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At the scale of the Earth, floods are the natural hazard that disturb more
people. They affect the areas located near the rivers, downstream dams or along
lateral dikes and along the shoreline. According to the World Meteorological
Organization, the disasters caused by floods have been increasing, due to
urban expansion into floodplains ... climate change

A flood can be defined as a general and temporary condition of partial or
complete submersion of an area ... of land usually dry ... as a result of the river
overtopping or of the tidal raising, or by the rapid and unusual accumulation of
water from any source, mud or land collapse along the shoreline
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There are different types of events that may result in floods ... in
terms of river floods, there are the (1) progressive floods, like
those along some of the large European rivers, like Danube or
Seine, and the (2) flash floods or occurring in small
watersheds, inducing mudslide; the floods along the shoreline
due to (3) storm surges; the floods caused by the (4) collapse
of dams and dikes, ...

M.M.Portela (Feb/2022) ---- 10 W

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders

‘ : [

A\ ‘o fundsc by the .

) SWe ' crasmics roaronme [NEHE
o Eerapoon o
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Infrastructure collapse - OROVILLE (Northern California, 235 m high - the tallest dam in the U.S; start of
- S T operation 1968) — Feb/2017

Heavy rainfall events
... heavy rainfall over a period of
several days, killing ... Laos, 2018

.... Kenyan dam bursts following weeks
of heavy rainfall, killing ..., May/2018

AT . . iyt M.M.Portela (Feb/2022) - 13
Hundreds of People Missing after Dam Collapses in Laos
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Concept of natural flood ... although widely used does no have

a precise definition (perhaps because the floods are mostly recognized by its
anthropogenic consequences)

Gradual and progressive raising of the water surface along a river
resulting in exceptional maximum heights that propagate
downstream. The flood concept is always connected with the
occurrence of exceptional water heights in the river and,
accordingly, with exceptional river discharges.

M.M.Portela (Feb/2022) ---- 14 W

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders

Vswarm _~

Catchment Event nainfall

b From a hydrological

L point of view, a flood is

e considered to occur when

®  Seilypes the watershed is fed by

T e intensive and prolonged

N % rainfall that results in river

? "1 discharges that exceeds
Waterway ; the normal conveyance

size Urbanisation

capacity of the river,
causing the overtopping of
the margins and the

|
Tidalstorm A -
surges - > * N -

Soilmolsture conditions submersion of the lateral

fields.

Natural causes (like intensive rainfall events)
Artificial causes (dam break)
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European Union Directive 2007/60/EC on the assessment and
management of flood risks (FLOOD DIRECTIVE)

In force since 26 November 2007. It requires Member States to
assess if all water courses and coast lines are at risk from
flooding, to map the flood extent and assets and humans at risk
in these areas and to take adequate and coordinated measures
to reduce this flood risk. It also reinforces the rights of the
public to access this information and to have a say in the
planning process - introduced in each EU country legal
framework by specific decree-laws.

Strengthening of master curricula in water resources management .
for the Western Balkans HEIs and stakeholders MM Portela (Febi2022) -~ 16
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Hydrological
data

- Dishcarges records

- Maxima water depths

- Historical floods
maps
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FLOWCHART
FOR FLOOD
RISK
ASSESSMENT
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- Dishcarges records

- Maxima water depths

- Historical floods
maps

Hydrological Establishment of Evaluation of the flood
data national maps with consequences

flood hazard

- Definition of the probabilities or
of the return periods to be
adopted (i.e., 1% or 100-year
return period)

- Economical losses in

- Endangered population
- Minimum life standards

infrastructure

affected

FLOWCHART
FOR FLOOD
RISK
ASSESSMENT
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maps

Hydrological Establishment of Evaluation ofthe flood
data national maps with consequences
- Dishcarges records flood hazard - Economical losses in
- Maxima water depths - Definition of the probabilities or infrastructure
- Historical floods

of the return periods to be
adopted (i.e., 1% or 100-year
return period)

- Endangered population
- Minimum life standards
affected

Production of maps with the flood risk
Risk = Probability of occurence of the hazard x its consequences

FLOWCHART
FOR FLOOD
RISK
ASSESSMENT
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Hydrological Establishment of Evaluation ofthe flood

data

- Dishcarges records
- Maxima water depths
- Historical floods

national maps with
flood hazard

- Definition of the probabilities or
of the return periods to be

- Economical losses in

- Endangered population

consequences

infrastructure
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Hydrological
data
- Dishcarges records

- Maxima water depths
- Historical floods

Establishment of
national maps with
flood hazard

- Definition of the probabilities or
of the return periods to be

Evaluation of the flood
consequences
- Economical losses in

infrastructure
- Endangered population

maps adopted (i.e., 1% or 100-year - Minimum life standards maps adopted (i.e., 1% or 100-year - Minimum life standards
return period) affected return period) affected
Production of maps with the flood risk Production of maps with the flood risk
Risk = Probability of occurence of the hazard x its consequences Risk = Probability of occurence of the hazard x its consequences
Mitigation measures - risk
IS THE RISK FLOWCHART - Landr;gngi‘r:\;wn basedon: IS THE RISK FLOWCHART
ACCEPTABLE = FOR FLOOD -;gg:ég;l ?;e;st&;’ﬁ:sf)orﬂood ACCEPTABLE = FOR FLOOD
RISK - Non- structu}ai'measure (e.g., flood RISK
ASSESSMENT warning system, legislation) ASSESSMENT
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Hydrological Establishment of Evaluation of the flood ’ \ i
_— data national maps with consequences

- Dishcarges records

- Maxima water depths

- Historical floods
maps

flood hazard

- Definition of the probabilities or
of the return periods to be
adopted (i.e., 1% or 100-year

- Economical losses in

- Endangered population
- Minimum life standards

return period)

infrastructure

affected

:

According to the European directives, but also to the risk

concept itself, the flood risk combines the probability of a

flood and its consequences/damages ... vulnerability

Production of maps with the flood risk
Risk = Probability of occurence of the hazard x its consequences

Mitigation measures - risk
reductionbasedon:
- Land planning
- Structural measures for flood
protection (e.g., dikes)
- Non- structural measure (e.g., flood
warning system, legislation)

'

IS THE RISK
ACCEPTABLE *

FLOWCHART
FOR FLOOD
RISK
ASSESSMENT

I

Periodic revision (changes in the land
use and occupation, effect of the climate

changes, new infrastructures, etc.)
M.M.Portela (Feb/2022) ---- 23 W
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Waterways (e.g., Rivers)

/

Flooding

Population and Infrastructure|

Floods are always at the interface
between the natural and the built
environments
(if there were not assets of any kind affected, the
floods would not be a problem!).

It is necessary to be prepared before the
events occur in order to be able to act
efficiently later, aiming at minimizing
future damages.

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders
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Two D representation of the flood risk
assessment

DINGMAN, S. L., Physical hydrology, Prentice-Hall, Inc., 1994

Fisk 1st quadrant: relationship between
the flood discharge and the non-
exceedance probability — often of
statistical nature.

M.M.Portela (Feb/2022) ---- 26 W
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Two D representation of the flood risk
assessment

DINGMAN, S. L., Physical hydrology, Prentice-Hall, Inc., 1994

2nd quadrant: relationship between
the flood discharge and the flow depth,
a flood routing mathematical model,
of hydraulic nature.

M.M.Portela (Feb/2022) ---- 27 W
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Two D representation of the flood risk
assessment

DINGMAN, S. L., Physical hydrology, Prentice-Hall, Inc., 1994

3rd quadrant: relationship between the
damages due to the flood and the flow
depth - coupling between a
mathematical hydraulic model GIS-
based and a economical model
(cumulative net present value of all the
damages).

M.M.Portela (Feb/2022) ---- 28 w




WSWarm _~ Two D representation of the flood risk
g NSRS
assessment

DINGMAN, S. L., Physical hydrology, Prentice-Hall, Inc., 1994

... obtained by coupling the previous
results and relationships

4th quadrant: assignment between the
damages due to the flood and their
probability of occurrence, expressed by the
flood probability

RISK EVALUATION Risk=probability of
occurence of the hazard x its consequences

M.M.Portela (Feb/2022) ---- 29 W
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depth flood damages probability
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But to assess the risk it is
necessary to characterize
the floods

M.M.Portela (Feb/2022) ---- 30 W
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Caudal/
/Discharge

Catchment

Tempo/Time
v Geographic unit adopted in the characterization: watershed/catchment all
the processes occur at the watershed/catchment level

v" Flood characterization
Exceptionality/probability
Chronological diagram — flood hydrograph (Q versus time)

Peak flood discharge Depending on the purpose of
- the characterization

M.M.Portela (Feb/2022) ---- 31 W

Flood volume
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Bridge design \mlrm

beam

cantilever

Legend

s Traditional dike (current situation)
- Tradifional reinforcement

-+ Delta dike

Robust multifunctional flood defence zone

Time

suspension

cable-stayed © 2006 Encyclopadia Britannica, Inc.

Dikes for lateral protection

M.M.Portela (Feb/2022) ---- 32 w
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Flood control in artificial reservoirs aiming at reducing the
peak flood discharges downstream

Reservoir

Inactivel
pool

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders
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Flood control in artificial reservoirs aiming at reducing the
peak flood discharges downstream

neservolir

Flood volume

| BOTH FLOOD

VOLUME AND PEAK

FLOOD DISCHARGE
ARE REQUIRED

Discharge

Strengthening of master curricula in water resources management
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Factors that affect the natural river floods

» Factors related to the to the time of concentration

of the watershed - watershed area and relief, river
networks characteristics (time needed for water to flow from the most

remote point in a watershed from a kinematic point of view to the watershed outlef)

M.M.Portela (Feb/2022) ---- 36 w
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Factors that affect the natural river floods

> Factors related to the to the time of concentration
of the watershed

Strengthening of master curricula in water resources management M. Portela (Feb/2022) — 37
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Ridge line

Rain and snow

River outlet section

The watershed in a given river section — outlet — is the area that collects

the rainfall and drains it into that river section. Is defined by a close line

connecting ridge lines and including all the rivers and streams that run
downslope towards the outlet

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders

(1/25000
topographic
map)
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Factors that affect the natural river floods

> Factors related to the to the time of concentration
of the watershed - watershed area and relief, river networks

characteristics (time needed for water to flow from the most remote point in a

watershed from a kinematic point of view to the watershed outlet)

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders
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Factors that affect the natural river floods

> Factors related to the to the time of concentration -

watershed area and relief, river networks characteristics (time
needed for water to flow from the most remote point in a watershed from a

kinematic point of view to the watershed outlet)

> Factors related to the

rainfall losses or

abstractions - previous water storage and moister

conditions in the watershed, vegetal cover, land use.

» Factors directly affecting the shape of the flood
hydrograph - temporal and spatial distribution of the

rainfall.

