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Vorlesung: Hydrologische Modellierung

Hydrologische Modellierung (im humiden Raum)
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heute: hydrologische Modellierung
(im humiden Raum)

* wissenschaftliche Fragestellungen
e Losungen? (Herangehensweise, Werkzeuge)
*  Fallbeispiel (Siddeutschland)

*  Untersuchungsgebiet

»  Datenaufbereitung (ArcGis,....)

*  hydrologisches Modell (OpenGeoSys)
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Vergangene Veranstaltung

Einfihrung in die hydrologische Modellierung
* hydrologische Parameter

* hydrologische Prozesse

Fragen?
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Wissenschaftliche Fragestellungen

1 What is the universe made of? 11 What's so weird about prime numbers?

2 How did life begin? 12 How do we beat bacteria?

3 Are we alone in the universe? 13 Can computers keep getting faster?

4 What makes us human? 14 Will we ever cure cancer?

15 When can | have a robot butler?

"“OC 16 What's at the bottom of the ocean?

¢ 17 What's at the bottom of a black hole?

« @

10 How do we get more energy from the sun?

5 What is consciousness?

6 Why do we dream?

7 Why is there stuff?

8 Are there other universes? 18 Can we live for ever?
9 Where do we put all the carbon? 19 How do we solve the population problem?

20 Is time travel possible?

http://www.theguardian.com/science/2013/sep/01/20-big-
questions-in-science




Wissenschaftliche Fragestellungen in
der Hydrologie und Hydrogeologie

Human activities
Interaction of hydrological
parameters

discharge floods

forecast stream network

water management

droughts

watery questions
Why is water important In Utahy
What do people use water for
How S0yt N e e B groundwater Catchment analysis

How does wateraf et

Climate change

contamination

wh;f Nappens when there is too much water?

i - What happen

when there is too littlc water)

evapotranspiration

variations in precipitation

Herausforderungen in hydrologischen und
hydrogeologischen Systemen
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Wie konnen diese Fragestellungen geldst
werden?

* Herausforderungen in der hydrologischen und
hydrogeologischen Systemen
* Tools fur die Losung wiss. Fragestellungen
* mathematische Modelle
* hydrologische Modell-Software
* hydrogeologische Modell-Software

= Kurzportrat: Fallstudien
ﬁHELMHOLTZ

CENTRE FOR
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RESEARCH - UFZ

Klimawandel

» globaler Temperaturanstieg von 3-4 ° C (Abflussmuster,

Schneeschmelze, Wasserqualitét, Verdunstung) | Projecte

* Veranderung der Niederschlagsmuster (Abfluss, Wasserqualitat, ’iﬁ;; e
e d m.?s r

Intensitt, Frequenz und Magnitude von Uberschwemmungen und ~~ ™, 'fi‘;f s
Dirren, Grundwasserneubildung) ks =¥ |

. . .. . . 0, ~mm— o —— 0

» Anstieg des Meeresspiegels (Uberflutung von Kiistengebieten, — L T—G
Multimodel mean-changes in annual runoff

indicating degree of agreement

Salzintrusionen) e a2 it et
etween the 12 models u

- Frage: Wasserverfugbarkeit: wie variieren die Wasserflisse auf

Einzugsgebietsebene in bezug auf das globale Klimageschehen?

IAHS: Panta Rei-Project formulated:

1. Whatare the key gaps in our understanding of hydrologic change?

2. How do changes in hydrological systems interact with and feedback on natural and social systems driven by hydrological processes?

3. What are the boundaries of coupled hydrological and societal systems? What are the external drivers and internal system properties
of change? How can boundary conditions be defined for the future?

4. How can we use improved knowledge of coupled hydrological-social systems to improve model predictions, including estimation of




Wasserknappheit

Source: United
Nations

CONFRONTING THE
WATER CRIS

Source: globalmapper.com Source: maharlikafilms.com

Source: amazon.de

Verschmutzung von Oberflachen- und -
Grundwasser

Grundwasserkontamination:

« anthropogene Ursachen: Kontamination des Grundwassers durch Leckage (Benzin, Ol, Salz, Chemikalien
[Renigung]
« Transport von toxischen Materialien / Flissigkeiten durch Bodenzone
¢ 2.B. Pestizides + Duinger, Bergbauabfallprodukte,....

¢ ebenso: unbehandelte Abfille aus Klargruben und giftige Chemikalien aus unterirdischen Lagertanks +

undichten Deponien

SOURCE

Land Surtace

Source: wesleyan.edu Source: britannica.com
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Meeresspiegelanstieg

U.S. Climate Change Science Program (Januar 2009):

« “steigende Meeresspiegel fiihren zu Uberflutung niedrig liegender Landbereiche, Kiistenerosion, Umwandlung von
Feuchtgebieten zu offenen Wasserflachen, Verscharfung von kistennahen Hochwassern und Versalzung von
Flussmiindungen und StiRwasseraquiferen."

* betroffende Stadte: u.a. New York, New Orleans, Amsterdam, Rotterdam, Alexandria, Mumbai, Kolkata, Ho Chi Minh

City, Bangkok, Guangzhou, Shenzhen, Hong Kong, Ningbo, Shanghai, Tianjin, Osaka, Tokyo and Nagoya

Global Mean Sea Level Change

What causes the sea level to change? 4

T T
200 |->total change in mm 3.0 mm/yr

Church & White (GRL, 2005)
University of Colorado (2010 rel. 2)

150

2.1 mm/yr

0.9 mm/yr

50 2.0 mmiyr

1880 1900 1920 1940 1960 1980 2000

Source: worldviewofglobalwarming.org

| Source: courses.washington.edu

e e

Salzintrusion

Eindringen von Meerwasser:
* Meerwasser gelangt entwdeder durch natirlichen oder anthropogenen Einfluss in SiRwasseraquifer
* verursacht durch absinkende Aquifer-Wasserspiegel oder Meeresanstieg

e Intrusion kann Wasserqualitdt beeinflussen, umfangreiche Beeinflussung des Aquifersystems

Source: lenntech.com

Unconfined Aguifer

Confining Layer

Confined Aquifer
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Source: mikeb203.tripod.com




Wassermanagement Feldarbeiten + Experimente

ThelCase*of/ Unsustainaville [ Water
[ | Sources |
’ . @) Problems

problems

Observationsfeld

Photos + Figures: C. Siebert, A. Meier, A.
Sachse

What are the tools solving scientific questions?

River channel

Systemanalyse
« Feldarbeit (data collection, measurements, installations) "
« Experimente (data collection, measurements, installations) Locimnebted

Overbank flows.

