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Flooded streets Haiti.
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Causes of floods

his chapter gives a brief scientific mroducnon to floeding. Tr covers
hydroloiy, including (actors influencing runeff, storm surge effects and
the frequency of flooding. The concepts introduced here will be used
later chapters to explan the purpose of various flood reduction measures.
Several technical terms are miroduced and they are princed in itahcs when first
defined.

Hydrnlngy

The ultimate source of all river flow 15 rainfall or snowmelt, collectively
termed precpitation, over the carchment area of the river. The catchment area or
river basin is the area that the river deains. Some rain and snow can be inter-
cepted by vegetatiom, particularly trees, and re-evaperated. Rain (and water from
melting snow) reaching the soil surface can infiltrate into the soil or run oft
directly into sireams and rivers. Soils have an myfiltration capacity {the maximum
rate at which they can absorb rainfall), and once this has been exceeded the
excess water runs off as direct, ot _fast-response, rnoff or overland flow. The nfiltra-
tion capacity depends on the soil type (sandy soils can absorb more than heavy
clays) and the amount of water already held by the soil. During the course of a
storm the soil may become fully saturated and any further rain would then all
form direct runoff. The infiltrated water can be absorhed by plant roots and tran-
spired by the plants or may percolate deeper, below the root zone. Both these
processes remove water from the top lavers of soil. enabling the so1l to absorb
more rain or snowmelt from later storms. The water that is not rranspired may
make its way down slope through the soil to the nearest stream, as inferflow, or
may percolate even deeper to groundwater aquifers. The geology of the under-
lving rocks has a direct control on this deep percolation and may indirectly con-
trol mnfltration because the soils are often derived from the rocks below, If the
underlying rocks are lughly pernious, for example limestones, the deep percola-
tien will be large and the river basin will respond sluggishly to rainfall, Less per-
vious rocks give a more rapid, flashy reaction to ramn. Depending on the soils and
geology and the slope of the termin, the direct runoff may reach the river with-
in hours to days, the interflow within days to weeks while secpage out of the
aguifers can take months to years to reach the river and forms the baseflow thar
sustains the rver during long dry periods.

Ag several points i this cvele, water s evaporated, The intercepoon by veg
elation, the trapspivation by plants and any direct runoff canght in surface
depressions can all be evaporated in a process termed evapetransprration. This
process requires enery Lo be available, whicl comes largely from solar radianion.
Muring winter there 35 httle, 1 any, energy available for evapotranspiraton and
thus the soils hecome highly charged with water, increasing the proportion of
precipitation that runs off directly.

These processes all form part of the hydrological cyele, Water evaporared
from the ocean and other water bodies falls as precipitation on the land. is part-
Iy evaporated or moves to rivers and streams either overland or through the soil
as described above and is eventually returned to the ocean,

Precipitation in the form of snow does not immediately prodace runott or
infiltrate into the soil, but waits unnl the snow meles, which means that several
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maonths of precipitadon can accumulate above the sol surtace. Rain on the
snowpack, or water fron: melting soow can be held within the pack until the
high liquid water conrent finally cavses the pack to collapse, releasing warer
carastrophically and causing @ very large runoff very rapidly, Warm rain after a
long cold spell may cause the snowpack to mele while the underlving ground s
still frozen, which prevents arv mofiltration. Because of these reasons, snowmelt
floods, typical of the spring thaw, can be very large.

1t will be appreciated that the direct runoff 1s the major canse of oods, The
interflow may also contribute to floading, hue generally o g lesser degree,
Fluman intluences frequently reduce infiltragon, (ﬁus';ng ere divect ruuoll z2nd
thus increase the likelihood of floods. Deforestation is a major influence in many
countries. The mees hold the seals of the tovest floor together and make a deep
Lieter of fallen leaves ete. Bach these Gictors encourage inblraton. Oncee rhe rrees
are lost, the litter and the soils are soon eroded resulting in increased runoff of
sediment-laden water. The resulting crosion of hillsides is very deleterious and
also leads to mereased sediment loads m rivers and silong up of teserveirs down-
streamt. Overgrazityr leads to loss of grass cover aon hillsades, which again causes
taster runoft and erosion, Soil and warer conservation need to be considersd
together to prevenl soil erosion, conserve water resources and reduce floods.

