Clillaadl)
S g -ty 23 5ad)
Ao jlaall g s alall 1 Agipdatl) L) aal)
Osile o J
8 paly das S

-

Aadia

ol SV e )Y e cliladll 35 ¢ i) W i ey Al "mall” llad) jaes G e
Ll 1550 clileagll o Wayl gany . (1993 Lainsll) #15,¥1 (A ilualls ) pual) alies g «
iy (8 ) Aaladl) LT el e S (A slat el e (e BsA agd 5 Y ¢ lallaa e
A5 O (g ¢ 5 walall haliall dlal e b jlad 4 60 150 Gl o) (S WS, (1989 Jais)
u.oc‘ﬂ‘)&\ cm\mdﬂ\wﬁjﬂﬁ‘)&\wo‘)w\ &M\@@\)J\&L)ﬂ.«d&ﬁu
(1993 sl Gaaadasy (A € JS5 Jall s WS ¢ Leile 5 Jualad) Llail e 3l JDa

¢ lgagh 33 S Cllaaline | 585 ¢ Baae <l giaad liliadl) jlalie A’ () sl jaall (w0 8l
bl Alla 8 558 Gl ¢ & il Lol jaall o mndal) Ll jaal) oy 383l dallas JA (e Lo ¥
Sl 13 aria) 88 48 latd) Al b saad) EasYl g (5 ) L) s sataal) BN YA (g
&L (1993 1978 «sals Osiom) OsAls s Lol Il lalaall Ll jaal " s 105" 4 o
e A Sl s (1989 05 sals diie (Jial) i o) Jiinas (1997) Cusmn Jleci s
O3 AT s o s sgeivin) sasiall AShedll 5 ¢(1986 (mSl) il ) o s (1999 Cuan) W UK callal)
(1998 by «1997 Js IS €1996 LS by o) Al Skl s (1984 05 als Jil 1986
I o (o) S0 @lldg ¢ Clliagdll L sl g s Al o (8 Ol paadl aale ¢ elly ) ALl
AlSal) cilibandl) Llail ani JA (e ol ¢ (1988 Ludl ) bl dakail Mo il s s
(1996 s AT Osml) pmdl) J seaal) clilac Lin 5168 ) 90 503 agd sl ¢« (1989 (i)

Oe e clliagdl) 4 5ill cle gaaal) Jelii ¢ glaial ale Gl ¢ g Al Glaadi e
shlaal Ly dual sill g jhall Cag sl Jh A @) Gl ale 5 ¢ (1979 L 55) 48 kil Culaal)
(1996 s> asa) oda Hhall jalsh dallaad Gl sl JSAS5 ¢ (1990 i -giving seaila)
O Yo Uelaial aand Hlaladl e la e 5 cilbloadl) cul€ 13 Lo e A ) i@l (e el K 5
(1992 ¢y Gelaia) labudil Cand ylaliall el 13 Leg ¢ gale bl o Al () 5




la i g cililiandl) dapls

Ll s cliLzaadl g1 5if

(2 ol gl sl e Al ellis ¢ dulalug ¢ Ay e ) Cliladl) Caal (Sa
80 58 ali | Agllaal) dirw jgdl) iy e ) glay Ledie 4y pgill liliagl) ass | 4y sl 3halidll
Led san Jldial g lliadll aaa dasi g ¢ (1989 O ) diw 2.3 Bale ddall z jA clilianll (343
Aaphy LALA) Giglall e aaiais Galil saase ciliSall o3 of (e a2 ) e o g Uals )l
‘)‘}_AMJ Al Gl glae ) gladt Ladie @;L.d\ L"_i\_:\..ua..gs&\ sy | (Ms.i c;)d\) 3\4‘)@_\5\ a\.}.d\ Gilaantiva
oalasil e aalill ad) a5 i gl ) 5 48 jlaiall 21 a1 Gyl Canny BlET 5 ¢ (o )Y L giana
oo Al ¢ landl s All il e la Y1 8l sl aalus WS ¢ Agaall Cagplall | sbuall (ogusia
¢S Aglali cillicad Cigan 8 ¢ ALl uad (e aalill el s (5 siie L&) 5l Al b g
Ghlidl clilcad 3 ¢ Lal 3od Gsia 3 Jal s WS dgladl juale) aalus WS (1995
508 1 5taal 5 dsile A sal Lgaa calad Cam ¢ Al

