Non-structural flood defence

and their contents moved up to higher floors in time of flood and thac the con
struction miaterials are able to withstand immersion withour damage, Wer flood-
proofed butldings must be able to withstand the drag and scour effects of the
flood warers, just the same a¢ dry Boodprooled buildings.

Floodproofing 15 sometimes regarded s a “poor man’ solution” to flood
problems in thar it provides a low level ol protection when more satisfactory
solutions are not available. Tt can, nevertheless, be valuable in this role Tt 15 also
waluable when normal food deferces fail either beeause the dood exceeds the
design level or because the defences have not been properly maintained. It is for
this reason that some authorities require all properdes m the flood plain, even
those behind a dyke, to be floodproofed, The infrastructure svsterns such as the
electricity and water supplics, the telephone system and the sewer system must
always be floodproofed, Modern seciety is so dependent on these systems that
they st be desizmed and built to resist floods.

Soil and water conservation

As noted previously, most hwman changes 10 a catchment rend to reduce
infiltraton and increase runoff and erosion. The aim of soil and water conserva-
tion 15 to reverse this tendency and to preserve sonl and warter resoarces by good
land-use practices, which also hielp reduce floods. Overland flow, resulting from
poot infiltration, gives rise to rapid Increases n river flows (Le, foods) and ro soil
erosiont. Good land use practices enhance infiltraton, which reduces averland
flow and erosion and by delaving the movement
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of water to the stroam reduces flood peaks. The
infilrrated water will appear in the steeam much
e later, increasing dry weather flow so thar more
weater 1s available when it is needed. The diagram,

Temazing
LE= wrech, = .
e s s i it figure 5.1, summarizes the methods used.
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o Reforestation decreases tunoll and stabilizes
sols. In many cases, excessive deforestation has
produced bare soils, extremely prone to erosion,
with poor absorptive capacity and that are often
of little value for agriculture. Reeplanting the for-
g5l 1s 4 long-termy mieasurd, requiring some

decades o become filly elfeciive, Existing forests

need careful matagement if they are to continue
o proside protection, Over-marare forests need to be rejuvensted by planting
neve trees, Herbivorous animals, such as decr, need to be controlled to protect
the forest. Cattle grazing in forest pastures can be even more damaging than deer
because they cal much more. Grazning therefore needs o be carcfully conmolled.
For commercial reasons, large areas are often planted with a single, fase-growing
species of tree. These monocullures are especially at risk from disease, so 2
healthy mix of species 15 needed in any forest,

Reforestation 1s not always possible and when the land is used for agmeuloure
or grazing, sensitive land-use praclices need to be applicd. Steeper land has (o be
terraced. This not only provides tlat areas for growing crops, but alse makes more
water infilrate, reducing foods and adding to water resources. Where lerracing
is not possible, techniques such as contour ploughing must be used. If the plough
furrows run downhill, they provide a ready path for water, leading to increased
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MNon-structural flood defence

The hyvdrological models used for forecasting use measurements of the ran
tall owver the catchment and produce estinates of future river flows. The rainfall
data have to be particularly detailed because the rate of rainfall waries greatly from
time to dme and fom place to place. Usaally, a network of relemetering rain-
grauges 15 used to collect the data autenuatically and to cransmic it to a cenoral site,
erher by land-line or by radio, Radar is also vsed to estimiare the ranfall over an
aren. The radar beam s reflected off raindrops and the intensity of the reflection
mves a measare of the rate of ranfall, Unfortunarely, the reflecrion also depends
om other factors, including the size of the raindrops, and radar rainfall measure-
ments have to be continuously calibrated by comparison with the relemetering
rain-gauge nerwork, Kadar is capable ol giving o detailed picrure of the variation
of ramnfall over an area and successive radar images can be combined to show the
movement of the rainstorm. Computer analyses of the movement can be used to
provide a short-term forceast (a fow hours ahead) of the rainfall.

Once all the dara have been received at the forecasting centee they are
checked and can be displaved and used to run the forecasting model, The resules
of the model calculations will give forecast flows and Tevels ar the selected sites
tor a shorr period ahead. This can onlv be a short period because the direct
runoff, by far the largest component of the flood, will have left the catchment
in a few hours and the rme this takes, called the stime of concentrations of the
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catchment is the upper b for forecasts based on current ramfall data, The fime
ol concentration s longer for larger, flatter catchments and also depends on soil
types and land use. Tipical values would range from several hours to a fow days.

The forecast period can only be extended bevond the ume ol concentranion
if some cstimate of future rainfall, 5 so-called quantitutve precipitation forecase
(CIPF}, 35 available, QPF methods ate being developed wsing data from radar and
sarellite observations which can be analysed wsing a Lmited area meteorological
madel, which gives more demailed coverage of the limited area than the genceral
weather foreeasting models. These QPF methods are starting w enter opera-
tional service, bur as they are very advanced technigues it will be some ome
before they are in general use throughout the world. In the absenee of QPF the
hvdrolegical forecaster can only 1magine some furure rainfall scenarios and cal-
culate model vesults based on these, Tepically the forecaster mighrt caleulate the
furure flows if the rain were to stop, which zives a lower limit to future flows,
or if 1t were to continue at the same rate tor the next few hours. The skall and
experience of the [orecaster become important in these ciromstances.

Any forecast should be compared with fater readings of river levels to check
its accuracy. The ternal medel parameters can then be adjusted to correct the
torecast. This procedure, termed model updatng, s increasingly being used o
keep the model on track in its simulation of the behaviour of the carchment.
Early II-L'H'L‘L':I‘\LiTIg systems, including manval systems that predated the use of
computers, were run on an event basis. that is to say only dunng Hoods, and yave
lorecasts for one or two critical points in the miver syscem, Modern systems are
capable of providing fovecasts at a large number of pomts and are run continu-
ously and are thus useful for other water resource management functions. The
forecast systerm might be ron once a day to keep the model updated during nor-
il flow periods and more frequendy once an emergency occurs.

