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WMO AssociatedProgrammeor FloodManagement
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Tosupportcountriesin the implementationof
IntegratedFloodManagement (IFMyvithin the
overallframeworkof IntegratedWater
Resourcedlanagement (IWRM) tsmaximize

net benefits from the use dheir floodplains http:// www.apfm.info
and minimizelossof life andimpacts

For Integrated Flood Management

I t C K&Yy&trategicAreascan beseenin the image on the

Help countries

maximize benefits and Advance the left while the goalsstemmedfrom thoseareasare:
m’::,?’f,i,'.ﬁ':;;f,!'fe ARSRRIN  Aassistingcountries regionsand communitiesin the
LBl implementationof IFM
APFMES AKCollectingand disseminateknowledgeon IFM

Key Strategic Areas AAdVOCatingOl‘ IFM
AGrowingandreinforcinga network ofpartnersfor

Sustain an Effectij.re and well governed COOperation()n IFM

Programme with active partners Astrengtheningpartnershipsto increasetechnical

institutional, andfinancialcontributionsto IFM
Aefficientlyand effectivelymanageAPFM
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Course format

A The target of thecourseisto providethe science
background omelevantphysicaland social
processeshat producesfloodsanddamages

A For eachtopic first the science backgrourid
provided then someexampleson how to teach
the topicsinvolvingactivelystudents

A Teachingnaterial providedby APFMHelpdesk
WETprojectwill be used
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Course target
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A The natural features of a specific location, such as topography/landscape,

geology, hydrology (atmospheric, surface and ground water), soils and
vegetation; weather and climate;

A the human environment, including structures and utilities (e.g., roads,
buildings, power lines, dams, dikes, levees).

The features of a specific site may change over time.

Individuals should determine their water address to assess the likelihood of
their location becoming inundated during a flood.
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address, it is important to be prepared.
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Courseoutline

A Whatis aflood:
I Theincrediblejourney. the hydrologicakycle
I Thunderstorm
A Color me avatershed
I whatisawatershed
I someprinciplesof hydrologyof the extremes
I role of landuse inflood formation
A Where we canexpectaflood
I my hazardmap: howto identify riskpronearea¥
A Duringandafter aflood

I flood forecast
I Takeaction Whatto do to reduce the impact of #iood
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The hydrologic cycle: the way our planet circulates
water and energy and then defines its climate
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Water distribution on Earth

Galime
ground-

0.93%

Saline
lakes
007 %

Freshwater Surface water and
other freshwater

Total global
water

Source: lgor Shiklomanoy's chapter "World fresh water resources” in Peter H. Gleick [editor), 1993,
http:figa.water.usgs.gov/edu/earthwharawatar.himi

Water in Crisis; A Guide to the World's Fresh Water Resources,
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Water distribution on Earth
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Oceans
a97.31%
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Water cycle time scale

{ ) Atmosphere
127
T Ocean to land
‘ Water vapor transport
P
Procipitation
‘ 113

Surface flow . r S 4
40 Soil mosture
Uino T
hlldiind  Groundvater
15,300
Units: Thousand cubic km for storage, and thousand cubic kmdyr for exchanges
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Water cycle time scale

Turn-over time
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The engine is powered by..

Solar Energy
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Play thehydrologicakycle

A Target:
I describethe movementof waterwithin the water
cycle
I 1dentify the statesof waterasit movesthroughthe
water cycle
A Students play theole2 T & moélacitel]

A they often think the hydrologicakycleasa linear
path. Thisgameils specificallydesignedo
understandthe complexityunderlyingthe
hydrologicalkycle




Play thehydrologicakycle
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Thunderstorm

Thunderstormsare one of

V I (i dedd® Spéctacular
phenomenaTheyoccur
throughoutthe world. What
distinrguishesathunderstorm
from other typesof storms?
Thunderandlightning

Theyalsocan generatd-lashFloods whichare very
dangerougo humans wildlife and humanmade
structures FlashFloodsform whentoo muchprecipitation
fallsin arelativelyshort time.
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Background: air mass uplift

To have rainfall moist air masses must be uplifted

Three kinds of uplift mechanisms are usually
observed:

1. Air masses convergence
2. Convection

3. Orographic uplift




Convergenceiplift
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Extratropical cyclones frontal convergenceverticaluplift, coolingandcondensation
generatedby convergencef coldandwarmandmoisair masses
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Convergenceiplift
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Convergecencaplift