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders
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Factors related to the time of concentration ..
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»>Surface slope: as the slope
T the peak flood discharges
T the flood hydrograph dura-
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T the peak flood discharges
TT the flood hydrograph dura-
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»>Surface roughness: as the
roughness T the peak flood
discharge lol- decreases and the
flood hydrograph duration T
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The physical characteristics of the watershed and of the

river network that “delay” the water movement or that

“promote” the natural water storage (e.g., lateral flood plains) Or
that increase the rainfall losses in the watershed result in a
decrease of the peak flood discharges and an increase of
the duration of the flood hydrograph (the opposite also applies)

When addressing a flood analysis problem it is fundamental
to be aware of all the constraints that interfere in the flood
characteristics and to be able of implementing models to
account for them




Factors directly affecting the shape of the flood hydrograph
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Discharge, Q (cfs)

» Temporal distribution of
the rainfall in the shape
of the flood hydrograph

Time, T (hrs)
(a)

<Y stom A K/J:Bstovm B
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g Storm B
S
g Storm A
Time, T (hrs)
®)
B
g
Sl a-s BoA
Storm Storm §
movement movement ﬁ
o]
Time, T (hrs)

A

»Effect of the spatial

distribution of the rainfall ...
generally the models are
lumped, allowing to consider
in each moment a kind of a
average temporal distribution
of the rainfall over the entire
watershed and not different
temporal rainfall patterns
among regions

Mays, L. W (1st ed.), Water Resources Engineering, John Wiley and Sons, Inc., 2001
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affects floods?

= After development
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How urbanization
affects floods?

Erasmus+ Programme I
@ Eureposn Union

| POST-DEVELOPMENT

Summer Low Flow Level

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders
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Runoff (3R)

How urbanization
affects floods?

It acts by
precipitation losses (due to
the infiltration decrease)
and by the flow
velocity (due to the surface

urbanized watershed

roughness decrease) thus SREREEnS
reducing the time of o unurbanized
concentration, \/’ / W;?g:;iﬁ:g
the design rainfalls < ¢ e
intensities and, \\\ e
consequently, : R —
the peak flood discharges new -
o . . lag [~— time
and anticipating the their time
occurrence old lag time
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Approaches to estimate peak flood discharges or/and
floods hydrographs

> Statistical methods Peak flood
discharges
> Empirical formulas /
» Regionalization models
» Unit hydrograph model Peak flood
\ discharges and
> Flood routing models flood

hydrographs

|

' HEC-HMS
PROGRAM

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders M M.Portla (Feb/2022) ~— 55
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Aspects that should be accounted for when choosing the model to apply to the flood

=

Clear understanding of the conditions/constraints of each particular

flood characterization ... sometimes the younger engineers begin to
do the computations before thinking about the framing of the problem

Objective: peak flood discharge and/or flood depth and/or flood volume.

Watershed under natural conditions or not .. are there artificial reservoirs for
flow/flood regulation/control?

» Watershed area — larger watersheds require more assumptions and
simplifications namely when, rather then statistical tools, rainfall-runoff models are
applied.

VY VY

> Available data, obviously of hydrological nature, but also topographic data,
namely when flood depths or flood elevations are wanted.

Option for the more suitable model

Strengthening of master curricula in water resources management .
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... the more complex a model is, the
more coarse its results may be if the
available data is not enough to compute
the parameters of the model and to
validate the model

Principles that should guide the development of a model

A model should not be more complex than the necessary and should include the
PARSIMONY |. smallest possible number of parameters with values to compute from the data

MODESTY A model should not intend to do “too much”; there is not such thing as “the model”

The model should not intend to describe a phenomenon with a precision higher than
PRECISION = the capacity to measure it

TESTABILITY |, Amodel mustbe verifiable and it is necessary to know if it is valid or not and what are

controllability, manageability,
steerability, controlability,
what are other maneuverability,
Words; ifor directional control
testability?

Strengthening of master curricula in water resources management
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Approaches to estimate peak flood discharges or/and
floods hydrographs

> Statistical methods Peak flood

 ; discharges

» Regionalization models /
» Unit hydrograph model Peak flood
\ discharges and
flood

> Flood routing models —
hydrographs

» Empirical formulas

' HEC-HMS
PROGRAM .«

Strengthening of master curricula in water resources management .
for the Western Balkans HEIs and stakeholders MM Portela (Fei2022) - 58

. Cofundac by the e,
Wswearm _~ somirrie: B
e—
CHARACTERISTICS OF THE PREVIOUS EXPERIENCE AND
SELECTION OF THE TYPE OF
GLOBAL SYSTEM TO ANALYZE MODEL AND IDENTIFICATION OF KNOWLEDGE; CONSTRAINTS
=P ITS GENERAL FORM <
P < 1
J L SPECIFIC CHARACTERISTICS
OF THE HYDROLOGICAL
AVAILABLE | EnTIFicATION OF THE | PROCESS UNDER ANALYSIS
HYDROLOGICAL » MODEL STRUCTURE <
DATA
ESTIMATION OF THE MODEL PARAMETERS |
ANALYSIS OF THE MODEL ADJUSTMENT P
< ¢
L
ESTABLISHMENT OF THE DESIGN VALUES
Nl
UNCERTAINTY AND RISK ANALYSIS B
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Some hydrological variables, like the extreme rainfalls and the peak
flood discharges, Q, they originate are “design” conditions
being often assigned to a design criteria expressed in terms of their
non-exceedance probability, F

(Noon-exceedance probability = probability of having values smaller or equal to
the considered one)

.... Noon-exceedance probability H RETURN PERIOD
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RETURN PERIOD (also recurrence interval)

Average number of years between the occurrence of extreme events equal or
above a given threshold - statistical concept

100-YearFlood Floodplain
50-YearFlood Floodplain
10-YearFlood Floodplain

Stage & discharge of 100 -|Year Flood

Stage & discharge of 50 {Year Flood

Stage & discharge of 10 - Year Flood
Strengthening of master curricula in water resources management .
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s P ¥ 34 ; )
l\ bos Ma‘ ~‘.‘.‘.‘_
10 Year Flood
. e o -

-
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Non-exceedance probability Return period
F T

(%) (anos)
0.900 10
0.980 50
0.990 100
0.998 500
0.999 1000

The concept of return period DOES NOT CONTAIN any notion of
periodicity. The probability of the event with a given return period, T, to occur in
any year is 1/T, in two consecutives years, is (1/T)? .... in i consecutive years

(1/T)i
Strengthening of master curricula in water resources management .
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Adjustment of statistical laws to the available sample
of peak flood discharges

Flood discharges
(m¥s) gy

—— L. Gumbel 12000 +
——L. Pearson il
——L. Log-Pearson lll
——L. Goodrich
——L. Galton
----L.Normal

= Qima

25 $p1op 200 500 T (years)
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Selection of the design value (for a given T)
according to the law with best adjustment

Flood discharges
(m¥/s)
200:0

175.0
———————————————————————————————————————— 150.0-1 -

777777777777777 e~ 125,04

H
— Nornal law

— Gumbel law

”””””””” 5 s L 1 B = Pearson type lll law

B Sample
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Approaches to estimate peak flood discharges or/and
floods hydrographs

> Statistical methods Peak flood

discharges

|

» Empirical formulas

» Regionalization models /
» Unit hydrograph model Peak flood

\ discharges and
> Flood routing models flood

hydrographs

' HEC-HMS ’
PROGRAM
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In terms design conditions related to flood
analysis, what is an ?

Rainfall with a given duration and very high
intensity

'. /”‘ - :‘;f B

PR 2 o 7
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Q peak flood discharge

i intensity of the design
rainfall

A watershed area
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In terms design conditions related to flood

analysis, what is an extreme rainfall?

Rainfall with a given duration and very high
intensity

What means a given duration?

o 70 _
It is a duration equal to the time of
concentration of the watershed where the

flood analysis is being done

Strengthening of master curricula in water resources management
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Time of concentration — time needed for water to flow from the most
remote point in a watershed from a kinematic point of view to the
watershed outlet)

F. de Giandotti

F.deTemez = ........

t. — time of concentration (h)

A — watershed area (km2)

L — length of the main river (km)

h,, — average height of the watershed (specific model) (m)
d,, — average slope of the main river (without units)
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Longitudinal profile of the
main river (obtained based on
topographic maps/surveys)

Elevation (m)

Cotundad by the (TG

Elevation (m)

1 Total length, L

Distance (m) :

Strengthening of master curricula in water resources management
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>

Distance (m)
A: Maximun elevation — miminum

elevation

Average slope,dm=A/L
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INTENSITY-DURATION-FREQUENCY CURVE (relationship between the
intensity of the rainfall, i, and its duration, t, for a given non-exceedance probability,
expressed via the concept of return period)

20— I S S
' —T=3 year

£ 200 fbtonn =—T=5 year
E R - —=T=10 year
TS N T N - —T=30 year
(7 W T=50 year
ko N R T=100 year
£ 100 : FU SR S— R W ZR—
£
(]
04

For a given return

- period, T expressed

in years, adopted as

] design criteria

i=Pt=atn"

with n<0

20 40 60 80 100 120 140
Duration (min)

Strengthening of master curricula in water resources management
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INTENSITY-DURATION-FREQUENCY CURVE (relationship between the
intensity of the rainfall, i, and its duration, t, for a given non-exceedance probability,
expressed via the concept of return period)

_ —T=3 year For a given return
§ 200 f """" '___ $i6130year ) 7 period, T expressed
E | —.-yea in years, adopted as
Y ; i - —T=30 year . o
2 150 papra e _ 7 design criteria
o A T=50 year
..9 ..... T=100
£ 100 S S S S i
=
& i=Pt=atn"
50
‘ ‘ ‘ with n<0
' T |

I |
20 40 60 80 100 120 140 160 180
Duration (min)
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The simplest formula for peak flood discharge evaluation - the
rational formula (empirical formula)

Q=CiA (homogeneous formula)

Q peak flood discharge with the return period of T years (m?/s)

C coefficient that mainly accounts for the rainfall losses ( ... type and use
of the soil and return period ... for T=100 years C approx. equal to 0.8)

i average intensity of the total rainfall with duration equal to the time of
concentration and with the return period of T years (m/s)

A watershed area (m?)