AT Cua ¢ Ay panll sluall Clraniie e (3036 Ay jhac) Jhaal ) diina dae ;) Caal e
alail dan S Hslady JalS sl mopm Glis o Al L samal) mhan) Jady il Y aee
Sainall (g adld ¢ Glsal) 13¢d (5 AT oSt dadail ol dliny Aoaima (33 & g2 aall o puall
Cad YLtV o uaaal) G Aadail & Cua g Al dadl 8 Aald ) el B ey o
el s ¢ Lpnlall L) lilial el Lpaal Y Adadll Jal gall e . laall im jaa i Y]
e o oo Bl ¢ 13l ) puall 6K ¢ OV 038 (e S 3 el g ) gel 5 <l sall 5 0 saull

L aliadll 300080 Caal sall Ca g yka g Allall olpall

Baadd) ciliLiandl)

) plaal | Led poas e ¢ 328 Bl cppdie 5 da )l Y clilall o2 7.1 Jsaall o
¢(5) CLUls ¢(5) Ay pe¥) sasiall Y ol & cYall Ade ) 13 ada L (1990 «sals oul
slie Cilaaatiie e - jUae) oAbl ol - 5 p 3 ladd Jshaa e L Galle 3 <l clileanalls
05 Levie Lo ¥ ¢ Baae el o anlad Glasdl) ety O Sy cc¥all 038 (e Alls € 4 5 08
Y5 . (1996 ¢Jaws -zivim) sl 3 ol Jie Fldly palall Llail 3 daes 5o &Y 523 e A0
Caw Ladie ¢ ale 100-50 die Cagylall ¢ yns a8 ¢ ddled ST V) Canual 45 Ul e Y) Cile) )
e puall A oa ala clilad (Jhall Jaw o) 215, 8 dadls plad 8 5 S clliagl)
dall sa LS daild #15)¥) (A& ilaadl J1 53 Y elld aay (3l Alla 3,700,000 oo il 1931
VA9V e b el 4y ) sean g il s Lilall 85 (52850 slis Alls VY¥0) Y49A Lle 8 Llay &
Gl 5 per libanll e daaldll Sl ) canlajl 8y (G lald) 8 daia VYA 4 saaa )
(V390 JSH0) Al Jsgadl 8 J sal) Lo ol ) as




Table 7.1 The twenty-four most severe floods worldwide.

Country Gauging station Drainage Maximum  Year of
basin discharge  flood
area (m/s)
(k)
Mexico Cithuatlan 1370 13,500 1959
Paso del Mojo
Japan Nyodo Ino 1560 13,510 1963
Japan Kiso Imujama 1680 11,150 1061
USA W Nueces, 1800 15,600 1959
Bracketville
India Macchu 1900 14,000 1979
Taiwan Tam Shui 2110 16,700 1963
Taipei Bridge
Japan Shingu Oga 2350 19,025 1952
USA (Texas) Pedernales 2450 12,500 1952
Johnson City
North Korea Daeryong Gang 3020 13,500 1975
Japan Yoshino Iwazu 3750 14,470 1974
Philippines Cagayan Echague 4244 17,550 1959
Isabella
Japan Tone Yattajima 5,110 16,900 1947
USA (Texas) Nueces Uvalde 5,504 17,400 1935
USA (California) Eel Scotia 8060 21,300 1964
USA (Texas) Pecos Comstock (9100) 26,800 1954
Madagascar Betsiboka 11,800 22,000 1927
North Korea Toedong Gang 12,175 29,000 1967
Mirim
South Korea Han Koan 23,880 37,000 1925
Pakistan Jhelum Mangla 29,000 31,100 1929
China Hanjiang Hankang 41,400 40,000 1583
Madagascar Mangoky Banyan 50,000 38,000 1933
India Normada 88,000 69,400 1970
Garudeshwar
China Chang Jiang 1,010,000 110,000 1870
Yitchang
USSR Lena Kusur 2,430,000 189,000 1953
Brazil Amazonas 4,640,000 370,000 1953
Obidos

