
()

3

A LA RS A EMM-THEN

AIEBEVEEATEN

ABEEFENDETYH Thldlizly

AL UAIKELS E5EFERD

http://www1.american.edu/
ted/ice/korea-dam.htm
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TOGA River
Sudden Flood in 28 July 2008

Toga Gawa 20058—-07—28 1 43221

14:32

K City http://www

14:32-16:40

17.p|ala.r.j p/kcarﬁera/movie/demo.html
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http://www.youtube.com/watch?v=4QWVzKolL-J8&feature=player_detailpage
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oAk P ;,

NEVADA

WYOMING

0 Bullhead \ -
) - (Bo' X
i °kel-[a suG otlo Q%’ : /'006
CALIFORNIA _ ”’”’Mam, g @‘-’ ; mm ~» NEW MEXICO
S 5] ¥ scoranie i
U 1 O-Phoenix
oMl
O uma : Sener J‘ob
San Luis Rio Coloradg ‘ARIZONA | "’Qa ¥ "5_, 2ol |
( Tueson O ¢ 12 .g%
' o=
° v
BAJA !
CALIFORNIA

Length 1,450 mi (2,334 km)

: 246,000 sq mi
Basin o 197 Lo
(637,137 km?)

for mouth (virgin
flow), max and min
at Topock, AZ,

300 mi (480 km)

from the mouth

21,700 cu ft/s (614
m3/s)

384,000 cu ft/s
(10,900 m3/s)

422 cu ft/s (12
m3/s)

TAVHWEREIOSEMOOVF =TV TUENTAE
RICEZRELAAISTRND, LM TILAZ LD i
[CR2>TIAFIVT A LRNB T =IlZEHE

3,

T DAZMEDERFEDR=DIZIET LY
XA ELDHD CDE LHTHB/NIT I
YO NMNRAT S, ThHLEICAEENZTS
RX YA ERND T IURF A BEDES
ARHRHEIZT—N—F LHHY . EAFNEEL
T—J4REL~NES,
THROAXOABARTIIANAYTAILZT M ET /S5
&@%ﬁ’iﬁ?ﬁ‘ik [FEAETF EMNS-REETHYTAIL
ZTBITEC,

Discharge

- average

- Mmax

- min
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Hoover Dam (Arch Dam, United States, 1936)

e
The Hoover Dam (dam height 223m, 1936) in the U.S. is a dam that is worthy to be called
a monumental work that integrates all past dam technologies. It made a great contribution

to the advance of both design and execution dam technology.
96



By taming floods and other factors that once characterized the Colorado, the dam
has led to major physical and ecological changes in the lower river. Controversy
continues over the effects both positive and negative of the dam, which has also
been antagonized in many literary works.



riverine habitats
GJLroxy=_3 58 LEFRIZEKA30SFIORRDEILE

Change in disturbance regime, influence of dam construction,
Glen canyon Dam on the Colorado River

190,909 — T 1 F—F—F
i ZLEFREDRED |
it
" 4 =
80,000 1996%F Discharge variation
S L ALK e before the dam
=0 1275(227)m"3/s construction
28 60,000 \/— o
0o
Zu 5 FLEHREBEDRE |
5 @ 40,000 After construction
o
<
T
O
<2 20,000
o
e v T |

Jan. Feb. Mar. Apr. May June July 'Aug. Sept. Oct. Nov. Dec.
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KEA)TAHILZ=T D IKFIE

IKFIEDIESR KFIEDRE

{B1TKFI#E

(Prescriptive water rights)

TJITJAKFIHE

(Pueblo water rights)

#h T K F4E

(Groundwater rights)

R EIKFIHE

(Riparian water rights)

B AKFIE

(Appropriative water
rights)

49 F DK F FtE

(Contractual entitlements)

IKDERLEDXENTEEITELTRAL., EFELT-KFIE

A BARAENFIELTWAKFIET., B0 BAFENLTHR KO
M TKEFERTES, KOFERIFEHPTOHAHFIN, REIDKEHD
MZFEDHZEIEXTELLY,

WTKESHEITLHIMODRAMEENRET S, MTKEFPDOLED
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NBHKTIFEL P TDKDFRNTHS, Lo[EAbHF THRKSN D,

BRI T DT ORT BT ET HHERIT, o FKAHE
BADEPEFRGTOENEETKENRI SEINEZON TS,

KIEMNS, KBRIZEELGZWL T AT KEEHE T IEICERINDS
IKFAE, D74V =F MK EREEBEESEKDERIZET HHEAITEF
TS HRIND1914F LRI D KFIEE ., RIFELEDKFIEIZH NS,

IKDFIRETHY .. KFIETIEELY, TTDKFIEIL, /KIRHSEHEER
KTEDEMNMALTRY., N L DEFE L. ERKFIEEEKE
BV ZWEDRNT HILITL>TEL S,

Hi8R K BFARAT . IR S KRB DEEEHE—Z OB LB ER AT R | REIERZE, 200
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mKILGEZ O Ik