(available in each
INTENSITY-DURATION-FREQUENCY CURVE country or able of
being establishing
based on the existing
rainfall records)
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C=01751 /3 ... t, rainfall duration

n

T

- ... T, Return period
100

C:Cmax

... I, % of impervious area

C=0,3641log t+
+0,0042r - 0,145

VAR 2R vy 2l

C=72(10"7)CN3 T 995 001N 08 |-5°2
(0,001 CN8) 015-01 T [(R 1. 1)/2]07

...i, average rainfall intensity; S, average slope of the ground surface;
R, percentage of impervious area; CN, curve number, CN

Strengthening of master curricula in water resources management
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Table 1: Runoff coefficients for the Rational method ey
of tho Europasn Union
Hydrologic Seil Group A B C D
Recurrence Interval 5 10 100] 5 10 100] 5 10 100] 5 10 100
se ace

Characteristics
Business:
A Commercial Area 75 80 95| 8 8 95| 8 8 95|85 90 95
B Neighborhood Area 50 55 65|55 60 70| 60 65 75| 65 70 80 (Fonte: lowa
Residential: -
A Single Family 25 25 30| 30 35 40| 40 45 50| 45 50 5% Stormwater
B Multi-Unit (Detached) 35 40 45| 40 45 50 | 45 S0 55 | 50 55 65 Management Manual
C Multi-Unit (Attached) 45 S0 55|50 55 65|55 60 70| 60 65 75
D. 1/2 Lot Or Lasger 20 20 25|25 25 30|35 40 45|40 45 S50 . .
E. Apartmeats 50 55 60|55 60 70|60 65 75|65 70 80 http://www.iowadnr.gov
Industrial /Environmental-
A Light Areas 55 60 70|60 65 75|65 70 80|70 75 90 Protection/Water-
B. Heavy Areas 75 B0 95|80 85 95|80 85 95|.8 85 .95 Quality/NPDES-Storm-
Parks_ Cemeteries
Playgrounds 1010 15|20 20 25| 30 35 40|35 40 45 Water/Storm-Water-
Schools 30 35 40| 40 45 50 | 45 50 55 | 50 55 65 Manual)
Railroad Yard Areas 20 20 25| 30 35 40 | 40 45 45 | 45 50 55
Streets
A Paved 85 90 95| 8 9 95|8 9 958 90 95
B. Gravel 25 25 30 |35 40 45|40 45 50| 40 45 50
Dnves, Walks, &
Roofs 85 9 95|85 90 95|38 90 95|38 90 95
Lawns
A 50%-75% Grass
(Fair Condition) 10 10 15| 20 20 25| 30 35 40| 30 35 40 Q _ C a A
B. 75% Or More Grass - I
(Good Condition) 05 05 10|15 15 20|25 25 30|30 35 40
Undeveloped Surface’ (By Slope)’
A Flat (0-1%) 0.04-0.09 007-012 011016 0.15-020
B. Average (2-6%) 0.09-0.14 0.12-0.17 0.16-0.21 0.20-0.25
C. Steep 0.13-0.18 0.18-0.24 0.23-0.31 0.28-0.38

1 Undeveloped Surface Definition: Forest and agricultural land. open space.
“ Source: Storm Drainage Design Manual, Erie and Niagara Counties Regional Planning Board.
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Approaches to estimate peak flood discharges or/and
floods hydrographs

> Statistical methods Peak flood
discharges
> Empirical formulas /
» Regionalization models
» Unit hydrograph model Peak flood
\ discharges and
> Flood routing models B flood
hydrographs
HEC-HMS }
PROGRAM V- -

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders
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Unit hydrograph with
duration D, UHD

A unit hydrograph (UH) is the hypothetical unit response
of a watershed (in terms of peak discharge, runoff volume and
timing) to a unit input of rainfall. It can be defined as the
direct runoff hydrograph resulting from one unit (e.g., one
mm or one inch) of effective or excess rainfall occurring
uniformly over the watershed at a uniform rate over a
unit period of time, D.

Strengthening of master curricula in water resources management 022) . 53
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Unit hydrograph with
duration D, UHD

A unit hydrograph (UH) is the hypothetical unit response
of a watershed (in terms of peak discharge, runoff volume and
timing) to a unit input of rainfall. It can be defined as the
hydrograph resulting from one unit (e.g., one
mm or one inch) of |(_affective or excess rainfall|occurring
uniformly over the watershed at a uniform rate over a
unit period of time, D.

TWO PRIOR CONCEPTS
* Direct runoff
* Excess rainfall

Strengthening of master curricula in water resources management -
for the Western Balkans HEIs and stakeholders M.M.Portela (Feb/2022)
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v' Baseflow

Hydrograph

COMPONENTS OF THE z
FLOOD E
HYDROGRAPHS v Direct runoff ~ "E===
Q)
A
1 irect runoff
3 Recession curve
&
Baseflow TTTseeE
Baseflow R
Time —» Time, t
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v'Baseflow: The longer-term discharge derived from the natural water
storages in the watershed, i.e., the portion of stream flow that results from
the slowly seepage of water from the ground into a river.

vIt depends on the wetness conditions of the watershed which in turn
depends on the previous rainfall events and on the capacity of the watershed

to store groundwater

Ditect runoff

ool

12345678 910111213 14151617 18 1920 21 22 23 24 25 26 27 28 29 30
Days

Flow (m/s)
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for the Western Balkans HEIs and stakeholders

Evaporation
’

Depre;swn
storage

% v Overland ™
Percolation flow

v ¥ Interflow NN
N = Stream flow

ration
g

Infiltration

Groundwater N -

Baseflow o
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v' Direct runoff (quick
flow): the stream flow
that represents the direct
response to a rainfall

event (the water that lmo"‘ziig‘;l on

reaches the river shortly
after the rainfall event
beginning)

v it includes the overland
flow (runoff), the lateral
movement of the water in
the soil profile (interflow
or subsurface flow) and

Cafundac by the
Eragmus+ Programme.
of the Eurapean Union

rainfall directly falling
onto the stream/river
surface
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THE EXCESS RAINFALL IS THE (TOTAL OR GROSS)
RAINFALL DEDUCED OF ALL THE RAINFALL LOSSES (in

terms of the rainfall-runoff process, and not in absolute terms, obviously)
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A loss is the result of the process that abstract or remove
water from the total or gross rainfall; a loss model must
account for all that processes

Precipitation

Losses ﬁ Loss Model |

Excess Precipitation

(UH model) | Response (Transform) H Runoff
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Processes responsible for the rainfall losses

Interception — during exceptional heavy precipitations, such as
those that originate floods, these losses are minor or even
unimportant

infiltration — the foremost relevant process in terms precipitation
losses
Water storage — in the surface depressions

Evaporation and evapotranspiration — under several climatic
constraints (with cold rainy seasons) also unimportant as for the flood
events

5> Runoft §
£ Soverten

i Infiltration e .
Hlj tefieration M.M.Portela (Feb/2022) - 90
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Precipitation

vapotranspiration Speed of response

of flow component

- Terrestrial phase
of the water cycle

/Depression

storage

Surface Rainfall-runoff

runoff

Q transformation

Interflow

Ground surface

Soil moisture Medium

IT

Capillary

fise Percolation Response delay
Ll between the rainfall
Slow to event and the increase
G“;‘;gg:’e' very slo of the river discharges

@ Streamflow

Rate, depth per unit time

Initial abstraction (1A) = Co-fundod by the
Erasmues Programing

accumulated loss up to time of ponding of the European Union

Constant intensity rainfail

v

Ramfall excess

Schematic
, / representation of
Infiltration / the of rainfall
Constant loss rate {f¢) losses and of the

Total rainfall V27777222072 excess rainfall for
loss rate an uniform rainfall
| Depression storage '“f'"ra"°“ Evaporation (constant
/ + interception | / intensity)
@ ]
Time
Period 1 Period 2 Period 3
¥
Time
Tp = time to ponding Ty

Time to ponding — when the land surface becomes saturated (due to the rain) and ponding

of water occurs in the form of surface runoff moving towards the river

Underground flow into
orout of the area M.M.Portela (Feb/2022) — 91 W
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> : — rainfall losses
17 9% H771Bs
L2 D% 72%%
Time Time
Time Time
774 Rainfall loss
:l Excess rainfall M.M.Portela (Feb/2022) - 93 w
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¢ index model

Excess rainfall Excess rainfall

Initial loss Initial loss

o1

pnstant loss

Rainfall intensity (mm/h)
Rainfall intensity (mm/h)
I

onstant loss

Time Time
The index ® is defined as a constant rate of abstraction such that above it the
surplus of the rainfall is considered as excess rainfall. The index integrates all
the losses that occur in the process of the runoff formation (interception, retention,
evaporation and infiltration) and can be combined or not with initial abstractions.

Strengthening of master curricula in water resources management .
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Method of W index (proportional distribution)

The proportional distribution consists in allocating the losses during the rainfall
event proportionally to the quantities of rainfall fallen in each time interval. The
increments of the effective rainfall are obtained by reducing the increments of the
global rainfall by the W%.

Excess rainfall

Rainfall intensity (mm/h)

Rainfall Lgss
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Soil Conservation Service Model for rainfall losses

Assumption: the ratio between the rainfall depth retained in the
watershed after the beginning of the surface runoff (that is, the
continuous losses) and a conceptual entity identified as the potential

maximum retention is equal to the ratio between the excess rainfall
and the potential surface runoff.

Actual retention after / SSSECCERICS

runoff begins or

continuous abstractions - L Y Potential surface
runoff

Potential maximum -
Rainfall, P

Pe (runoff)

retention after runoff
begins

Rate

Initial losses, la

Time Infiltration M.M.Portela (Feb/2022) - 96 W
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Soil Conservation Service Model for rainfall losses

Rainfall depth retained in the watershed after the beginning of the
direct runoff : Fa = continuous losses.

Potential maximum retention: S = conventional entity that aims at representing
the maximum water storage capacity in the watershed when the soil, the
depressions of the terrain and the obstacles that intercept the rain were totally
“saturated” resulting in an infiltration rate tending to =zero; under these
circumstances the intensities of the total and effective precipitation would be equal

Excess or effective rainfall: Pe

Potential surface runoff: P-la = rainfall minus the initial losses.

Actual retention after
runoff begins or Excess rainfall
continuous P
A e
abstractions =—

Potential maximum

retention after runoff
begins M.M.Portela (Feb/2022) - 97 w

Potential surface runoff

Depment o Part 630 Hydrology
Aencutre National Engineering Handboolk

Chapter 10 Estimation of Direct Runoff
from Storm Rainfall

t\\.l‘.‘l" Y //;

= National

///,""ﬁ-‘.ﬂ engineering
sjkmufqmyr’/fﬂi\ = g handbook, 2004

section 4 capitulo
10

7

I A T

Thoer, 2 pRe1
Nt Ny I p—

=SS o=

Precipitation T
vaporation
.
|

Ex

(210-VL-NEH, July 2004)
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Soil Conservation Service Model for rainfall losses

Accumulated rainfall

_ Water depth (constant intensity)
Rainfall Accumulated
runoff

P=P+1,+F,

——————————————————— === =/=~T~ accumulated
-

{la - S quando t » =
(Fa+1la)
accumulated -
potential maximum
S retention, S, when

[

'75":‘*3

Time Time

Variables and relationship of the SCS model for precipitation losses
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SCS direct runoff equation, Q = excess rainfall
equation, Pe

Potential maximum retention, S = ?