Datensammlung
« databases

River levols aro measurod at flow gauges, some of which have

been used in the method as hydrologic indicator sites Flow e reguiaied

downstream of dams Unregutated rivers are not

affocted by large dams.
woirs but may be affected by
tocal water extraction and
1and uso changes

Datenanalyse
« climate analysis

Floodplains and wetlands require flooding

. water balances at different times to maintain the health of
the various plants and animals that live there.
. They also need periods with lower water levels.

River flows within the channel

Konzeptionelles Modell
« simplified model

Black box community

Rivor red gum
community

Anabeanches and billabongs create
habitats and allow nutrient
and carbon exchange

Numerisches Modell ‘
+ mathematische Modellierung
» analytic method: consisting in dividing a system in its components, which are afterwards ] T i
analysed one by one o o] Fop el
» systemic method: examining complex phenomena and processes as a whole, having behaviour
and properties, which do not belong to the system's components, but to their interaction

Connections along rivers

Habitats roquiring
Potiot Soodioy Different river flows such as freshes and low flows provide cues
for migration as well as transport of nutrients, salt, carbon and sediment,

Habitats requiring and refuge for plants and animals in dry times.
""" intrequent flooding

A fresh is a pulse of water which travels down the river
and is usually caused by intensive rainfall

S EEEES—S——




System analysis

*  hydrologische Parameters (raumliche / zeitliche Verteilung)
e Interaktionen der Parameter
. Prozesse

e  Einzugsgebietsanalyse

wauur—a—-»—»—n

o e o
- Geographisches Informationssystem (GIS) ‘,g el e *

2.B. ArcGIS

£ Mk ot Wetmtod
@ Wednlan

Sy -

5B Caca o/ thoms
B Gty Pk

& B Pood i b 20
2 o)

D Tebetl e L
E
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naa

Source: esri.com

Komplexes System:
Hydrologisches + Hydrogeologisches System |

2.B. Gerinne: Ablaufgerinne, wird gespeist von:

« direkter Niederschlagszufluss in Flusssystem

*  Oberflachenabfluss

* unterirdischer Zufluss

e GrundwasserzufluR innerhalb Flusssystem (effluent) > Modell des linearen Einzelspeichers

Zur mathematischen Beschreibung und Simulation von Wasserfliissen / Stromungen wird Folgendes benétigt:
e Gleichungssystem

*  Kontinuitatsgleichung (z.B. Wasserbilanz, Massenbilanz)

*  Formulierung von Differentialgleichungen

* Losungsansatz fir Differentialgleichungen (analytisch oder numerisch)

Die Zusammenstellung und Lésung dieser Gleichungen ist Voraussetzung fur die mathematische Stromungs-
und Stofftransport-Modellierung = Modell des Einzel-Linear-Speichers

Die lineare Beziehzung zwischen Speicher (S) und AbfluB (R) kann vereinfacht beschrieben werden:

*  Speicher (S) und AbfluR (R) sind proportional

* speicherkoeffizient (k) ist die Proportionalitdtskonstante
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erweitertes Verstandnis hydrologischer
Prozesse

INTERFLOW

ooty Compass Vi G007 901931, 10,1114 1743:8198.2007.0003%¢

KEITH BEVEN

Centre for Rescarch on Environmental Systems,
Institute of Environmental and Biological Sciences,
University of Lancaster , Lancaster, LAL4YQ, UK

ABSTRACT. Siom runoff in many parts of the world is produced by subsurface

runoff processes or interflow. ‘The evidence for different mechanisms o explain fast

subsurlace respons revicwed. Th: diffczent mechanisms are incorporated into a

uni s the importance of spatial
n g interflows

Catchment Classification and Hydrologic
Similarity

Thorsten Wagener," Murugesu Sivapalan,” Peter Troch,* anc
Ross Woods*

‘Department of Civil and Environmental Engineering, Pennsylvania State Universit
*Departments of Geography, and Ciil and Environmental Engineering, University ¢
Hingis, Urbana-Champaign

*Department of Hydrology and Water Resources. University of Arizona

“National institute of Water and Atmospheric Research, New Zealand

of macropores.
WATER RESOURCES RESEARCH, VOL. 33, NO. 12, PAGES 2967-2980, DECEMBER 1997 ‘?ﬁ;“w‘“ﬁ;‘;
outlined.

Process controls on regional flood frequency:
Coefficient of variation and basin scale

Ginter Blisehl and Murugesu Sivapalan®
Taativun flr Hydradik, Gewlsserkunds wnd Waserwirischafl, Techmische Univenitst Wien, Vienaa, Astria

pdrlegie! Simeen ot don Seimce ldvlgigors 39,3, 61199 173

Infiltration-recharge through wadi beds in

arid regions
THE EFFECTS OF CLIMATE CHANGE 0N THE HYDROLOGY AND
WATER RESOURCES OF THE COLORADO RIVER RASIN
Eagucidol ALI U. SORMAN & MOHAMED
DREW W, WOOD, NATHALIE VOISIS. J. ABDULRAZZAK
e Deparmnent of Hydralogy and Water Resources Managemens, King Abdulaziz
160 Wik P B 1 University, Jeddah, Saudi Arabia
Abstract Groundwater recharge in arid regions is_intermittent and
usually oceurs as a result of flood flow transmission losscs in dry wadi
oAt ociear seocesses. vou s, o channels, Hyds Journal
memmcofchudmmmmml-mwhmmorhwmi of
Hydrol
e St oy 217 1 31 _—
GROUNDWATER RECHARGE IN ARID REGIONS:
REVIEW AND CRITIQUE OF ESTIMATION METHODS Abstract to “*On the seale problem in hydrological modellin

Joumal of Hydrology 211 (1998) 253-265]***
GLENDON W. GEE ! ¥ &Y ( ) !
Pactic v Lahosior, Rchon, Woshingion 5532
AND
DANIEL HILLEL
vy of Misschisen, Ambers, Mecuchuses 0103

e 34 Nttt v 38 At 198, e 1 e 70

Source: earthobservatory.nasa.gov

Komplexes System:
Hydrologisches + Hydrogeologisches System i

i Pt) S(t): Speicherinhalt
P(t): Niederschlag
R(t): Abfluss
Rit)

k(t): Speicherkonstante
Ansatz des linearen Einzelspeichers: = fiktiver Speicher, bei dem der Abfluss proportional
zum Speicherinhalt ist
S(t) =k - R(t)

Fir den linearen Speicher gilt jederzeit die Kontinuitatsbeziehung:

P(t) = R(t) + dS/dt
input = output + change in storage

dR(¢
Differentialgleichung: 7(f) = R{t) +¥— -~ ()

allgemeine Losung: R(t):R(rn)-e = + I p(-;) T.e d-,;

T=fg

Der erste Term beschreibt die Entleerung des hydrol. Systems, beginnend bei t, und ohne Abfluss, d. h.
P(1>t,)=0. Der zweite Term bericksichtigt den Abfluss.