Non frontal convergence: tropical storms, hurricanes
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Orographiauplift

A
Orographic precupﬂal‘»g_fj
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AIRFLOW

A Un secondo meccanismo, molto pill efficiente e in grado di produrre precipitazioni molto
intense, e il sollevamento orografico: un flusso di aria umida e calda, incontrando una
catena montuosa, € costretto a sollevarsi per superarla.
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Area 0.1 m

Tippingbucket
Capacity

0,020kg\

Rainfalldepth

0.2mm

Rainfallobservation

spatialresolutiornt 0.1 n¥ (point observatior)
Temporalresolution

variable(traditional sensor$

few minutes (last generatiosensor$

Problems underestimation
= w Obstaclesloseto the gauge

w defectivesupport of the
bucket

w bucketfilling decreasing
with rainfall intensity
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Remote sensors :the meteorological radar
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Exampleof radarrainfallmap

Find in Google Maps Background Layer v | Observational Data v | Forecast Models v | Impacts v | Algorithms v | Info | Measure ¥ | Scenario ¥ | Report v | Bulletin v | External Apps v | Credits | @)

Rain Map SRI RISICO

Layer List

(=)= Dynamic Layers
== ) RADAR NatMos.SRT 1h Cum. 1
=] Legend Layer Legend:

picaltemporalresolution 10min

Typicalspatialresolutiornt 1 km

i+ (] Elements at risk 30 mm

iy | 39 mm
# [_] Emergenza Genova | PR

() (] Flood Past Events 50 mm

(# (] Landslide Past Even‘i | 60mm
70 mm

1+ (] Flood Maps BO A
(# [~ ] Costa Concordia Mo| 90 mm
) (] SAFER 99 mm

i 100 mm
& GIO EMS s
# (] Fire Risk maps 150 mm

User WMS Layers 175 mm
200 mm
300 mm
400 mm
500 mm

Tuesday, 27 October 2015 15:47 UTC

Wednesday. 28 October 2015 15:47 UTC



Remotesensorssatellites

A" GeosynchronougarthOrbit(GEOBatellites
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omparisorsatelliteradar

Background Layer v | Observational Data ~ e
—

3
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Tuesday, 27 October 2015 16:47 UTC ¥
Wednesday, 28 October 2015 15:47 UTC £}
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Color me avatershed

A understanding how floods form needs to
know what a watershed is and how It works
when rain comes

A size matters: floods in small and large basins
nave complete different characteristics

A population growth and settlement cause land
use changes.

A land-use variations in a watershed can affect
surfacewater runoff and flood frequency
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Watercycle at catchmenscale

Precipitation
b)

Interception
Evapotranspiration
Infiltration

Surface runoff
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Evapotranspiration

evapotranspiration = Sum of evaporation and plant transpiration from the

transpiration + evaporation

. ~ . earth's land surface to atmosphere.

transpiration

A A .
trees _ grass Evaporatioraccounts for the movement of water to the

air from sources such as the soil, canopy interception,
water bodies.

Transpiratiomaccounts for the movement of water within
a plant and the subsequent loss of water as vapor throt
stomata in its leaves.

v groundwater
recharge

Is a function of the availability of energy awdter in soil
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Infiltration

Is the processby which water on the ground surface enters the soil. Infiltration rate in soil
scienceis a measureof the rate at which soil is able to absorbrainfall or irrigation. The rate
decreasessthe soilbecomesd a | (i dzNEkhé [BeRipitationrate exceedshe infiltration rate,
runoff will usuallyoccurunlessthere is somephysicabarrier.

rainfall pattern
Ia nduseslandcover

Major factors affecting infiltration
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Whereare theboudariesof awatershed

A Wa’rer‘shed
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Credits WATERResourced/r. Manskopf, http:// slideplayer.corfslide/6458761/
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Evaluateaunoff andlandusechanges
effects

Map B Map C

100 YEARS AGO

50 YEARS AGO PRESENT
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Name: Date:
Chart for Option 2 AREA OF LAND COVERAGE
MAPA MAPB MAPC
100 yrs. ago 50 yrs. ago Present
Land coverage km? % km? % km? %
Forest
Grasslands
Wetlands
Residential
Agricultural
Stream
Chart for Option 3 VOLUME OF RAIN AND VOLUME OF RUNOFE
MAPA MAPB MAPC
100 years ago 50 years ago Present
Land coverage
and % runoff volume m? runoff m? volume m? runoff m? volume m* | runoff m
Forest
20% runoff
Grasslands
10% runoff
Wetlands
5% runoff
Residential
90% runoff
Agricultural
30% runoff
Total runoff
Total runoff
plus stream
discharge

(5,550,000 m”)
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Precipitation

Fromrunoff to floods

CatchmentRunoff
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Flashfloods

22/09/1992-10.45

22/09/1992 - 15.40 22/09/1992 - 15.45
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Wherewe canexpecta flood

A A floodplain offers enormous advantages for communities,
although living in a floodplain exposes its occupants to
flooding.