Strengthening of master curricula in water resources management -
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25400
S, potential maximum retention: S=—n 4
depends on the type of soil, its use and
coverage by means of the curve S 1000 10
number, CN. " CN

(S in mm, top, or in inches, bottom)

CN depends on the type of soil, its use, coverage and antecedent
moisture conditions.

From an hydrologic point of view, the types of soils are A (low
runoff potential and high infiltration rate — sand, ...), B. C e D (high runoff
potential and very low infiltration rate — clay, ...).

Sandy soils

- A +
Surface B Infiltration
runoff rate

Cc
+ D -

Clay soils
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Hydrologic Soil Group,
HSG

A Sand, loamy sand, or
sandy loam

B Silt loam or loam
C sSandy clay loam
D

Clay loam, silty clay
loam, sandy clay,
silty clay, or clay

Sandy soils
- A 4
Surface B o
runoff c Infiltration
rate
+ D -
Clay soils

Group A: sand, loamy sand or sandy loam. Low runoff
potential and high infiltration rates even when thoroughly
wetted. They consist chiefly of deep, well to excessively
drained sands or gravels and have a high rate of water
transmission (> 0.30 in/hr)

Group B: silt loam or loam. Moderate infiltration rate
when thoroughly wetted and consists chiefly or
moderately deep to deep, moderately well to well drained
soils with moderately fine to moderately coarse textures
(rate of water transmission 0.15 — 0.30 in/hr)

Group C: sandy clay loam. Low infiltration rates when
thoroughly wetted and consist chiefly of soils with a layer
that impedes downward movement of water and soils with
moderately fine to fine structure (rate of water
transmission 0.05 — 0.15 in/hr)

Group D: clay loam, silty clay loam, sandy clay, silty clay
or clay. They have the highest runoff potential. Very low
infiltration rates when thoroughly wetted and consist
chiefly of clay soils with a high swelling potential, soils
with a permanent high water table, soils with a claypan or
clay layer at or near the surface and shallow soils over
nearly impervious material (rate of water transmission
0.00 - 0.15in/hr)
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USDA  Urban Hydrology

for Small

United States
Department of
Watersheds
Natural

Resources

Conservation
Service

(E:on_serva_tion s P\S
Division on JALVE

Technical \T\'\ THE
Release 55 URES W cC
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Relationship among the curve number, the total rainfall and the
excess rainfall or direct runoff
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Table 2-20  Runoff curve numbers for urban areas ¥
—

Curve numbers for

Cover hydrologic soil group

Average percent
Cover type and hydrologic condition impervious area 2 A B c D

Fully developed urban areas (vegetation established)

Under design flood conditions, correction

(increase) of the values given by the tables

AS A : .
e CN VAL(\:)E\?PP\T\ON W and figures to account for wetter conditions
" T o
ND \“Gs‘;:%\‘ SO\EFP&ENCES AMC il - wet conditions
wETY o gsS® R BVERZHC W
ERL s ¥FO
N\)N\B \ p‘\_\.\E w 3% \GN
cN -cN pES
€S GWE T%%ND\T\O:;_E 107 Increase CN in order to
WE TAB\‘:J\ 0\31URE . ApPLIC ITONS decrease the rainfall
pENT UL NOT Bo coN 23 CN (I) losses and, consequently,
sno UNDE FL * CN (1) = m to increase the excess
B : rainfall and the direct
W opeu o runoff, including the peak
o Ll flood discharges
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Unit hydrograph with
duration D, UHD

A unit hydrograph (UH) is the hypothetical unit response
of a watershed (in terms of peak discharge, runoff volume and
timing) to a unit input of rainfall. It can be defined as the
hydrograph resulting from one unit (e.g., one
mm or one inch) of [éffective or excess rainfall|occurring
uniformly over the watershed at a uniform rate over a
unit period of time, D.

TWO PRIOR CONCEPTS

J ¢ Direct runoff

Excess rainfall

Strengthening of master curricula in water resources management
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Rainfall-runoff under flood conditions assessment based
on the UHD —
Flood analysis in

Unit hydrographs, k i
UHG / each single basin
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" The unit hydrograph is nothing but a mathematical
model (kernel) that transforms the excess rainfall into
direct runoff

Q
Direct runoff
hydrograph
Flood
hydrograph
i=Pit i=Pit
Excess
Total rainfall
rainfall
Excess
losses
Time Time Time Time
Total rainfall Rainfall losses and Directflow Total flow
excess rainfall hydrograph hydrograph

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders

M.M.Portela (Feb/2022) ---- 109 W

‘S B cofundedbythe [NCRRH
) SWell'M ’ s Proges
. St o

Unit rainfall “stimulus”, P, with
duration D

—_—

== = - =

UHD = “Transfer” function

HUD Lot e
1
1 T T
1
1
Time
Discharge
Watershed “answer” =
direct runoff flood
hydrograpgh
Time
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The application of the unit hydrograph theory
uses two principles (which assume that the
watershed is a linear system)

v Principle of proportionality:
the direct runoff volumes
produced by two different excess
rainfall distributions are in the
same proportion as the excess
rainfall volume. This means that
the ordinates of the UH are
directly proportional to the storm
intensity. If storm A produces a
given hydrograph and Storm B is
equal to storm A multiplied by a
factor, then the hydrograph
produced by storm B will be equal
to the hydrograph produced by
storm A multiplied by the same
factor.

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders
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v Principle of superposition:
the time distribution of the
direct runoff is independent of
the concurrent runoff from
antecedent storm events. This
implies that the direct runoff
responses can be superposed.
If storm C is the result of
adding storms A and B, the
hydrograph produced by
storm c will be equal to the
sum of the hydrographs
produced by storm A and B. time

Torcl hydrogreph

fime

utf)
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interval |rainfall (mm) interval |rainfall (mm)
0-D P1 0-D P1
D-2D P2 0 D 2D 3D 4D Time D-2D P2 0 D 2D 3D 4D Time
2D- 3D P3=0 2D-3D P3=0
3D-4D P4 3D-4D P4 Principle of proportionality
Unit hydrograph Direct runoff flood hydrograph Unit hydrograph ‘ Direct runoff flood hydrograph
Time | for 1 mm excess Time | for 1 mm excess
. . . Flood hydrograph for each rainfall block At the watershed . . . Flood hydrograph for each rainfall block At the watershed
inD rainfall with inD rainfall with
units | duration D P1 P2 P3=0 P4 outlet units | duration D P1 P2 P3=0 P4 outlet
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interval |rainfall (mm) interval |rainfall (mm)
0-D P1 0-D P1
D-2D P2 0 D 2D 3D 4D Time D-2D P2 D 2D 3D 4D Time
2D- 3D P3=0 2D-3D P3=0 L
3D-4D P4 Principle of proportionality 3D-4D P4 Principle of proportionality Principle of
‘ ‘ ‘ ‘ superposmon
Unit hydrograph Direct runoff flocﬁydrograph Unit hydrograph Direct runoff flomiydrograph ‘
Time | for 1 mm excess Time | for 1 mm excess
. . . Flood hydrograph for each rainfall block At the watershed . . . Flood hydrograph for each rainfall block At the watershed
inD rainfall with inD rainfall with
units | duration D P1 P2 P3=0 P4 outlet units | duration D P1 P2 P3=0 P4 outlet
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5 u5 P1 u5 P2 ud 0 P4 u2 5 u5 P1 uS P2 u4 0 P4 u2 | P1 u5+P2 u4d+P4 u2
6 0 0 P2 u5 0 P4 u3 6 0 0 P2 u5 0 P4 u3 P2 u5+P4 u3
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For a given watershed the unit
hydrograph can be obtained by:

%Direct approaches, based on

Cofundac by the

Erasmus+ Programm
of the European Union

observed flood hydrographs and 35
rainfall hyetographs.

Only applicable if the river section
where the unit hydrograph is
required coincides with a stream
gauging station (which seldom
happens!)

28 A

Q{>Indirect approaches, based on
synthetic unit hydrographs,
without requiring discharge data, but,

Observed Observed
discharge (m?/s) rainfall (mm)
25
+2.0
15
+1.0
+05
| . : 0.0
0 10 20 30 40
Time (h)

instead, physiographic characteristics
of the watersheds where flood
analysis will be carried out.
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Different types of synthetic unit hydrographs

N Empirical relationships, relating physiographic
characteristics of the watershed (usually, measurable
based on topographic maps) with geometric
properties of the unit hydrographs like the base time,
the peak flood discharge or even the shape (Snyder
Unit Hydrograph)

hydrographs  (Soil
Conservation Service Unit Hydrograph)

% Dimensionless  unit

¢, Storage models aiming at representing the water
storage in the watershed (Clark Instantaneous
Synthetic Unit Hydrograph)

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders
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Soil Conservation Service

Synthetic Unit Hydrograph, SCS

t/tp | q/qp | t/tp | q/qp
0.0 | 0.000] 1.7 | 0.460

0.1 | 0.030| 1.8 | 0.390
0.2 | 0.100| 1.9 | 0.330

0.3 0.190 2.0 | 0.280
0.4 | 0.310 2.2 | 0.207
0.5 0.470 2.4 | 0.147

0.6 0.660 2.6 0.107
0.7 0.820 2.7 0.097

0.8 0.930 2.8 | 0.077

0.9 0.990 3.0 | 0.055

»

Tpeak

1.0 1.000 3.2 | 0.040
1.1 0.990 3.4 | 0.029
1.2 0.930 3.6 | 0.021
1.3 0.860 3.8 | 0.015
14 | 0.780| 4.0 | 0.011
1.5 0.680| 4.5 | 0.005
1.6 0.560 5.0 | 0.000

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders

tlag =0,6 tc

For P=1 mm

D
tp =— +1tla
p 5 g
0,2083 A
p=—"—"7—
tp

M.M.Portela (Feb/2022) --- 123 W

SCS Dimensionless UHG & Triangular Representation
Brcess SCS SUH
Precipitation

Tag

—s—Flow ratios
—— Cum. Mass|
—— Triangular

v tlag - lag time: difference
between the instant of the
mass center of the excess

H

g // / (B rainfall hyetograph and the

. * instant of the peak flow
/7 / \\ discharge

// \ v tc - time of concentration:
, time needed for the water to
P S * i flow from the most remote

point (from a kinematic point

of view) in a watershed to its
tlag = 0,6 tc outlet)

v tp - time to peak: time of

occurrence of the peak flood
discharge of the SUH
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IDl SCS Dimensionless UHG & Triangular Representation