Mathematische Modellklassifikationen |

a) vom Standpunkt der Systems gibt es folgende 2 Modelle:
* stationdres System (steady state )
* dynamisches System (transient)

-> Aquifer: input + output sind konstant (mittlere mehrjahrige Perkolation bzw. mittlere Entnahmemengen durch
Wasserwerk) = stationires Modell: erméglicht Bestimmung des hydraulischen Potentials des Aquifers,
unabhdngig von der Zeit

b) bei Beachtung des mathematischen Charakters von Modellformulierungen:
* lineare Modelle
* nicht-lineare Modelle

-> Natur: meist nicht-linear
- Modellstudien: lineare Beziehung zwischen Variablen wird akzeptiert

c) beztiglich Zeitfaktor:
e diskrete Modelle
*  kontinuierliche Modelle (Zeitreihen)

- dabei hangt Auflésung der Zeitachse vom hydrol. Prozess ab (Hochwasser: Minuten — Stunden; Aquifer: Tage-
Jahre)

ﬁ HELMHOLTZ
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Mathematische Modellklassifikationen llI

f) Hydrologische Modelle kénnen auch nach:
¢ deterministische Modelle: beschreiben hingegen die Ursache-Wirkungsbeziehung zwischen auslésenden

(z.B. Niederschlag) und resultierenden GroRen (z.B. Abfluss) mit Hilfe geeigneter Algorithmen

STOCHASTISCHE MODELLE DETERMINISTISCHE MODELLE

zufallsabhingig zufallsunabhingig
det zeitabhingig zeitunabhingig Gesamtsystem detailliertes System
. rein stochastisch probabilistisch (lumped system) (distributed system)
‘ Wa.rtemchle!ngan— Hochv._'a.qserhauﬁg— | linear | |nicht linear ‘ | linear | |nicht lincar |
theorie keitsanalyse

o Quelle: Prof. Dr.-Ing. Manfred W. Ostrowski
¢ Modelle furr Frequenz-Analysen ! " 9 et

¢ Regressionsmodelle
e stochastische Modelle
¢ Modelle mit zufélligen Koeffizienten

ﬁ HELMHOLTZ

¢ Modelle, die Randbedingungen mit Wahrscheinlichkeiten enthalten CENTRE FOR
ENVIRONMENTAL
RESEARCH - UFZ
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Mathematische Modellklassifikationen i

d) je nach Grad der Kenntnis des analysierten System:
* physikalisch basierte Modelle (White-Box-Modelle);
* Bilanz- Modelle:

* input-output Modell (black-Box)

* konzeptionelle Modelle (grey-Box)

e) je nach Grad der Parameter-Variablitat:
*  Modell mit Global-Parametern (lumped)

*  Modelle mit zeitlich/raumlich verdnderlichen Parametern

- global: jederzeit konstante Ein- und Ausgangsparameter, Zustandsvariablen etc., z.B. Homogenitit des Systems
- raumlich/ zeitlich diskretisiert: Parametern variieren, z.B. unbekannte Systemstruktur oder innere

Systemzustande nicht messbar / nicht vorhanden / nicht von Interesse

ﬁ HELMHOLTZ

CENTRE FOR
ENVIRONMENTAL
RESEARCH - UFZ
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Catchment Hydrology — Modelldiskretisierung

Kleinskalige-Einzugsgebiete:
e z.B. Bestimmung des maximalen Abflussvolumen einer Flutwelle

-> z.B. SHE Model (Systéeme Hydrologique Européen, Institute of Hydrology — Wallingford, UK):
Evapotranspiration, Schneeschmelze,... mit den mathematischen Modellen: Penman-Monteith, Richards
Gleichung

* Modell der kinematischen Welle

Mittlere Einzugsgebiete:
*  Reservoir-Modelle

*  Abfluss-Modelle

GroRskalige Einzugsgebietsmodellierung:

*  Einzugsgebiet mit Unter-Einzugsgebieten (flood routing models)

Scheme of the kinematic wave model (Source: epfl.ch)

Page 24




Welche Modellierungswerkzeuge sind bekannt?

Hydrologische Modelle:
« seit 1960er Jahren exponentieller Anstieg verfiigbarer Modelle (Nemec, 1993)

Abflussmodell(empirisch):

« empirische Methode, um Niederschlagsvolumen in Abflussvolumen zu konvertieren: curve
number-Verfahren

* Abfluss-Modell (Reservoir): beschreibt Niederschlag-Abfluss Beziehungen nach dem Konzept
eines (nicht) linearen Speichers: Vflow (commercial)

Transportmodellierung:

« beschreibt Strdmung + Routing innerhalb eines FluR/FlieRgewésser-systems und den Transport
geloster und ungeloster Stoffe im prorésen Medium und FluR/FlieRgewéasser: MIKE11
(1dimensional, DHI Water)

Verbundmodelle (modular):
« Kombination/Kopplung verschiedener Modelle, z.B. MIKE SHE oder WEAP (Kopplung aus
Oberflachen-und Grundwassermodellen)

Beispiele fiir weitere hydrologische Modelle:

« SWMM
* JAMS /J2000g
+ HEC-HMS

Beispiele fur weitere hydrologische Modelle: ﬁ HELMHOLTZ
. Modflow CENTRE FOR

ENVIRONMENTAL
* OpenGeoSys RESEARCH - UFZ

R4k

Klassifikation hydrologischer Modelle |

l Coupled Deterministic — Stochastic Models ‘

/\

>
] Deterministic models ‘ l Stochastic Models
; L — . — _—
O
8 Fundamental Conceptual Black-Box- Probalistic Times Series
g Laws models Models models Generation Models
A (Hydroiiyn.) J_
c ~ v
-(2“ Distributed Models ‘| l Lumped models ‘
N
° / / \
Q -
2 x
S Grid Based Semidis- “Statistical” No
2 % (Elementary tributed Distribution Distribution
(%é — unit areas) (Larger
Sub-
| | areas)

Klassifizierung von hydrologischen Modellen in Bezug auf Anwendungszweck, der Grad der Kausalitat und
angewandte rdumliche Diskretisierung (Nemec, 1993)
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Hydrologische Modelle

anwendungsbezogene Modelltypen:

*  Echtzeit - Modelle

¢ Vorhersagemodelle (Beriicksichtigung von Landnutzungsdnderungen,....)
¢ Planung und Design (Kanalbau,...)