Once the forecast s made it must be put nto terms that the layman can
apprecaate and chen dissemminated o chose that need it and can act upen it
mnchuding the amnal anthornties, the police, the media and the general public, The
diagram show the forecast dissemination network ol Hood forecasts on the
Fhine at Mainz, figure 5.2 and the Auvstralian meteorelogical hydrological
torecasting svstem, figure 5.3, Mote in both cases, the grear emphasis placed on
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the dissemination of forecasts. The lorecast system can be conadered in rerms of
mformation Qow [rom the collecdon of data to the dissemination o the end-
users. The design of the complete forecasting system needs to be considered
startingg from the poinr of view of the end-nsers. The design should 1dentfy
these end-users and their requirements for forecasts in terms of the informaton
tv be provided at specific sites. It iz only once these forecast requirements have
been formuolated and agreed by the users, that the rechnical people can start
work Lo build the forecasting system.

TheYorkshire region of the Unired Kingdom Environment Agency operates
a comprehensive flood forecasting system for protection of life and properties
its region, The rivers of Yorkshire, dominated by the Baver Ouse and s oribu-
raries rising in the Pennines to the west and the North Yorkshire moors to the
north, drain an area of 13,500 km2, Snowmelt from the Pennines has been an
important cause of flooding 1 the past and there is a risk of storm surges in the
tidal reaches of the Ouse. In the region there are about 5,000 houses vn unpro-
tected Hlood plams and 1t has been estimated that the potential annual benefit of
tunely warnmngs exceeds £ 1 million (LSS 1.7 million). A ood in January 1982
cavsed extensive damage m owo towns, York and Selby, with 800 propertes
flooded. In addition, 18,700 ha of farmland were Aooded. The lorecasting sys—
tem was set up to meet a general forecast requirement for a four-hour warning
of looding on the nuddle and lower reaches of the main rivers. The forecasting
systemnl makes forecasts at some 115 points i the region and a total of 208
detailed lorscast requirements, for flood and low-flow forecasts, was identified.
Ramnfall forecasts are necessary to provide flood forecasts in time in the upper
reaches, but their importance diminishes in the lower reaches where the natur
al lagr in the river system response makes forecasts more accurate and reliable. The
hydrological portions of the svstem use the Unired Kingdom Instizute of
Hyvdrology Raver Flow Forecasting Svsterm (RFFS): 3 modular, generic model
ling system that can combine different hvdralogical and hydeaolic models with
mulople data sources.

The Yorkshire forecasting centre receives information from an extensive
telemerry network as well as radar and satellite data and results from numerical
weather prediction models from the Umited Kingdom Meteorological Oiffice.
[nput data and model results can be displayed graphically for the use of the lore-
castery and relexes and faxes for sending forecast results 1o the end-users can be
generated on-line,

Monitoring the performance
of flood forecasting systems

I'here are many individual elements in a food [orecasting system hnked to
one another like the links of 4 chain (see box). All links in the cham are neces-
sary lor Isuing [forecasts.

Countries participating i WHMOYs Tropical Cyclone Programme have been
usity o simple three-pare points scoring system, based on this chain, o monitor
the performance of their floed forceasting systems. The Management Overview
of Flood Forecasting Systerns (MOFFS) 15 designed o allow a flond forccastng
system Lo be quickly deseribed and momitored on g single sheet of paper. The
ainnn is Lo highlight the weakest links 0 the chan for appropriate management
acbion.
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A srandard form 18 used o assess for each link in the chain:

+  Minimum Reguirement Points
The locally assessed mimmum standard required to provide ellecrive flood
watninges

*  Achievement Points
The level of performance actually achieved by the link in a partcular flood
event,

+ Deficit Points
Achievement Poants minus
Minimum Requirement Points.

LINKS 1M THE CHAIN OF
i FLOOD FORECAETING
SYSTEM
Hydrometric Facilities:

Metearological Forecasts

Megative |deficit Points mean
that the component i question has

fallen below the standard judieed
necessary atd tnanagement achon
15 requuired to remedy this. An over-

Satellite and Radar Data
River Gauge Network
Standard of River Gauges

all measure of the performance of Standard of Main Forecast Site
the flood forecasting system in the
flood event 15 obrained by sum- Data Transmission and Processing
Receipt of Meteorological Forecasts
Receint of Satellite and Radar Data
Rainfall Data Transmission
River Gauge Data Transmission
‘Main Farecasting Site Transmission
Data Forecasting Time Limit
Modal Type and Operation
flood Farecasting Centre Facilities

mung all the negative Deficit Points
and expressing them as @ percent-
age of the total Minimom
Boeguirement Poings. The system
aperates m conjunction with a set
of trigger levels which, when
exceeded {or forecasted ro he
exceeded), would result in pre-

specificd actions such as ealling ot : :
I s @ Issuing Forecasts and Warnings

Reliability of Forecasts
Dissemiratian to Next Users
Dissemination ta Fnd-Users

the cmergency services. A lead
e s assoctated with each migger
level and is the time required for

effective dissermmation of warnings

and subsequent action {e.g. evacua-
tion). The MOFES manual, now in its third version, gives rules for deciding the
Minimum Requirement Points and the Achievemenr Points.

The system 15 applied regularly by 13 countries in 25 river basins, ranging in
size from 90 to over LOOO00 km?,