F)L—k: R ET
mAEKE. $92008EmA3

R )L—F2002FF T
mANEKE. £9140Emn3

BH)L—F2002FET
mANEKE. $91508Emn3

2008.1.18 Smichio

hE@M2009 F (F21 F)DKER=Z1E592.4 Jkm3 LS THEY ., ERI—AE-YUDK
BREIZT5E491,800 M3 | CHIFHFEFEHD$8,400 m3 D1/532FE, B TH., FEILER
DEJL#hIF (AL RT., KiEm., mdtE. IWWAE, AEVITIILERR) TIEEI400 m3 EH R
THDE%IEE,

hEIIEEIZ/KNEE T, LERIXKNER R, m/KILFR I, RERIZE 1T H5KERDE
NEERBEIETEHEICEOTIAEDFRLNLE KA BHEZML, BEREDRE. KERDOH
=1 oté,‘IJlIIzi%%m@E&%—%éﬁﬁTénJrE&Lf IBEESHON TS,

m/KALER T, RIIEFRMASEBUKLEAI ERIZH /KT HFIL—F, RIIHRTRDZHRASE
KLUILEM., KEMISEKTHH)L—, KIITHRAGEUKLU AL E . ILERALZEIZEK
THERIL—FDIIL—rHBIERK, KEITHT LELILELY,
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FRAIZHETHER D]

fe .
BENDRAE

% (f&m"3) (f&m"3) (%)
1950-59 611.6 480.5 18.6
1960-'69 679.1 901.1 13.8
1970-"79 999.0 311.0 99.6
1980—-'89 998.1 285.8 47.8
1990-'99 437.1 140.8 32.2
2000-'02 288.4 45.7 15.8

HEL: ARl =R DB A pl148




B TR FRBBIFT ISR T DR B 3

riiEEE (A -B) 1% EriRE %
= IE3 — B i
1972 4.23 6.29 3 19 4 19
1974 5.14 71.11 2 18 2 20
1975 9.31 6.27 2 11 2 13
1976 9.18 9.2 1 6 2 8
1979 9.27 1.9 2 19 2 21
1980 2.14 8.24 3 4 4 8
1981 9.17 6.29 9 26 10 36
1982 6.8 6.17 1 8 2 10
1983 6.26 6.30 1 3 2 3
1987 10.1 10.17 2 14 3 17
1988 6.27 1.1 2 3 2 9
1989 44 1.14 3 19 9 24
1991 9.15 6.1 2 13 3 16
1992 3.16 8.1 9 13 10 83
1993 2.13 10.12 o 49 11 60
1994 4.3 10.16 4 66 8 14
1995 3.4 1.23 3 117 3} 122
1996 2.14 12.18 6 124 136
1997 2.7 12.31 13 202 226
1998 1.1 12.8 16 113 142
1999 2.6 8.11 4 36 42

HEL: AT ERIOBAE p150
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Only country data are available in
European data sets

Water Use Intensity 2 by
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Irrigation; up to 80% of total water

abstraction in the South

] 1 ‘1
Irrigation Demand (1000 m3/yriSite) g ﬁ ‘5

Q- 1000

.r"

B 1001 - 3000
B :cat - s0o0oo
B 0ot - 30000
B coo - 10aerr

—— .
'h
L

Source;
JRC 2008
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NI T (paella) : £ &HEIX. 1)/ wk(Risotto): H&HEAFUTTE

ARA VREBD/INL 2 2T DES NoNTEZROMEBIZEE (PR)
THIED1D, NI TETIEN MoGIBELI- KD RELI-HIETHD,
I—OVERETI D /AT TR A2 T TIERHEBOAERTH. 75
INLUVTEETISANVZTEKRLT VATIIESTDRIZELTHWWGNT
LN =o AL 7B LIS Z DR &tz TV YR IEXKRiso) iz
BwEZAVEHIEENMEDSIBIC, (ottimo) ZEHET=EEN L. FEIHh
SEIESEE FUBIBOZRELTARA 1=k (Risotcotto) MR E IR H HH

VAERPHRERICEELTL T, EMTIEZRLY,
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Waterworks and Sewerage

Services: MWSS) hY1997F M8 A
[CRE1, 25FE D tvyiay
LR, X (v=5vk) ., Al
X(X=F-0+—3—),

:

‘ ~ Pasig-Marikina River at Makati
_Metr Manila, Philippines 2007. 06.23

e 4y - - A

By Ay
Eansys
4 “ v

The Great Stink, or the Big Stink, was
a time in the summer of 1858 during
which the smell of untreated human
waste was very strong in central
London.

Pasig-l\/llari
2010. 06.02
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FLOOD PRONE AREAS IN METRO MANILA
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« HIBE:Asian Water Development Outlook 2007”Country

Paper Philippines” (ADB)
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« 20133 11BN BISAE T, HES R (World
Meteorolo |caIOrgan|zat|on WMO) . FE LR LE D
= D EFFE S 598 RS (United Nations Convention
to Combat Desertification: UNCCD). B2 = = HeR
(Food and Agriculture Organization: FAQ) M L4 (2 LU
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B9 5/ LN JL=E(High-level Meeting on National
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455 1E : hydrangea XB 51
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KIE8#(1919), ARKE (H) (X, By R (BER-HRR-#HER)
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RL., BIZEEHBEZLYEFRIELTHEHBLERKELEDEREZHSS
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