7 o] Data required to define the
SCS Synthetic Unit

X / Hydrograph: watershed
o area, A; time of
concentration, tc

/apeak
|
B

tlag=0,6 tc

D
tp =— +tla
P 5 9

» TTpeak

0,2083 A (m?)
For the excess rainfall of P=1 mm 9P (m°/s) =W
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Based on the SCS SUH or
on any other type of UHD

Tempo

—
[
L
L__ 7~ ]
I
ampo
‘
7 W]
empo
rredicacio
I ﬂ ,,,,,,,
Tompo

. o-fundec e N
N)SWarm .~ s
\—/

Approaches to estimate peak flood discharges or/and
floods hydrographs

> Statistical methods

Peak flood
discharges

|

» Empirical formulas

» Regionalization models /
» Unit hydrograph model Peak flood

\ discharges and
> Flood routing models

— flood
hydrographs

HEC-HMS PROGRAM
(brief presentation)

Strengthening of master curricula in water resources management
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Hydrologic Modeling
System

Yersion: 4.9 %

HEGE=HM %35
Hydrologic Engineering Center

Strengthening of master curricula in water resources management
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— " H E C H M S = US Army Corps of Engineers Hydrologic Engineering Center
-
HOME> SOFTVIARE » HECHIS > D ADS

Hydrologic Engineering Center — Hydrologic Modeling System e HEC.HMS has been developed forthe UL, Army Corps of Engineers. However, sofware developed o the Hydralogic

Engineering Center is made available to the public whenever appropriate. Use is not restricted and individuals outside of the

‘n"n"n' h m m-l Corps of Engineers may use the program without charge. HEC will not provide user assistance or support for this software to
( . ec'usace'ar y. I ) HEC-HMS non-Corps users. Downloading this software indicates full acceptance of your responsibility in the use of this program. Please
see the distriburion nolicv for more details.

: £ > HEC-HMS Features m

HEC-HMS i Downloads
NPT Y ] ey UsEEO™ The Windows setup package contains HEC-HMIS 4.9. After starting the program, Documentation and Sample projects are

HEC-HMS e [ G o ek Documentation available from the Help menu. HEC-HMS 4.9 has been tested on Windows 10 64-Bit.
Features S0 - Current Version (Primary Download Site):
F— EDEL‘TM Training & Download HEC-HMS 4.9 for Windows (199 MB) [Release Notes]

B & Download HEC-HMS 4.9 Portable Version (238 MB) [Release Notes]
Documentation gy 550 Known Issues

e Current Version (Alternate Download Site):
Training B v Bug Report & Download HEC-HMS 4.9 for Windows (199 MB) [Release Notes]
Rnownibsues :::: ::_“‘ = & Download HEC-HMS 4.9 Portable Version (238 MB) [Release Notes]

Suggestions

Bua Report ""?;:w.::"” > Archived Versions:

Suggestions. Email List

B Grah o unction Fasa”
Email List v Junction Farac Resuls for Run *an_1997" Support Policy

The disk image contains HEC-HMS 4.9, After starting the program, Documentation and Sample projects are available from
the Help menu

a
Support Policy E 14000

HEC-HMS 4.9 has been tested on macOS Mojave, Catalina, and Big Sur. Install HEC-HMS by dragging the app to the
Application folder.

HEC-HMS

We do not currently use an Apple Developer account to digitally sign the application. See instructions here for running the

4 9 Cad il ; application.
" 271z zlalal 1 1213 4 TsTal7 Ta T liolulrlalnel N
Cews | P Current Version:
e & Download HEC-HMS 4.9 (168 MB) [Release Notes]
o 9 Bt o ST ek Ot > Archived Versions:
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HEC-HMS Documentation HECHome  Downloads

US Army Corps.
of Engincer:
Hydrolegic Engineering Center

Hydrologic Modeling System
HEC-HMS

RS HEC-HMS Users Manual RS HEC-HMS Tutorials and RS HEC-HMS Technical
m m Guides m Reference Manual
HEC-HMS User's Manual
RS- HEC-HMS Applications RS2 HEC-HMS Validation RS54 HEC-HMS Training Version 4.9
m Giie m e m Exported on 10/05/2021

Technical Reference Manual

March 2000

HEC-HMS DOCUMENTATION -

Agproved for Publc Releass - Dishibation Unirnted CPD74B

HEC-HMS Technical Reference Manual

UNDER CONSTRUCTION
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Precipitation

Evapo

Land
surface

infiltration

Groundwater
aquifer
Y

baseflow

Figure 2.
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overland flow
& interflow

of the European Union

(extracted from HEC-HMS
Reference Manual)

Water body

v

Watershed
discharge

Typical representation of watershed runoff.
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Models implemented in the initial losses

HEC-HMS program: rainfall
losses (extracted from the HEC-
HMS Reference Manual)

Co-fundad by the
Erasmus+ Programme
of the European Union

Rainfall
intensity

Excess rainfall

Continuous losses

Time

Model

Categorization

Initial and constant-rate

event, lumped, empirical, fitted parameter

SCS curve number (CN)

event, lumped, empirical, fitted parameter

Gridded SCS CN

event, distributed, empirical, fitted parameter

Green and Ampt

event, distributed, empirical, fitted parameter

Deficit and constant rate

continuous, lumped, empirical, fitted parameter

Soil moisture accounting (SMA)
Gridded SMA

continuous, lumped, empirical, fitted parameter
continuous, distributed, empirical, fitted

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders
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Models implemented in the HEC-HMS
program: transformation of the
excess rainfall into direct runoff

under flood conditions (extracted from

the HEC-HMS Reference Manual)

Erasmus+ Programme I
e Eureposn Union

nless UHG & Triangular Representation

Qogesk

Model

Categorization

User-specified unit hydrograph (UH)

event, lumped, empirical, fitted parameter

Clark's UH

event, lumped, empirical, fitted parameter

Snyder's UH event, lumped, empirical, fitted parameter
| scsuUH | event, lumped, empirical, fitted parameter
ModClark event, distributed, empirical, fitted parameter

Kinematic wave

event, lumped, conceptual, measured parameter

User-specified unit hydrograph (UH)

event, lumped, empirical, fitted parameter

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders
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Models implemented in the HEC-HMS

program: baseflow

(extracted from the HEC-HMS Reference

Manual)

Co-fundad by the
Erasmuc+ Programme
Union

Q)
A

Baseflow

4

Time, t

Model

Categorization

Constant monthly

event, lumped, empirical, fitted parameter

Exponential recession

event, lumped, empirical, fitted parameter

Linear reservoir

event, lumped, empirical, fitted parameter

No baseflow — acceptable assumption under design flood analysis

Strengthening of master curricula in water resources management
for the Western Balkans HEIs and stakeholders
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Caudal erirado’a

Models implemented in the HEC-HMS ‘ v'In each time step, the program considers that the rainfall is uniform

program: flood routing (propagation) over the watershed — lumped model
(extracted from the HEC-HMS Reference Manual)

\/The program requires the previous establishment of the design
- rainfall which is part of the data

Model Categorization v The precipitation losses occur only in permeable areas; in the

Kinematic wave event, lumped, conceptual, measured parameter impervious areas all the rainfall becomes excess rainfall and,
Lag event, lumped, empirical, fitted parameter consequently, direct runoff ... to address this issue the program
Modified Puls event, lumped, empirical, fitted parameter requires the specification of the percentage of impervious areas
Muskingum event, lumped, empirical, fitted parameter
Muskingum-Cunge Standard Section event, lumped, guasi-conceptual, measured Rainfall

parameter I I l Jl
Muskingum-Cunge 8-point Section event, lumped, guasi-conceptual, measured )

= » o)
Confluence continuous, conceptual, measured

parameter ﬂ ﬂ
Bifurcation continuous, conceptual, measured Infiltration

Strengthening of master curricula in water resources management Strengthening of master curricula in water resources management =
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SCS TR-55 Table 2-2a — Runoff curve numbers for urban areas’ Codundac by the -
T Main steps of the HEC-HMS application
soil group

Covr et by cntion | Avemgereren. A @ C D Cn tables Start th
impervious area® SCS TR-55 Table 2-2b — Runoff curve numbers for cultivated agricultural lands' 0) a r e ro ra m
Fully developed urban areas Cover description Curve nuabers for hydrologic (extracted from the p g
:)‘s.),; space (lawns. parks. golf courses, cemeteries. soil group HEC-HMS
Poor condition (grass cover ) 68 Cover type Treatment® Hydrologic condition’ A B c L S I e i i R e T T e i T e
i s o 0 75 o — . —————— | Reference Manual) . . . )
o conditon erasscorer - 75%) Coop v cover poce % s ow = 1 ) Create the basin model (it is not a representation of the basin
‘Paved parking lots, roofs, driveways, etc. (CR) oot o s L . . .
oo ronte * ... it is an interface where the physical components to be considered as
Paved; curbs and storm sewers (excluding Row crops Straight row (SR) Poor 72 81 88 9l .
right-of-way)
5 Good g m o5 ow well as the models that should be applied to each component and the
Paved: open ditches (including right-of-way) 83 SR+CR g:; ;: ?2 iz ;g‘ . . e
Grave acoding ight ofvay) 7 Contured (©) oot B om corresponding parameters are identified)
Dirt (including right-of-way) 2 C+CR :: :; ;é i; S
Western desert urban areas: Good & 14 81 8
Natusal desertLandscaping (pervious areas tmly)' 63 Contoured & terraced o & 4 m & 0 1 1 2 - .
i e otp et v At N ‘ =1 Or 1-2 Introduce the temporal/time data and paired
or gravel mulch and basia borders) % C&T+CR :Zf 2; ;; ;i §:
Urban districts: . . . . .
L;ﬂm'g,;mms 5 » oont o data (precipitation, discharge, ..., rating curve, storage-elevation curve...)
fustrial 2 mal in 001 S 4
Reppei — - Good e wowow | N e e e e e e e — e ——— = - [
H SCS TR-55 Table 2-2c - Runoff curve numbers for other agricultural lands® o oo 2 N . . -
: Cover description’ Curve numbers for hydrologic SCS TR-55 Table 2-2d — Runoff curve numbers for arid and semiarid mugeland;‘ ) C reate t h e m eteo ro I og I c/p rec I p I tat I o n m ° d e I
- ) . .
2 e FER— [ — (how the rainfall data is going to be “handled”)
Davd Cover type and hydrologic condition Hydrologic condition A B c D soil group
New Cover type. Hydrelog!g A’ B c D
ldT: Pafstum %l:ssland or range — continuous l;om 465 g gg gj condition® . .
orage o sreving e _—
[ A A A e w2 3) Create the control specifications (definition of the
adow — . red fic - H H H H
e and gesealy e by womomn koot o it o b, B 6w o computation time interval and time step)
|| T e st e $ n e
Brush — brush-weed mixture with brush Poor 48 67 77 83 and other brushy Good oo
the major element” Fair 33 56 70 77 Piayon-jusiper - pinyon. juniper, o botlx Poor 58w
Good 300 48 65 73 ‘grass understory. Fair 8 73 80 4
U oo , ) Execute/run the program (without or with
Woods g Peor 7omomous P — o g ow o .
Good 2 s oo oot ER - parameters optimization)
Woods.® Poor 45 66 77 83 Desert thbd— major vl‘:n; n‘l’c]:w:eh:‘:hbr‘\;sh Poor ? 71 is 88
Jair, w0 BB i verd. g, o Good B s w
Strengthening of master curricula in water resources management
szskcadsf:l\:ldlmgs, lanes. driveways. - 59 74 82 86 W.M.Portela (Feb/2022) 139 W for the Western Balkans HEIs and stakeholders o
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application