* weitere Zwecke (Forschung, Modellkalibrierung,...)

Hydrologische System-Typen:

* Elementare Systeme:

* Hydrotop
e Aquifer
*  Flusslauf

* Speicher oder Seen

*  Komplexe (oder gekoppelte Systeme):
¢ Oberflichenmodelle (mit mehreren Flusslaufen,....)

¢ Einzugsgebiete

Klassifikation hydrologischer Modelle Il

Demand for high-capacity
comput

drological forecasting

Some parameters are identical with,| regionalizatio

are related to prototype

charactenstics L

Allgemeine Merkmale und
Anwendungsfelder der
hydrologischen Modelle fiir
Flusseinzugsgebiete und
andere Landflachen arbess dern i i, | SPozIbRY beyoad (RS Reniiendcd

Real-time hydrological forecasting by the calibratio

Extrapo Very limited range of applicati

quick mly gauged basins




Prozesse und sub-Prozesse in
hydrologischen Modellen |

Precipitation (rain + snow)
Meteorological parameters (heat + mois
and snow melt + accumulation

Canopy interception

Infiltration flow, depression storage an~’
Soil water (recharge, movement
Sub-surface flow (interflow 'b(\ ]
Groundwater storaor QQ/( HOW
Overland and ~* Qo’b(\ . Q (including
e‘&\
o
6\

34

B
Q
O
ture exchange b~ QO(O ., vegetation, atmosphere: ET, ETR)

90(\%
(\e
Q aOW

e(\ .1, depletion, capillary rise)

r recharge)

surface water storage in channel network, lakes, reservoirs)
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Dimensionen und raumliche Diskretisierung

1D: vereinfachtes Flussgebiet ohne erweiterte Auenbereiche, Talsperren, Seen,..

2D: umfangreiche Flussgebiete/-systeme

Discretisation methods (2D)

Balance of box

Finite differences

Balance over patch
Finite elements

r
Finite volumes . Balance over FV

Discretisation methods (3D)
=
o=
e

Finite elements 05

Finite differences Balance of box

Balance over pat

Finite volumes

Balance over FV

ch

Kinzelbach, 2013

Prozesse und sub

-Prozesse in hydrologischen
Modellen Il

j Space-Scale
lassification: 5
‘ Classifications Oistance  Area Alccatien of Important Activity
Atmospheric I Hydrological Goographica! (m) Areas in Hydrology ( Dyck, 1883)
i
| 'g ‘1 Giobal [EannSudece | Required Water Belance
| = 5 1 Deveiopments e of the Earth
9 ) b 107 ‘ n _of Cominants
= 81 Regional | s and Regions
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Classification of scales and allocation of important activities areas in hydrology

Nemec, 1993

Von geologischen
numerischen
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Daten fiir 3D Modelle und Datenquellen

Name

Dara type

Aquifer type

Available data
Aquafer data;
. Punktdaten: Dire ktmessungen Layer top/bottom slevation . u geological sections
bydr. conductivity B u pumping test data
= L ITARSISIVITY 5 c pumping rest data
*  Flachendaten: in der Regel durch storage coeffen: N c g test data
Interpolation Specific vield & u plamping test data
e Zeitreihen recharge from precipitation Wt ue climate data, bysimeter data
abstractions nyections w1 uc records from punping wells
¢ indirekte Daten: Daten, aus denen
relevante Daten durch Korrelation Lxchionge wath surface
Waer, B uc topographic maps
. river bottom elevation s we gauge data
oder Modellierung berechnet river water level . we o
d K& B leakage factors
werden konnen (Z' ° Boundary condinons;
prescribed heads st n ¢ observation well data
Umwelttracerdaten, boundary fhuxes st we -

Fernerkundungsdaten)

prezometrc heads or
groumdwater tables
Spring/drainage flow

wt

observation well data
Flow data

Model data: s spatial, t temporal, u unconfined, ¢ confined

(Kinzelbach, 2013)
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JAMS

Die J2000g Modellierungssystem mit seinen
objektorientierten modularen Ansatz ist eine der
Modellierung des Jena Adaptable Modelling System
(JAMS).

» basierend auf dem HRU-Prinzip

Randbedingungen der Modellierung:

» kontinuierliche Modellierung in der Tages-oder
Monatszeitschritte,

« anwendbar fur komplexe, aber auch Einzel-
Einzugsgebiete

» prozess-orientiertes Modellkonzeptprocess

» robust, mit wenig Kalibrierparametern

« anwendbare fir historische und zukunftige
Klimaszenarien

» flexibel anpassbar an Fragestellung und Region

J2000: Einzelprozesse und Datenfliisse

Hydrolegisches Medell 12000 — vom Konzept zum JAMS-Modell

32000 als JAMS-Modell

« Darstellung von J2K-Prozessen durch JAMS-

« Darstellung von Gesamtmedel, Roum und Zeit
dureh JAME-Kontexte

wusfihrung
« Eingabe von Klimadaten fur jeden Zeitschritt
+ Simulation hydrolagischer Prozesse In Raum
und Zet
« Ausgabe von Ergebrisdaten fir jeden Zeitschritt
Vorteile der Zerlegung in Komponenten
von reibungen

« Implementierung
ohne Berucksichtigu
~ Inreg zeitlichen/rsumiichan

- anderer Frozesskomponenten s
sehr gute Wiederverwendbarket L
Talisc

Source: multiview.com

Hydrologische Modelle-Software

Beispiele

Physiographisch-proze
Konzept der HRUs

S

EVAPOTRANSPIRATION

P =Areal Precipitation
E = Evaporation

I =interception

T =Transpiration

IN =Infiltration

ssorientiertes

SR
Land Surface [msssnsnnss

IN lCﬂ/CM

RZ1 | ynsaturated | INF
2 Zone
vz

t]

DR = Direct Run Off
SR = Surface Run OIf
INF = Interflow

GWR = Groundwaler Recharge

o e
RIVER RUN OFF )
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PC » Percolation GWL = Groundwater Level
CM = Capillaric Movement DP =Deep Percolation GWF = Groundwater Flow
CR =Capillaric Rise DPL = Deep Percolation Loss DGWS = Deep Groundwater Seepage
Quelle: Fltgel (1996)
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SWMM (engineers model)

Simulation of runoff in open and closed flumes to predict drainage and water level in hydrology and urban drainages
(e.g. prediction of flood levels or for detailed discharge simulation in ch- el systems).