Buildings and roads and other paved areas ace effectively waterproof and
canse very rapid runoff. To remove this rapid runoff from che aty sereets drains
will ke built chat lead the storm water directly o streams and rivers, thus mcreas-
ing again the rapidity ol the onset of the flood downstrearn. The storm water
from urban areas i also very pollored, contaning sediments, oil and other con-
taminants from the streets. Other hydrological incerventions that increase flood-
mg include Tand drainage and channe! impresve

ments to increase capacity, These both veduce | —- T o

runoll delay fimes wich the effecr also of increas- T —
ing the magnitude of floods downstrean:. Figure
2.1 summanzes how these human interventions
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the normal Aow in the space of a few hurs. Flash

floods are commion in arid and semi-and areas. lo these areas what Little rainfall
there is usually falls in short, wtense storms.'| he intensity of the storms and the
poot absorpeive capacicy of arid zone soils lead to much of the annual Tunoft
oecurring as Hash floods whicl carve out the ephemeral wadi channels thae are
rvpical of desere regions. Flash floods can also oceur following thunderstorins in
more humid regions. Mountainous areas are prone to thunderstorms and the
sreep terrain and thin soils in che mountams assure hagh runofl with a short delay
rime. Because of the short delay tme it 15 difhiculs co forecast Jash floods in aume
for acaon to be tken, In September 1992, 300 mm of ran fell in three hours
om the slopes of Mt Ventoux (1900 m) m southern France, The River Quvese
rose tapidly and engulfed the town of Vason-la-Romame. A large number of
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through the soil w the river, Models comceptualize the catchment as 3 series of
soil-water stores together with equations governing the transfer of water
between the stores. Precipitation enters the topmost stores and can be evaporat-
ed, transferred to lower stores or form runoff according to the equanons rhus
simulating the direct runoff, interflow and basellow compoients of river flow,
More elaborate models, describing whaole river basins, will also have o inclide
componeids to compute the flow of water 1 the river channel and this rhe
propagation of lood waves down the river, I'he use of hydrological models o
forecase future llood flows will be described in chapier 5 below

Flood frequency

I anzlysing the staustics of floods, hvdrologsts usually study the largest flood
w cach year, the so-called anmnial floed. From the analysis of these annual floods
it 18 possihle to estimate the probalality thar a certain flood would be exceeded
i any year, This flocd can be expressed ercher as water level or as discharge, the
owa heng related by the properties of the river channel. Hydrologists prefer o
use discharge n flood analyses as 1t 16 more readily rransferable up and down the
river and is unaffected by the construction of flood prevention works such as
dykes or levees, which increase the level for any given discharge, The frequency
ot a flood of @ given size 15 often described by the recurremie fnterval or rerm peric

ad. For example i« flood of, say, 2,500 m3/5 13 said wo have a return period of

100 years, then there i 3 1 per cent chance that the river discharge will be
2,500 m /5 (or higher) in any year. This defimrely does not mean that the fload
of a given return period occurs at regnlar intervals, but s merely a graphic way
of describing the rarity of the flood. An important parameter of the flood fre-
quency distribution 1% the mean annual flood, the avergge of the annual floads,
This gives u measure of the magnitude of leads for a particular river basin and
is used to scale the loods of different return periods for a catchment. It can he
related empirically to the characteristics of the catchupent such as area. slope,
rainfall statistics, soil types, and land-use. The mean annnal food 15 2 very com-
mon Hood and has a retarn peried of only 2 o 2.5 years, ln many rivers it is
approxiiately the flow chat the river channel can carvy when runming bankail.

EICGHT HUNDRED YEARS OF FLOCDING
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The earliest recarded flood in Flokence sccurred in 1377, over 800 years Ao, [he Lable lists the 56 mostseraus
tlacds since that date with the dols indicating the severity of the aFfects of sach Food, Thi watar lsvel reached
during egch Food can o longers be estimated because of changas ia the stucbares and layowt of the city, Howaver,
we no krow that the social impact of +IJ:lr.1-:I1|'|5| 10 the past was a5 gieat 35 1 s teday: Les: of human fves, urban
devastabon, seonomic darage and lass o jobs,

]-'Iuman settlementi lfferbed bjrﬁmds
- FAD. LS. Botery
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Figure 2.2

In designing a flood protecton scheme it 35 usual to design against a flood
with a specific return perod, the sdesign return periods, as this gives a measure
of the degree of protection that the scheme will provide, The longer the design
return period adopred for a scheme, che more secure it is against flooding. Hew-
ever, longer design return periods also mean higher costs and some compromise
has to be adapted based on allowable damage levels and costs. Econonuc analy-
sis can be used to set the design level to balance the cost of flood protecuon
works with the damage that s avorded, Extra precautions have to be taken when
human hife would be ar risk from overtoppang, 'L he United States and Canadiun
fload plain management systenis (see chapter 3, below) both adopted the 100
vear flood as the minimum level for desgn of flood protection works. Much
longer return periods are commonly used for dams, up to 10,000 vears 15 nor
ureormon, while mmany small urban draimage schemes may be designed for only
& wen-year Jood, EBstinating the magminade nf floesds with lang remirn periods is
ditlicult as llow records are ofien short and even when long records are available
it is very likely that the nature of the catchment has changed over the years and
this will have altered the flood regime. It is found that the rivers inoa region have
a similar lood distribution and the fHood data from the regnon can be pooled o
give more reliable estimates of the frequency of ocourrenee of rare floods for the