... it is an interface where the physical components to be considered as
well as the models that should be applied to each component and the
corresponding parameters are identified)

0-1 or 1-2 Introduce the temporal/time data and paired

data (precipitation, discharge, ..., rating curve, storage-elevation curve...) )

2) Create the meteorologic/precipitation model
(how the rainfall data is going to be “handled”) ‘

3) Create the control specifications (definition of the
computation time interval and time step) ‘

4) Execute/run the program (without
parameters optimization)

Strengthening of master curricula in water resou,.. ~—~=nagement
for the Western Balkans HEIs and stakeholders

Strengthening of master curricula in water resol w

for the Western Balkans HEIs and stakeholders

N ' Cafundac by the (NG
) SWell'M ; Crmus- roaronine [REHE
. of the Eurapsan Union RS

Example

Apply the HEC-HMS program to the flood analysis in a watershed with
an area of 100 km?2 and a time of concentration of 2 h. The average
intensity of 50-year design excess rainfall is 38 mm/h. Neglect the
rainfall losses and consider the application of the SCS HUS

Strengthening of master curricula in water resources management
for the Western Balkans HEIls and stakeholders M:M.Portela (Febi2022) -~ 143

Example

B HEC-HMS 4.8

File Edit View Ceomponents GIS Parameters Compute Results Tools Help

[m]

x

0= B & én b B P & P L 4 | NoneSclected-
~one Selected— - B EEG @@@
~Mone Selectzd— v “Mar i mED»=e
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Tools/”’setting” option for verification of the

program settings (defualt setting and units

system)

No TOOLS/’settings” averiguar as configuragdes

Example

CREATE A NEW PROJECT

CRIACAO DE UM NOVO PROJETO

M.M.Portela (Feb/2022) - 145 Ksworm_~ w m

M.M.Portela (Feb/2022) - 146 Kswarm _~ W “

Example— creating the project

B HEC-HMS 4.2 - ] x

File Edit View Components GIS Parameters Compute Results Tools Help

Skl o o b B P & P L 4 [HoneSclecied— ©
IsBEEe H58
- “W«Aadrimbhi»e

Open... \, Ctrl+O
Import >

Export >

Save Ctrl+5
Save As...
Delete... Ctrl+D

Rename...

Print...

Exit
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Example— creating the project

B HEC-HMS 428 - ] X

File Edit View Components GIS Parameters Compute Results Tools Help

D=sB & Uk b B F & P L [Slosesdecein U
| -None elected— IsBEES 58
 ~Hlone Selectec- v “Wwar

B Create a New Project

Mame:|Exercise 1 y 4 |
Description: ,! =
Location: C:\Jsers\Manuela Portela\Dropbox\MPRH\MPRH_2021 =
Default Unit System: Metric -

Confirm

|
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Example— creatingthe project

. HEC-HMS 4.8 [C\Users\Manuela Portela\Dropbox MPRHYMPRH_20214Exercise_1\Exercise_1.hms] - O X

File Edit View Components GIS Parameters Compute Results Tools Help

Qe b W F & T G+ [Henesdeciei 0]

sBEEG 888

Wwarnmpmm»s

Components Computs  Results

Project

Mame: Exercise 1
Description:
Qutput D55 File: |C:\sers\Manuela Po

Example— creating the basin model

CREATE THE BASIN MODEL

It is not the representation of the watershed ... Is it only the
way to define the physical components that should be
accounted for (river basins, river stretches, reservoirs),
models and parameters of the models applicable to each
component (models for precipitation losses, for
transformation of the excess precipitation into hydrographs
of flood, for flood propagation, etc.)

G & @ P & P

< > [T : AT Al
v
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Example— creating the basin model Example— creating the basin model

. HEC-HMS 4.8 [C:\Users\Manuela Portelat Dropbox\ MPRH\MPRH_2021"Exercise_1'Exercise_1.hms] = [m] x . HEC-HMS 4.8 [C:\Users\Manuela Portela\Dropbox\MPRH\MPRH_2021\Exercise_1\Exercise_1.hms] = O x
File Edit View.( .;GIS Parameters Compute Results Tools Help File Edit WView [ .;GIS Parameters Compute Results Tools Help
D@ m| CeteComponen & + [SeneSced=] D@ @ CreeComponen TP+ s
i [“vone sdlecied Basin Model Manager B &8 & § TNone Sdeced Basin Model Manager & 88
i Meteorologic Model M: i Meteorologic Model M P s "
* ~None Selected Wwarimp»e . ~Hone Selected L » o
= Control Specifications Manager - Control Specifications Manager Basin Model...

| | Exerdse 1

Components Compute  Results

DEREBR®S®

Time-Series Data Manager
Paired Data Manager
Grid Data Manager

Terrain Data Manager v Basin Model

Metecrologic Model...

Control Specifications...

Time-Series Data...

Paired Data...

Project

Hame: Exercise 1

Description:

Output D55 File: | C:\Users\Manuela Po

<

Grid Data...

Terrain Data...

Y
v

M.M.Portela (Feb/2022) ~-- 151 w w n

Components  Compute  Results

Time-Series Data Mar I
ime-Series i o Meteorologic Model...

Paired Data Manager

G Dot Manages Control Specifications...

HDEREBRSS®

Terrain Data Manag Time-5eries Data...

Paired Data...
Grid Data...

Terrain Data...

Create A New Basin Model

Project

Hame: Exercise 1
Description:

Qutput DS5 File: |C:\WsersiManuela Po

€

Name:|Basin_exerc_1

M.M.Portela (Feb/2022) - 152 w W “




Example— creating the basin model

File Edit View Components GIS Parameters

Compute

. HEC-HMS 4.8 [C\Users\Manuela Portela\ Dropbox\MPRH\WMPRH_2021"Exercise_1\Exercise_T.hms] — m} *

Results

Tools Help

1 Exerdise 1
- | Basin Models
.- §&) Basin_exerc_1

Components Cempute  Results

D= A& Qg i B F & P i 4 Henesaeaany|
* ~tione seected— e BEESG 588
/[ ~None Selected— ® War nmEpme

Organization in folders

Example— creating the basin model

B2 HEC-HMS 4.8 [CAUsers\Manuela Portela\Dropbox\MPRH\MPRH_2021\Exercise_1Exercise_1.hms] - O x

File Edit View Components GIS Parameters Compute Results Tools Help

D @S [

QA s s ) P & P E 4 [Henesieast |

|, Exerdise 1

| Basin Models

Components  Compute  Results

e BEEE 568
“Wwariuimpms

Double click to “activate”

the menu for the models
and parameters

File Edit View Components GIS Parameters Compute

Results

Tools Help

Select each component of the
system; click in the “drawing”
area and name the component.
Its symbolic representation will
appear in the “drawing” area

Components Compute Results

£&) Basin Model
~
Name: Basin_exel
Description:
Unit System: | Metric

De B8 f aéwade Py + o
: Vi .
- | ~Mone Selected-- J - BEES S8

\

WAD> Il EDIP»S

& Create A New Subbasin Element X

Name: 81

Desaription:|

FOTEE CTOPDUR TIPRTFIFRA_Z0Z TERENUSE T a0 UME ZIAT 20T, T 950 T,

<>

M.M.Portela (Feb/2022) - 155 \‘iv:rM/ w “

File Edit View Components GIS Parameters Compute Resuks Tools Help

Project 475 Basin Model
_ "
Name: Exercise 1 Name: Basin_exel
Description: Description:
Qutput D55 File: | C:\sers\Manuela Po Unit System: | Metric

- v

G B = Tk e > FUMEE DrUpOUK PIFRITMPRMA_ZUZ [EXETUSE_T gL UME ZIAPTZUZL, [NF¥TUL s

bl
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Example— creating the basin model Example— creating the basin model
“ HEC-HMS 4.8 [C:\Users\Manuela Partela\Drophax MPRH\MPRH_2021\Exercise_1\Exercise_1.hms] — m] W B& HEC-HMS 4.8 [C:\Users\Manuela Portela\Dropbox\MPRH\MPRH_202T\Exercise_1\Exercise_1.hms] - [m] X

Des@Es

A Cd e E S Pl et

ieBEES  H65

Components Compute  Resuits

“WwarimEpps

[% Basin Model Basmexercl =& ==

&%) Basin Model

Description:
Unit System:

Name: Basin_exerc_1

Sediment:

Replace Missing:
Local Flow:
Unregulated Cutputs:
Flow Ratios:

Terrain Data:

Metric
No | =

NOTE 10008: Begin opening project Exercise 1”in diectory "C:\Jsers\Manuela
No | Partela\Dropbox\MPRHWPRH_202 1 \Exercise_L" at time 21Apr2021, 15:45:01,

- |NOTE 10019: Finished opening project "Exerdise 1" in directory "C:\Users\Manuela

Portelz\Dropbox MPRH\MPRH_2021\Exercise_1" at time 21Apr2021, 15:45:01.
No
No
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Example —creating the basin model

Components of the basin model — for each component, the applicable
models and parameters are specified in the basin model

¢ F

data

€ &

e Subbasins — subbasins/watersheds

River reaches - connects elements together and contains flood routing

* Junctions - connection point between elements

Reservoirs with outflow control structures - stores runoff and releases

runoff at a specified rate (storage-discharge relation)

accumulation point)

«1 ¥

4@-

e Sinks - singular point with an inflow and without outflow (inflow

* Sources - singular point with only outflow and no inflow

Diversions - diverts a specified amount of runoff to an element based
on a rating curve - used for detention storage elements or overflows
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Example— creating the basin model

File Edit View Components GIS Parameters Compute Results Tools

& HEC-HMS 4.8 [C:\Users\Manuela Portels\Dropbox\MPRH\MPRH_2021\Exercise_1'Exercise_1.hms] — ] X

Help

~None Selected—

~None Selected— ~

DS BE % Qs & & B & P g + Fowscei
VeBEEE S8 5
Wadr i EbHs

Exercise 1
[=- || Basin Models

£+ Basin Model [Basin_exerc_1]

o |&-

(=15 Basin_exerc_1

! .g_,.m N / When expanding the folder
I Mo Canopy the models that can be
Q‘:WS;:;ECWM applieg (because they were
5 Cirk Unit Hychoaraph previously selected or
Fig eceon because they are the default

models) appear

C Compute Results

(%4 Subbasin Loss Transform  Baseflow  Options

Basin Name: Basin_exerc_1
Element Name: B1
Description:

Downstream: | —None—

Latitude Degrees:
Latitude Minutes:
Latitude Seconds:
Longitude Degrees:

Longitude Minutes: v
< >

n NOTE 10008: Begin opening project "Exercise 1”in dectory "C:\Users\Manuela
Area (KM2) Portela\Dropbox\MPRHWPRH_2021\Exercise_1” at time 21Apr2021, 15:45:01.