Model: unsteady non-uniform flow behavior must be conside~ f‘oe‘.ulate wave propagation in rivers and channel
\2
systems (o)
(\6
A2
Method: 0(.
Saint Venant equation o(\
one-dimensional unsteady, uneven flr ‘\g“ _ described by two independent variables
possible combinations are ) £
o water depth (* O‘\ _charge (Q)
e head (z) and di. ~.arge (Q)
* water depth (h) flow velocity (v)

Source: Rossman L. (2010)

HYDRUS-2D

¢ Simulation of water flow and mass transport in two-dimensional saturated and unsaturated systems
*  Windows based modell environment

* finite element model: solving Richards equation

* analyse water flow and mass transport in porous media

* Interactive graphical based interface for data preprocessing + mesh + results

* includes parameter optimisation algorithm to estimate soil-hydraulics and mass parameters

*  application: heterogenous soil profile, infiltration tests, landfills, dykes,....

New Features A

New features:

A. General 3D geometries,
discontinuous layer:
Defining Properties on
Geometrical objects

. New FE-Mesh
Generator

Results as Iso-Surfaces
E. Intersections of Surfaces

. Faster calculation,
new Modules,
and much more...

Source: igwmc.mines.edu
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Soil and Water Assessment Tool (SWAT)

* river basin scale model

* quantify the impact of land management practices in large, complex watersheds

¢ public domain model actively supported by the USDA Agricultural Research Service at the Grassland, Soil and

Water Research Laboratory in Temple, Texas, USA
* hydrology model (watershed hydrological transport model) with the following components:
* weather, surface runoff, return flow, percolation, evapotranspiration, transmission losses, pond and

reservoir storage, crop growth and irrigation, groundwater flow, reach routing, nutrient and pesticide
loading, and water transfer. SWAT can be considered a watershed hydrological transport model

inpubus rcesingand ity A VSWAT

Ao |
3
A

Raw GIS Data

Editing " SWAT

Outpat Mags

— s " Output Tables . |
e ArcView awd Charts

und Time Series
Source: geo.arc.nasa.gov
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HEC-HMS

¢ Hydrologic Modeling System (HEC-HMS) simulates the precipitation-runoff processes of dendritic watershed
systems

* includes large river basin water supply and flood hydrology, and small urban or natural watershed runoff

¢ hydrographs produced by the program are used directly or in conjunction with other software for studies of water
availability, urban drainage, flow forecasting, future urbanization impact, reservoir spillway design, flood damage
reduction, floodplain regulation, and systems operation

E\
4

W O ) b s o o=
1 e Vo Comprmmets Paamts Comptn i Tach.
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Grundwasserstromungsmodelle—

Beispiele
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= DRESDEN

OpenGeoSys

-~ Software-Engineering
OpenSource Project

:- o L L R '.
OGS Data Explorer :

™™ el procensen
2004 | GS/RF Co+ Gnmoset

potrm ottt OGSTHMC
o, o
10 vacsttincn

. e Pt i vie o
2013 Cro esssomsty

JUQUEEN

High-Performance-Computing

0GS Communhy? f—; g

Kolditz, 2012

Modflow

» 3D finite-difference ground-water model developed by the U.S. Geological Survey (USGS) with a
modular structure composed of a main program and several independent packages:
+ the hydrologic internal packages - simulating the flow between adjacent cells
« the hydrologic stress packages - simulating individual kinds of stress (recharge)
« the solver packages - implementing the solutions for the algorithm of the finite-difference equations
« program control package - controlling and organizing the process
» simulates static and transient flow in aquifer system, that can be irregular confined, unconfined, or mixed
» also: flow of wells, recharge, evapotranspiration, drains, river beds
» compatible with automated parameter estimation code UCODE (Poeter et al., 2005)
*+  MODFLOW-2005 (Harbaugh, 2005), which is free for scientific use

i

SBQ milk KO A i [T

=
LEET T

Fallbeispiele
und deren wissenschaftliche Fragestellung
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To study long-term influence of land use changes, climate
h , i ic devel dh . .

intervenions n st systems | TERENO Long time model to simulate groundwater flow and mass
transport of Untere Mulde / Fuhne-catchment
www.tereno.net Scientific Question:

GFZ-Observatorium The mining activities around Bitterfeld led to a large-scale pollutant discharge from the chemical industry.
o 2 Objective of the long-term model was to develop strategies that explain the current pattern of complex
pollutant patterns better than local and short-term models.

Method:
three-dimensional groundwater flow and transport model was set up to path lines of contamination

Result:
Contamination concentrates on the quaternary channels, which are also preferred outflow tracks and
reinforce the contamination inflow in the tertiary aquifer

[N

Wycisk, Peter, et al. "Integrated hodol for ing the HCH gi d llution at the multi ce i d mega-site Bitterfeld/Wolfen.
Environmental Science and Pollution Research 20.4 (2013): 1907-1917.

Zacharias, 2012

Hydrologisches Observatorium Bode Regional groundwater flow model of the
S e Western Dead Sea Escarpment (SUMAR-Project)
Hohes Holz | e Scientific Question:

( The cretaceous aquifer system is the only fresh water resource in the arid catchment of the Western Dead
A sea escarpment. Unsustainable water management led to an overexploitation of the aquifer and to an

enormous decrease of the water level of the Dead sea. The aim of the modeling was the quantification of
the water balance parameters and the current aroundwater recharae.

UM\\ Method: Thema der nachsten Vorlesung
ol 1o amlate o am 16. Mai 2014 o9

~ Result:

Selke o
A;/
7\ Contamination concentrates on the quaternary channels, which are also preferred outflow tracks and
A mnd Solute Transport
Schafertal reinforce the contamination inflow in the tertiary aquifer PN
x Schaferbach

| © Fioodplain Research Sites % B

® Runoff Gauging Stations

+) Mult-Parameter Probes % Soll Moisture

T=RENO A&

TERRESTRIAL ENYIRONMNTAL OBSERVATOREES

Sauerbach

N
Rappbode Dam

X

@ TERENO Intensive Research Sites.
@ sBiodiversity Monitoring Sites.

/&, Rainscanner Runoff Subcatchment
[8] TERENO Climate Station YN
+ Precipitation Network DWD es Holz “"‘ Selke ‘ = Rappbode Dam
[ 80de Catchment Boundary gl S 3
Selke Subbasin r: X 2
_+{ W Geesgraben Subbasin _ e \

(B8] ur TERENO Rogin i Groundwater-Surface Water %
O ) Interaction DOC-Monitoring Network




Ukraine — Western Bug Catchment
(IWAS-Project)

Scientific Question:

Inverse determination of groundwater inflow using water balance simulations and the analysis and
quantification of current water balance components of the catchment Western Bug under the challenge of
scarce data and the the complexity of local hydro-geology and hydrogeology.