Source: van der Leeden et al.

Figure 7.1 Increasing flooding in Venice, 1926-93
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Figure 7.4 Flooding and flood
hazard solutions for the River
Irwell, Manchester, UK.
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Table 7.2 The potential flood damage to different land uses in the River
Irwell floodplain.

Land-use sector Return period (years)
10 25 50 100 150 250

1 Residential property 686 709 957 2832 3074 4328
4 Hotels, etc. 0 0 0 4 4 4
5 Retail shops 18 18 25 304 308 341
6  Offices 2 2 3 20 21 27
7  Public buildings 11 1 14 36 36 43
8-9 Industry etc. 0 0 0 73 75 80
Total properties 717 740 999 3269 3518 4823
Event damage (£) 7.4m 8.4m 13.5m 54.9m 63.9m 94.5m
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Table 7.3 Economic appraisal of alternative flood alleviation standards
for the River Irwell (£ million).

Option (see text)

Do Do

nothing minimum  C B A
Costs [PVs} 0.320 2.891 7.068 11.320
Flood damage [PVd]  72. 755 56.168 23.794 19.322 14.717
Flood damage 16.587 48.961 53.433 58.038
avoided [PVda]
Total benefits [PVb] - 16.587 48.961 53.433 58.038
Net present value — 16.267 46.070 46.365 46.718
[NPV]
Average cost-benefit - 51.834 16936 7.560 5.127
ratio
Incremental
cost-benefit ratio - 12592 1.071 1.083
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Box 7.3 The Czech, Polish and German floods in July, August and September 1997

Beginning of July:
* Record heavy rainfall on the Czech—Polish border
By 9 July:

* Almost a quarter of the Czech Republic was affected, with
thousands of families evacuated: 16,000 were evacuated
from the Ostrava region when a reservoir had to be dis-
charged to avoid its collapse

North of the mountains, in Poland, river levels up to 3m
above alarm levels were being recorded on the Oder
Forty thousand Czechs were without electricity or drinking
water

By 11 July:

» The number of evacuees in Poland had reached 40,000,
and about 100 towns and villages were cut off

By 14 July:

* Fifty thousand Czechs had been evacuated from the
severely affected regions of Bohemia and Moravia

» Twenty-nine people had died in the floods

» Flood waters were starting to recede in the northeast, and
recovery was starting in southem Poland

By 16 July:

* Itwas clear that the flood was a major event, the largest in
the region for a century or longer

* River levels were still rising on the Oder, downstream of
Wroclaw and on the Vistula
* Inall, some 320 towns in Poland were affected by the flooding

By 21 July:

The death toll had reached 49 in Poland and 46 in the
Czech Republic

Of the 137,000 Poles who had been evacuated, 70,000
were still not able to return to their homes

Flooded factories were releasing pollutants into the flood
water

Many tens of thousands of farm animals (cattle, pigs and
poultry) had been drowned

By ¢. 23 July:

* The Polish government re-allocated US$1 billion of its
budget for rehabilitation

* Offers of immediate assistance came from many other
countries

* The death toll continued to rise to 128 (in all three coun-
tries combined)

* Adyke collapsed on the German (east) bank of the Oder,
and 2300 people had to be evacuated

By 26 July:

e The situation was stable in Poland and the Czech
Republic as the flood wave moved further downstream,
although it was still worsening in Germany.
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