A History shows that absolute protection frofftooodingis
neither technically feasible nor economically (or
environmentally viable.

A Any riskreduction strategy aimed atreducing flood
damages through structural measures (suclflasd
embankments) provides only partial protection for people
Inhabiting flooodplains

A Suchmeasures, tooften, offer a false sense afecurity

A Everyondiving in afloodplainmust be aware of the risks
and be prepared forflood.

A Floodhazard and risk mapare onetool to help achieve
this.
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Effectsof landuse:not only runoff

BEND
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Floodrisk

Flood risk depends on

C Magnitude (flow speed, depth, extension, duration): HAZARD

C Location,numerosityandvalue for different economic categories of exposed (E)

C Wulnerability (V) of the exposed elements (people, shops, roads, sch¥als

X 1 £ff (K Sdeffesthé rSRin tliefmBsh
Of  aaAOl f gl e X

R=HXEXV
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Askstudentswhich environmentis more exposedo risk

Right: Yellow River, China

Below: River in northern
Canada

©iStockphoto.com/wonganan
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Riskassessment

Intervention on
the Vulnerability

Intervention on the _ ?d?e:spfgrnt?]igguse
Hazarde.g.:
Hydraulic \ ! _— | of ground and
intervention \ ‘B I : underground
improving river . - .l Y~
/ 1
s
, K Intervention on the
v Exposece.g.:
v Delocalization of
Flobd area  jopo buildings from hi
Threeyears intervention  after the risk areas
programs; Risk Reduction IIEVERTon
HENE TheResidual Risks the result of planning and

permanent risk mitigation actions

Residual Risk gRmust be faced, if it realizes, with real time
Intervention byCivil Protection

UTl. Previsione e FPrevenzion



A simpleexampleof ResiduaRisk

High vulnerability to Very
frequent inundation
(T=5-10 years)

Very low probabilities
of rare events remain i
Civil Protection
warnings, insurance

4t atenll

,__ -

T=50 yrs

Residual
Risk

Local defense
measure against
flooding to reduce the
inidation frequency
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Drawingariskmap

A interview peopleabout pastfloods
A look forpastfloodmarks

A gotothe field with amapandtry to
draw areaswhereflood canoccur

A identify other risks(landslideson
hillslopeg

A identify infrastructures(hospital,
schoolsshops X v

A identify possible escape roads and safe
places
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Duringandafter aflood

A we haveseenasfloodsl NJprodaced I|wfidretheycan

hit
A it isimportant that everyoneknowsher/hisa g I S NJ
address
I Thelikelihoodtheir location (homebut alsoschoo) A
workplacex 0 OFy ©0S Ff22RSR® ! LISN.

change during the day!

I timing: floods may come quickly on small creecks (flash floods)
or take days (riverine floods)

A flashfloodsare hard topredictwhile riverinefloodscan be
predicteddaysin advance

A once the watemddressn known, emergencyplansmust
be drawn

I for citiesandneighbourhoodsaisuallythis is made by
authorities-> beinformed

I for yourfamilyis goodto preparea familyemergencyplan
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Floodforecast

Precipitation Catchment runoff Flood
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STREAM HYDROGRAPH FOR A HYPOTHETICAL RIVER

FLOOD CREST (HIGHEST LEVEL OF WATER)

flood waters overflow

river bank and enter
floodplain

TPW&%&‘?‘,

assimi

POTENTIAL WATER SHORTAGE
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How toprotect yourselfif a flashflood comes

Aknowyourd & | adarbiss
A monitor waterlevelin rivers

A monitor waterleveland waterspeedon the
roads

A haveready orknowthe actionplandepending
onwhereyouare
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Rivers

Highrisk

Medium
A
Low
risk ﬁ

A

‘-v

riverbed

Not critical

about1/3 of theriverbed

about1/2 of theriverbed

about 2/3 of theriverbed
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Examples

Low
risk
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