Methods:
hydrological modeling (BROOK90), hydrogeological modeling (OGS)
Result:

Water balance of the Bug-catchment and the quantification of groundwater inflow from the Carpathian
mountains

nESSSSSHSS

PP PSS S

Parameter Precip Snow Q_surface Recharge Recharge Recharge ET PET

Aquifer_shallow | Aquifer_deep | Aquifer_total

average annual values
[mm]

749.1 106.86 33.48 131.69 8.40 157.00 455.7 690.4

Kérner et al., 2014

Oman ll

Scientific question:

Saltwater Intrusion in an Agricultural Used Coastal Aquifer System.

The “Al-Batinah” plains, a coastal region in Oman, are used for agriculture. Irrigation water is taken
from limited, non-renewable subsurface water. Due to groundwater levels lowering: marine
saltwater pollutes the aquifer.

Method:
three-dimensional grc

Thema der nachsten Vorlesung
am 16. Mai 2014

Result:
best-case scenario si
saltwater in a Iong-teim pEIdSpELuvE

Stream tracers show areas of  Advanced visualization techniques

main groundwater flow paths he![pe(tzl to validate complex model
outpu

Oman | - Recharge and residence times in
an arid area aquifer

Scientific question:
The study investigates recharge to the Najd groundwaters as part of an active flow
system and evaluates the mean residence time in the deep groundwaters.

Methods: e
groundwater flow model combined with environmental isotope tracer data =1 LA
(Modflow)

Results: Thema der nédchsten Vorlesung
The two-dimensional fli

system from the potent am 1 6- Mal 201 4

discharge area in the north (Sabkha Umm as Sammim). 7
Based on the used parameters the model calibration indicated, that ., pa—

a recharge rate of around 4 mm a-1 is sufficient to reproduce current T —

groundwater levels.

Dhofar
Mountains

outcrop area
UER northeasterry

margin | A
Thumrait Dhofar | Q
Y
/ |
/ F
/| E
,,,,,,, R
= N A
cretaceous B
sediments LUER c
D

i s groundwater level aquifer Aand B groundwater level aquifer C and D

N S ol s [ 24000 48000 72000 96000 128000 160000 192000 224000 256000 288000 320000 m

Figure 46: Goneralized conceprunl model of todays Najd hydrology

Herangehensweise in der hydrologischen
Modellierung
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Arbeitsplan der (hydrologischen) Modellierung

Define purpose
Conceptual model

Field data

1) Problemanalyse

2) Datenerhebung *

rogra
verified 7

3) Konzeptionelles Modell coos

SELECTION

4) Modellaufbau/-prifung

5) Modellanwendung Comparisen

with
field data

6) Modellpflege

Prediction®
Presentation of results
Pastaudit

Field data

Quelle: M. Walther

Tincludes sensitivity analyses

Problemanalyse

Raumdimensionen:
1-dimensional
2-dimensional

3-dimensional

zusatzlicher Aufwand fiir weitere Dimensionen betrachtlich!
- deshalb: Fragestellung beachten
-> Realitat ist 3D --- 1D/2D begriinden, z.B. mit

- Aufgabenstellung / Notwendigkeit

- Eigenschaften (z.B. homogener Untergrund)

ﬁ HELMHOLTZ

- Eingangsinformationen beschrankt / unzureichend CENTRE FOR

ENVIRONMENTAL
RESEARCH - UFZ
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Problemanalyse

= Was?

vy vy
—_—
T
Bilanz Strémung Transport

"Wo? [y ] K AR Ri—

R ———

= Wie?

t

Wasserentnahme / Isohypsen Wasserentnahme / Absenkungsverlauf
-+ Datenlage

=+ Nach Notwendigkeit und VerhaltnismaBligkeit eingrenzen

=+ Vorhandene Informationen / Defizite?

Quelle: M. Walther, T. Reimann, TU Dresden
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Problemanalyse

Beispiel zur Wahl Raumdimension: Transport von Nitrat im Untergrund
1-dimensional: Saulenversuch / Stromlinie = Ziel: Verhalten des Stoffs

entlang FlieBRweg

£ Aguer, gedinge Menge Aquifer, grofie Menge

ungesittigte Zone reakiiven Materials resktven Materials

Quelle: M. Walther, T. Reimann, TU Dresden




Problemanalyse

Beispiel zur Wahl Raumdimension: Transport von Nitrat im Untergrund

2-dimensional: z. B. Schnitt (x-z) = Ziel: Hydraulik und Stofftransport fur

einen Brunnen / eine Messstelle

Quelle: M. Walther, T. Reimann, TU Dresden

R RRRRRRRRAikd4iiiik—iaiiiinininin

Problemanalyse

Beispiel zur Wahl Raumdimension: Transport von Nitrat im Untergrund
3-dimensional: = Ziel: Hydraulik und Stofftransport fur

komplexes Gebiet (Interaktionen)

Quelle: M. Walther, T. Reimann, TU Dresden
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Problemanalyse

Beispiel zur Wahl Raumdimension: Transport von Nitrat im Untergrund
2-dimensional: z. B. horizontal-eben (x-y) = Ziel: Hydraulik fur einen tiefen,

homogenen GWL

o e ww W®  Lwm

GW-Leltar (Wes, Sand) | . *.°." *
GW-Staver (Shuft, Ton, Memel)

Quartirbasis. /7///

Quelle: M. Walther, T. Reimann, TU Dresden

Problemanalyse

Zeitskala

Zeitunabhangig = stationar (steady state / langfristig / Mittelwert /
Gleichgewicht)
* bendtigt kein Speicherterm
* keine Beachtung von:
* Variation der Grundwasserhéhe, Grundwasserneubildung,
FlieRgewassern
» verdnderliche Entnahmeraten (Pumpen)

Zeitabhangig = instationar (transient)

* bendtigt Speicherterm

* Eingabedaten (Zeitreihen)

* Aufwand zur Modelleichung (mehr EinfluRgréRen)

Aufwand

ﬁ HELMHOLTZ
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Arbeitsplan der (hydrologischen) Datenerhebung

Modellierung

— * Grundwasserstande
¥

* Stoffe: Konzentrationen

Field data

1) Problemanalyse

Wumerical form ulation

Analytical

solutians

* geolog. Schichtenaufbau

2) Datenerhebung *

Code verified 7

* hydraulische Parameter (Pumptest)
3) Konzeptionelles Modell coos

SELECTION

* Randzufliisse

Modeldesign

4) Modellaufbau/-prifung [ e et *  GW-Neubildung

5) Modellanwendung Comparisen

with
field data

6) Modellpflege Datenrecherche + Feldmessung = Datenaufbereitung

ﬁ HELMHOLTZ

CENTRE FOR
ENVIRONMENTAL
Quelle: M. Walther, T. Reimann, TU Dresden RESEARCH - UFZ

Field data Pastaudit

Datenerhebung Arbeitsplan der (hydrologischen)
Modellierung

Conceptual model

Mathematical modal
1]

Wumerical form ulation

Field data

1) Problemanalyse

Analytical

solutions

Computer program I'
Code verified?