NOTE 10019: Finished opening project "Exercise 17in directory "C:WUsers\Manuela

PortelalDropbox MPRHIMPRH_2021\Exercise_1" at time 21Apr2021, 15:45:01.
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For each component, the
user must identify the
applicable models, their
parameters and respective
values

Compaonents |Cnmpute Fesults

Example— creating the basin model

58 HEC-HMS 4.3 [C:\Users\Manuela Portela\Dropbox\MPRH\MPRH_2021\xercise_T\Exercise.1.hms] - o x

[Fie Edt View Components GIS Parsmeter: Compute Results Tools Help

DSBS Qs & &P P& + [ Honesdeia

~None Selected— VsBEEE S£588

None Seected— < Wwarnmpms

Exercse 1 7 Basin Model (Basin_everc_1] o[ =
| Basinodes

I Mo Discretzation

B Mo Canopy

o Surfece

5 il and Constent
9 Cark Unit Hydrograph
T Recession

Components | Compute Resuts

(& Subbasn Loss Transform Basefiow Options

Lattude Degrees:
Latitude Minutes:

1, 15:45:01.

% Subbasin | Loss || Transfar

Latiude Seconds:
Longtucde Degrees:
Longitude Minutes: v

Basin Mame: Modelo
Element Mame: Bacia de montante

Description: | | E
Downistrean: e
*hrea (KMZ) | |
Loss Method: | Initial and Constant v
Transform Method: | Clark Unit Hydrograph w
Baseflow Method: |Recession “

o )
o

M.M.Portela (Feb/2022) - 159

Compaonents |Compute Resuls

L%;.SUbbaSiﬂ|Loss Transform | Baseflow || Options

Basin Name: Modelo de bacia
Element Name: Bacia de montante

Description: | / | @
Dowinstream: / e
*Area (KIv2) | / |
Loss Method: |Initial and Constant 8 v
Transform Method: | Clark Unit Hydrograpv R
Baseflow Method: | Recession / >

Rainfall losses models

/

--Mone-- ~
Deficit and Constant
Exponential

Green and Ampt
iaridded Deficit Constant
iaridded 35 Curve Mumber

iaridded Soil Moiskure Accounting
Initial and Constant "

~ N

--Mone--

Clark, Unit Hydrograph
Kinematic Wawve
ModClark,
S5 Unit Hydrograph
anyder Lnik Hydrograph
|Jser-Specified 5-Graph
ed Lnit
Clark Unit Hwdrograph

Excess rainfall-direct
runoff transformation
models

Baseflow models

-Maone--

ounded Recession
onstant Monthly
inear Reservair
onlinear Boussinesq

M.M.Portela (Feb/2022) - 160 Dswarm, ~ w “




Example— creating the basin model

Each model to be applied must be identified and the

values of its parameters specified

Companents

{54 Subbasin | Loss || Transtorm || BaseFlow || Options|

Basin Name: Modelo de bacia
Element Name: Bacia de montante

Descripkion: | | E
Downstreann: ;'
*Area (KM2) | |
Loss Method: | Initial and Constant -
Transform Method: | Clark Unit Hydrograph W
Baseflow Method: | Recession v
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Example —creating the basin model

Specifically for exemple 1 ... No caso do exercicio 1 ...

24 Subbasin | Transfarm | Options |

Basin Mame: Modelo de bacia
Element Name: Bacia de montante

Descripkion:

Downstrean:

*area (kKMz2) |

Loss Method:
Transfarm Method:
Baseflow Method:

/|

SCS Unit Hydrograph

--Mone--

b’
/"
7~ v

d

Basin Name:
Element Name:
Graph Type:

*Lag Time (MIN)

Modelo de bacia
Bacia de montante

B

M.M.Portela (Feb/2022) - 162

In example 1, without
losses, because we are
considering already the
excess rainfall, and

W without baseflow

2~

SCS HUS with only one
parameter: tlag=0.6 tc

Kswarm _~ w m
e

Example —creating the data basis

DEFINITION OF THE DATE - TIME SERIES AND

PAIRED DATA

There are two types of data
v' Time data — hydrological time series — such as rainfall or
discharge data and
v' Paired data such as rating curves, volumes storage in the

reservoir

M.M.Portela (Feb/2022) - 163 ‘& SWori = w n

B HEC-HMS -

o=
f) Exerciciol |
=) Biasin Moy

S Parameters  Compl
Basin Model Manager
Meteorologic Model Manager

Control Specifications Manager

s Data Manager

Paired Data Manager
Grid Data Manager

- omponents |.Qﬂ'?”_te_ii Results |

243 Subbasin | Transfarm | opuions |

Basin Name: Modelo de bacia
Element Name: Bacia de montante

Graph Type: |Standard

*Lag Time {MIN) |72

ute Resulks Tools Help

VF SN LK
| i Basin Model [Modelo de bacia]

Example— creating the data basis

Time-Series Data Manager

Data Type: |Precipitati0n Gages w

Current kime-series data

2

2
v

Copy. ..

Rename. ..

Delete

Create A New Precipitation Gage

I
Hame _Pnsm 1 -

Description ] | E
Create Cancel




Example —creating the data basis

B

EC-HMS

File Edit View Components Parameters Compute Results  Tools  Help

D E&S '+ bvdPFer T8 s BEDE
19 Exerciciol . Basin Model [Modelo de bacia]
-3 Basin Models

{28 Madelo de bacia »~
S Bacia de monkante

00, 00:00 - 0Z2Janz2000, 00:00

= B1
Components ‘ Compute | Resuls |
[ES Time-Series Gage |
~
Name: Posto 1 i
Description: Iy 3
Data Source: | Manual Entry - < >

eimeremmeriebijiineters v
TimglInterval: | 15 Minutes
Latitude Degrees:

' To choose the time step of the rainfall data,
i.e., the duration of each rainfall block

Latitude Minutes:

Latitude Seconds:

| nnnitn e Denrees:
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Example— creating the data basis

File Edit WYiew Components Parameters Compute Results Tools Help

IS T ¢ savuaFerPy yBEED
l[& Exercicior # Basin Model [Modelo de bacia] =3
(=13 Basin Models

=+ &4 Modelo de badia
: (44 Bacia de mantante
=) Time-Series Data
= E} Precipitation Gages
s

81

1 To define the initial and the
final computation time

To select table and to

2 introduce the hyetograph.
. - [ B . the time diagram of the
ST rainfall event

\ [1% Time-Series Gage| Time Windo | Table |fGraph |
Name: Posto 1 [ Time-Series Gage | Time Window | Table | Graph|
*Start Date (ddMMMYYYY) 01Janz000 Time {(ddMMM¥'Y, HH:mm) Precipitation (MM}
*Start Time (HH:mm) |00:00 < CATerEt £, ERIED
01Jan2000, 0Z:00 7
#End Date (ddMMMYYYY) | 091anz000
*End Time (HH:mm) 02:00
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Example —creating the meteorologic model

DEFINITION OF THE METEOROLOGIC MODEL

The meteorologic model identifies which data should be
considered and how the data should be combined (eg.:

which rain gages are going to be applied to each
subbasin and their weights)

M.M.Portela (Feb/2022) - 167 & SWeri = w n

ple—creatingthe

File Edit View Parameters Compute

Results  Tools  Help
FPrIYIY sBEEE
) Exerciciol

Cantrol Specifications Manager ¥ Basin Model [Modelo de bacia]
8 E:' Basin Mods Time-5Series Data Manager
-8 Modele

: = | Basin Model Manager
D= & e

& B Paired Diata Manager
=0 Time-Serie: @rid Diata Manager

=123 Precipitation Gages Meterologic Model Manager,

Current meterologic models
Copy...
&, 81
e Renane. .
Delete
Comperents | Compute | Results|
£ Time-Series Gage | Time Wlndowl Table | Graph|
Time: (ddMMMYYYY, HH:mm) | Precipitation (MM) ||
01Jan2000, 00:00
£ -
01Janz000, 02:00 = L
Name :| Modelo meteorologico
Description : | =

3 =

o 168 Dswerm _~ w “
e




File Edit

(3 Exerciciol
=3 Basin Models

(=43 Meteorologic

]

Yiew Components

E}-@ Modelo de bacia
1S Bacia de montante

= @ Time-Series Data
(=23 Precipitation Gages
=B Posto 1
*-[Ifg 01Janz000, 00:00 - 01Jan21

Parameters Compute  Results  Tools  Help

I EHS N+ e buTFrPy sBEES

%% Basin Model [Modelo de bacia]

Example~ creatingthe meteorologic model

IModels

& Metearalogy Model |

=

Basins | Options

Biasin Model

Met Name: Modelo meteorologico

2 Include Subbasins I |

Modelo de bacia

(=1

Companents | Compute | ReSLy

&5 Meteorolagy Mo

Met Name:
Description:
Precipitation:
Ewapotranspiration:
snowmelt:

Unik Syskerm:

1 Optiuns:

del |‘Eas|n

Modelo meteorologico

--hone--

--Mone-- \ ]

Ietric N

ﬂ?