2) Datenerhebung

3) Konzeptionelles Modell cooe

SELECTION

Modeldesign [®==Field data

Calibration”

4) Modellaufbau/-prifung

5) Modellanwendung Comparisan

with
figld data

6) Modellpflege

Prediction”

Presentation of results

Photos + Figures: C. Siebert, A. Meier, A. Sachse

Field dats Postaudit

Quelle: M. Walther, T. Reimann, TU Dresden




Konzeptionelles Modell

Komplexe hydrologische / hydrogeologische Sachverghalte adaquat abstrahieren
-> Entwickeln der hydrologischen /hydrogeologischen Modellvorstellung:

- Untersuchungsraum

-> Bilanzraum

- Modellraum

- Hydrostratigraphische Einheiten

- Aquiferparameter

- Dynamik

- randbedingungen

- Beschafffenheit (homogenitat, Heterogenitat(

- Bilanz

ﬁ HELMHOLTZ

CENTRE FOR
ENVIRONMENTAL

TECHNISCHE
UNIVERSITAT RESEARCH - UFZ

e DRESDEN

Konzeptionelles Modell

In Hinblick auf eine Wasserressource werden dargestellt:
e das aktuelle Verstandnis der malRgebenden Prozesse,

e funktionale Zusammenhéange verschiedener Systeme
(Grundwasser, Oberflachenwasser ...),

e Abhdngigkeiten und Einflisse ...
= Grundlage flir numerisches Modell
Entscheidender Schritt der Modellierung!

ﬁ HELMHOLTZ

CENTRE FOR
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e DRESDEN

Konzeptionelles Modell

Modedl
ISt
Orunceesseriete
- | aasrieter
Abgrenzen =
Strukturieren
ey s
[Cemepam il o ———
e aracte Ertet Parametrisieren !
|
w— 110 i) | 2:10%m
‘ i
)

Abb. AL.2: Entwicklung des Hydrogeologischen Modells: Abstrahierung und Vereinfachungen von Strukturen, Evaluierung des
Hydrogeologischen Modellkonzepts

Quelle: M. Walther, T. Reimann, TU Dresden

Konzeptionelles Modell

Arbeitsschritte
* Modellraum abgrenzen
e Modellraum strukturieren / schematisieren
* Hydrostratigraphische Einheiten
e Zonierung / Regionalisierung
* Randbedingungen
* Informationsdefizite ausweisen, weitere Informationen (Dynamik , Beschaffenheit,

Bilanzen), Plausibilitat prifen

ﬁ HELMHOLTZ
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Konzeptionelles Modell

Abgrenzen

Modellrander — wie festlegen?

- Problemstellung im Gebiet

- moglichst eindeutige Randbedingungen

- ausreichender Abstand zum relevanten Modellgeschehen
(Brunnen, Schadensfall) = kein Einfluss durch RB

- Hilfsmittel: z. B. (hydro)geologische Gebietskarten

ﬁ HELMHOLTZ
@ TECHNISCHE CENTREFOR
UNIVERSITAT
RESEARCH - UFZ
Fase 69 DRESDEN SEARCH - U

Konzeptionelles Modell

Randbedingungen

Arten der mathematischen Umsetzung:

1) RB erster Art (DIRICHLET)

= fester Wasserstand (fixed head, specified head)

- z. B. Isohypse, Wasserspiegellagen von Oberflachengewéssern)

v const. Hohe

Quelle: M. Walther, T. Reimann, TU Dresden

R RRRRRRERIiiiivb——_——

Konzeptionelles Modell

Randbedingungen

= Interaktion Modellgebiet mit seiner Umgebung

A) Physikalische Randbedingungen

resultieren aus den real vorhandenen Gebietseigenschaften

z.B. undurchldssige Gesteinsschichten, geologische Verwerfungen, grol3e
Oberflachengewadsser (siehe Karten etc.)

B) Hydraulische Randbedingungen

resultieren aus den hydrologischen Bedingungen (!)

z.B. Stromlinien, Wasserscheiden, Grundwasserstande

ﬁ HELMHOLTZ

CENTRE FOR

JECHNISCHE ENVIRONMENTAL
UNIVERSITAT RESEARCH - UFZ

Konzeptionelles Modell

Randbedingungen

Arten der mathematischen Umsetzung

2) RB zweiten Art (NEUMANN)

= ZufluB oder Abfluf auf dem Rand (specified flow, fixed flow)

- GW-Neubildung, NO-FLOW Rand = senkrecht zu Isohypsen, Brunnen,

l i Q const. Flu?

Randzufluss etc...

-t
-

g

—)
Sonderfall @

Quelle: M. Walther, T. Reimann, TU Dresden
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Konzeptionelles Modell

Randbedingungen

Arten der mathematischen Umsetzung

3) RB dritter Art (Cauchy)

= Kombination aus RB erster und zweiter Art (head dependent flow)
z. B. Grundwasser-Oberflachenwasser Interaktion mit Kolmation,

Interaktion zwischen Aquiferen etc...

Quelle: M. Walther, T. Reimann, TU Dresden

Zusammenfassung:
Arbeitsablauf hydrol. Modellierung

- Problemanalyse

- Radumliche Dimension (1D / 2D / 3D)

- Betrachtung Zeit (stationéar / instationar)
Hydrologisches / Hydrogeologisches Modell
- Begriffe, Bedeutung

- Abgrenzen / Randbedingungen

- Auf einfache Gebiet anwenden! = siehe Fallbeispiel Ammer-Einzugsgebiet

ﬁ HELMHOLTZ

CENTRE FOR

PECHNISCHE ENVIRONMENTAL
UNIVERSITAT RESEARCH - UFZ

DRESDEN

Konzeptionelles Modell

Randbedingungen

Beispiel

1-2: Randzufluss (RB. 2)

2-3: Randstromlinie (RB. 2)

3-4: Rand mit vorgegebener Piezometerhdhe
(RB. 1)

4-5: Halbdurchlassiger Rand (RB. 3)

LT

5-1: Randstromlinie (RB. 2)

Quelle: M. Walther, T. Reimann, TU Dresden
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Arbeitsplan der (hydrologischen)
Modellierung