<<

odelo n
[E Precipitation Gages
-1y Bacia de montante

B HEC HMS

Fil= Edit View Components Parameters Compute Resulks

DsEHS M ¢a &P

b Exetciciol

B@ Basin Models

B &5 Modelo de bacia

i 18 Bacia de montante
BE} Metearologic Madels

= & Modelo meteorologico

; E% Precipitation Gages

B@ TIfE-Series Date
=3 E} Precipitation Gages
= Bﬁ Posta 1

Tools

Help
TE I NEEES

%2 Basin Model [Modelo de bacia]

ple— creatingthe

Gaage Selections

Element Name: Bacia de montante

(3age Mame

age weights |

Depth Weight Time Weight

2 1 | 1

<[ 011an2000, 000 - 011an2000, 0200

Components | __Com_l_:gutyResult_S_ I

= -
Gage Selections | Gage Weights |

Element Name: Bacia de montante

3age Mame |

Use Gage |_||

Posto 1 I

1 | = |

... fundamental issue: the
program weights the

precipitations but also their
hyetographs

B

|
| £

1

B HEC-HMS 4.8 [C:\Users\Manuelz Portelz\Dropbox\MPRH\MPRH_2021" Exercise_1\Exercise_1.hms]

File Edit View Components GIS Parameters Compute Results Tools Help

DS B & (% Qé & F & D E ook

—one Selected— ~

Exercise 1
Basin Models

[ £8) Basin_exerc_1
=] 1

No Discretization
No Canopy
Mo Surface
Mo Loss
5C5 Unit Hydrograph
No Baseflow
Metearologic Models
g ]
*- ¢ Specified Hyetograph
Control Specifications
Ex1
Time-Series Data
|| Precpitation Gages
- [y Gagel

013202000, 00:00 - 011Jan2000, 02:00

Components Compute Results

Run: Run 1

Wwdadrimprs

v i B

£ Basin Model [Basin_exerc_1] Current Run [Run 1]

[Eo

&% Meteorology Model Basins Options

Met Name: Met 1
Description:

Unit System: | Metric
Shortwave: | —Nane—

Longwave: |—Nane—

Precipitation: | Specified Hyetograph

Evapotranspiration: | —None—
Snowmelt: | —None—

Replace Missing: | SetTo Default

IMPORTANT - IN THE
METEOROLOGIC MODEL, IN

THE REPLACE MISSING - SET

TO DEFAULT
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o

Exampl reatingt| trol

DEFINITION OF THE CONTROL SPECIFICATIONS

Definition of the computaion time interval and of

the time step
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File

O &

&_} Exerciciol
BE} Basin Mode
=) Modeld
&4 Ban

Meteorologic

.09 Metegrolng Gtid Data Manager

Edit  View R EEN Parameters  Compute  Results

Basin Model Manager

Time-5eries Data Manager
Paired Data Manager

ple— creating the c |

) &

Model Manager

1

Create A New Control Specifications

Mame :| Especifica cantrol

Copy..
Rename. ..

Delete

Description :|

Components | Compute | Resulks|

|2

Control Speciications |

Mame: Especifica cantrol

Create Cancel

Description:

=] rb Exerciciol

*Start Date (ddMMMYYYY) 013302000

(=3 Basin Models
(=& Modelo de bacia

*Start Time (HH:mm) [00:00

*End Date (ddMMMYYYY) |D2jan2000

=3 Meteorclogic Models

*End Time (HH:mm} |00:00

Time Inkery.

4 =123 Control Specifications

53 Time:

= Posto 1

=4 Modelo meteorologico

[E Precipitation Gages always being updated

14 Baria de maontante
-0 Gage Weights

(=23 Precipitation Gages

-2 013an2000, 00:00 - 0L1an2000, 02:00

The folders’ tree is

Sswarm_~ w m
|

Example~- running the program

CREATING A RUN

CRIACAO DA “CORRIDA”

Identification of the assemble of components

models and data to be considered in the HEC-
HMS “run”
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Edit View Components Parameters

D= RS [ & a e

19 Exerciciol
=123 Basin Models
. = &8 Modelo de bacia 1
184 Baria de monkante
=13 Meteorologic Madels
= & Modela meteoralogica
[ Precipitation Gages
(=) 12 Bacia de montante
L0 Gage Weights

£ Time-Series Data
=3 Precipitation Gages
= F&Posta 1

*[[F3 011an2000, 00:00 - 01Jan2000, 02:00

Run Manager

Results  Tools  Help

has heen created.

To continue, enter a name and click Next

‘ I‘ < Batk

& create a Simulation Run [Step 1 of 4]

A simulation run must have a hame. You can give it a description afer it

Mame Exerciciol|

Example —runningthe program

Name/Next

Sequential
procedures

B3 Create a Simulation Run [Step 4 of 4]

Selected basin madel "Modelo de bacia" and metearologic}
meteoralogica’. A simulation run includes a control specfi
ane fram the list below.

Asimulation mn includes a bagin model. Select ane from the list helow,

Name.

3 Create a Simulation Run [Step 3 of 4]

Selected basin model "Modelo de bacia®. A simulation runincludej | ¢

Description

meteorologic model. Select one from the list below,

Description

To continue, selecta basin model and click Next

[C<Back ] ez [Ccaneal |

Name. Deseriptian

Tocontinue, selecta meteorologic model and click Next.

= Back | MNextz, I Cancel

<

3
Select a control ealigkc Einish m

hoose/Next
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Example—running the program

RUN THE PROGRAM

Selection of the run to be considered (there may be
several runs composed upon different basin /
meteorologic / control specifications models)
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B HEC-HMS
File Edit

View Components Parameters Results  Tools

DSBS [x &

() Exerciciol

Help
Create Simulation Run
Exerriciol

Run Manager

amEmES

sin Mode: Modelo de bacia] Current .

Example —runningthe program

(=13 Biasin Madsls
= £5 Madela de bacia Creats Optimization Trial
(S5 Bacia de montante »
=) Meteorologic Models
(=@ Modelo meteorologica
[ Precipitation Gages Create Analysis
ks Bacia de montante N
* 9 Gage Weights
=+ Cantrol Specifications

Trial Manager

Analysis Manager

5 Check Paramsters
- Time-Series Data
(=23 Precipitation Gages
=y Posto 1
- [ 0132n2000, 00:00 - 01202000, 02:00

Compute Run [Exerciciol]

Components ‘CDmPUtE Results

B HEC-HMS 4.0
[£5 Control Specifications =

Name: Especifica control
Description:
*Start Dake (ddMMITYY Y)Y

(23 Exerciciol

013an2000 =) Basin Models
*Start Time (HH:zmm) [00:00 =& Modelo de bacis
18 Bacia de montants
*End Date (ddMMMYYYY) [021anZ000 4 £ Mitearologi Madels
*End Time (HHimm [00:00

¢ Modela meteorolagico
(S Precipitation Gages
(=S Bacia de montants

L%" Bacia de montante

Fle Edt Visw Components Parameters Computs Resuks Tools Help

DSEBS N ¢ abaFeDy

Run

N B EE .

i#2 Basin Model [Modelo de bacia]

M.M.Portela (Feb/2022) - 177 _Dswarm_ s w m

Example— viewing the results the program

VIEWING THE RESULTS
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File Edit Help

DS EHS [F Qb TP Y BEH

) Exerciciol
=+ Basin Models

View Components Parameters Compute Resulks  Tools

#2 Basin Model [Modelo de bacia] Current ... |

E‘gj Modelo de bacia

=+ Meteoralogic Models
EH;S’ Madelo meteorologica
ﬁ% Precipitation Gages
Bacia de maontante
i -0 Gage Weights
=1 {23 Control Specifications
I'gl Especifica contral
é E} Time-Series Data
é Lf) Precipitation Gages
] ﬁﬁ Posta 1
E 01Jan2000, 00:00 - 01Jan2000, 02:00

l%'l'i Bacia de montante

Edit

Camponents ‘_Cnrm_:!ute REsult_s_

14 Subbasin | Transform | Options |

Basin Name: Modelo de bacia

Element Name: Bacia de montante ut Element

Descripkion: |

Downstream! Copy Element
*area (KM2) 100
Loss Method: | --None--

Transform Method: | SC5 Uit Hydrograph

Delete Element
Easeflow Method: | --None--

Caonnect Downskream

Graph
Surnmary Table

Time-5eries Table

Graph for Subbasin “Bacia de montante™

Subbasin "Bacia de montante" Results for Run "Exerciciol”

Example —viewingthe results the program

Z 0
=
= 6B
=1
=D o— — =
a < Time-Series Results for Subbasin "Bacia de montante’
18
Project: Exerciciol
Simulation Run: Exerciciol  Subbasin: Bacia de monkante
a T Start of Run:  01Jan2000, 00:00 Basin Model: Modelo de bacia
= 1 20 T End of Run:  02Jan2000, 00:00 Meteoralogic Model:  Modelo metearalogica
g i Compute Time: 12582010, 19:33:01 Contral Specifications: Especifica contral
; 60 - Date Tirne: Precip Loss | Excess |Direc... | Base... | Total...
=] 0 i (MM | (MM | CMMD | (M3S) | (M3JS) | (M3(S)
[ ! T T T T W otdnzooo [oo:o0 000 | 000 | 000 | A
00:00 0600 12:00 18:00 00: 01Janza00 00;30 | 19.000 | 0.000 |19.000 | 0.49 0.00 0.49 1
01 Janz000 01:00 19.000 | 0.000 |19.000 | 1.46 0.00 1.46
| O1Jan2000 01Janz000 0.00 342
Legend {Compute Time: 1252010, 19:33:01) 01Janz000 0,00 | 652
- . S 01Janz000 0.00 | 1046
mmmm— Run:Exercicio] Bement:BACLA DE MONTANTE Result: Precipitat| 1 Janzoon o.00 | 1536
" Run:EXERCICIO ElemanBAC 1 DE MONTANTE Rasub:Praciplatian Lazs 01Janz000 0.00 20,91 [ |
— Run:EXERCICION Bement:BACIA DE MONTANTE Result:Outflof| |01JanZ000 000 | 27.28
01Janza00 0.00 | 34.34
— — — Run:EXERCICION Bement:BACIA DE MONTANTE Result:Basef| OL3anz000 o.00 4255
01Janz000 0.00 51.71
01Janz000 0.00 | 61,95
R R 01Janza00 0.00 | 73.28
Results in the form of pictures or of 013an2000 0.00 | 8471
table directly exportable to the Excel) OL3anz000 0.00 | s.14
01Janz000 0.00 | 106,67
01Janza00 0.00 |115.92
01 Janz000 0.00 | 123.97 o




Example— viewing the results the program Co-fundad by the
Erasmus+ Programme
Filz Edit View Components Parameters Comp mi s Eunpean L inion

Graph for Subbosin Bacia ts mantaats”
‘Subbasin Exemert “Bacia oe momanie* Resuks for Fun *Crieka af sibuleira®

Frecia (M)

- ~ In order to properly use the program it is fundamental to

/ AY
7\ have a correct and precise knowledge about which models
g o F \\
5w S — - - - e should be applied to each component and about the
F S P S e Fes e 1o o sk e
y e ma i 5151 [0 parameters required by those models. THE PROGRAM
i won | [ ek SHOULD NEVER BE USED AS A “BLACK BOX”
o 12,000 19081 Element Namg
o N G TOOL
500 _‘.VJ‘ \" ]
7 m ."" Transform Methng
?5— e ; Baseflow Method
§
e " /: _ s Basin Name: Teste Out\et;
e T = i e Element Name: Bacia de montante i
| 104pr 2006 11Apr2008 Initial Type: & e
L s e IO (1) -
Recession Constant: b RS
o B || rcos managoment | OSSR W
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