Define purpose
Field dats Conceptual model
Mathematical model

Nu

Computer program

1) Problemanalyse

merical form ulation

2) Datenerhebung

3) Konzeptionelles Modell cooe

SELECTION

4) Modellaufbau/-priifung

5) Modellanwendung Comparisen

with
figld data

6) Modellpflege

Field dats Postaudit

Quelle: M. Walther, T. Reimann, TU Dresden




Exkurs: Fallbeispiel Ammer-Einzugsgebiet
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WESS-Project

Integrated modeling: Coupled models for reactive

transport at catchment scale (atmosphere, soils, > ;ﬁ:;?n:cﬂ::::m‘:mmn
plants, groundwator and suﬂace waters). 3 = i

«»\,“

> N

SoiliPlant/Atmosphere: Exchange of water
and energy, supply of water and nutrients

for plants, accumulation, release and

Surface wnterlgroun . 2
and

(hyporheic zone): 1 otiel
Dynamically changing redox i 2
states and flow condition:

: Largest fr reservoir,
large residence times, low energy environment.

WESS workflow from the soil-plant-atmosphere to the groundwater—surface water interface
including integrated modeling and future climate and land use scenarios (Grathwohl et al., 2012)
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Recharge and dlscharge controls on
groundwater traveltimes and.flow paths to
product|on-WeIIs from the Ammer catchment

in southwestern Germany

(B. Selle)

EBERHARD KARLS

E Water & Earth System UN]VE R S ITAT
Science Competence Cluster TUBINGEN
&, Bode Test Sites
®
{} Upper Neckar Test Sites:

B forest

agriculture
urban areas

Locations of River Bode and Upper River Neckar test sites. (Grathwohl, 2012)
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Recharge and discharge controls on groundwater travel
times and flow paths to production wells

for the Ammer catchment in southwestern Germany
Selle et al., 2013

Recluarge and discharge controls on groundwater iravel times
and flow paths 1o production wells for the Ameser calchment
in southwestern Germany

Elevation [m]
[ R
R
. -
. -0

Ammer Catchment
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Am2iS1

Quelle: B. Selle

Ammer Catchment Characteristics

[§E

Ammer

Catchment size [km?]
min. elev. [m asl]
max. elev. [m asl]

land use
city
agriculture
with
- arable land
- meadow
forest

B population density [people *km2] 540

karstic limestone (mo) and gypsum
(km2)
clayey soils, partial covered by loess

Mean air temperatur [°C] ~8
S Annual precipitation[mm*a-1] 760
@ Mean discharge height[mm*a-1] 226

y
ren

ogle ea

Quelle: B. Selle
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Geology

3-D view of the Ammer catchment with the

Ammer River and two tributaries, the Kochart and

the Kasbach Creek.

=  Gipskeuper springs (squares) and Upper
Muschelkalk springs (diamonds)

=  Drinkingwater production well sites (circles
W1, 2, 3, 4).

Hydrogeological units:
Upper Muschelkalk (mo)
Gipskeuper (km1)
Lettenkeuper (ku)
Schilfsandstein (km2)
Bunte Mergel (km3)
Stubensandstein (km4)

Inset in the lower right corner displays locations
of colour coded observation wells used for
calibration.

Inset in the upper right corner shows a cross-

section; dashed line indicates its approximate
location.
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B «m234

Quelle: B. Selle




Continous runoff

Sources of groundwater discharge at
catchment outflow

Weida
Ammer
120 End Member Mixing Analysis (EMMA): catchment outlet
—_— -
[+ 1 B Upper Muschelkalk
£ «~ _| O Gipskeuper
f‘ .2 0O wastewater treatment plant
.,Lw 80 = o
N o
=R | g °]
E
| . o 3
40 |
{1 1 T
‘ | | ”l | o 1
AL b AL L)
AN il f kuw'. J\AAJ | | HL’J"JJ il
0 - o W o Y 4
Oct2009 Jul2010 Aug2010 Sep2010 Oct2010 Nov2010 Feb2011 Mar2011 2011 May 2011
01.01.2007 01.01.2008 01.01.2008 “ : ’ * - = e ”
Datum
Quelle: B. Selle Quelle: B. Selle
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I} I I} I
Base flow Visualisation of the Ammer catchment
20
Q
i Qbas
15 4
Ammer Einzugsgebiet:
« groBer Karstspeicher spendet hohen Basisabfluss
—_ i « versiegelten Flachen erzeugen vorzugsweise im
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‘ The Ammer catchment: Geometrical representation (left) Groundwater flow model (including flowpaths to
| groundwater abstraction wells; right). Data visualization by Bilke (2012)
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Step by step Modellierung

¢ Datenaufbereitung: z.B. im Geoinformationssystem (GIS)
-> kurze Einfihrung in ArcGis

* Fallbeispiel
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What is Geographic Information System?
= are software tools for creating, editing, organizing,

analysing and visualizing spatial data and information

- difference to CAD: spatial objects are not only represented

by their geometry but also by their attributes

] Esri is an international supplier of Geographic Information
System (GIS) software - company is headquartered in
Redlands, California, US

= company was founded as Environmental Systems
Research Institute in 1969

. Esri products (particularly ArcGIS Desktop) have 40.7% of

the global market share

Polats of intarest

Largely derived from other govemm ent sources
Poings and polygons

Other Administrative Units

To depict local, regiseual, state and federal datricts
Derived from convus admivstrative units
Polygons

Census administrative units.
To dalineate census unts such a blodks sed tracts
Compiled with la<al governm ent input

Pelygen

Streets aad Addresses

Street network anabysis and address location
Largely derhved from cther govemment sources
Lines foe strets, tables for addresses

Census boundaries

Linework o
Compied and partiady derived from goverment sources
Lines for water, raivoads, transmission, and other

Source: esri.com
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Outline

= GIS
* Features of ArcGIS
» Hydrological analysis with ArcGIS

ﬁ HELMHOLTZ

CENTRE FOR

JECHNISCHE ENVIRONMENTAL
UNIVERSITAT RESEARCH - UFZ

Areas of application

= Cadastre authority: proof of real estate, zoning

= Power supply: documentation of infrastructures

= Military: headquarter management systems, terrain-based navigation (aviation

obstacles)
= marketing
= Tourism: use of infrastructure (eg transport)
= engineer: route planning, environmental impact assessment, land use

planning, civil protection

Medicine: Zoonoses Research, potential hazard

Source: aztux.com Source: gfw-starberg.de

Source: scielo.br
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Open source GIS software

The following open-source desktop GIS projects are reviewed in Steiniger and Bocher (2008/9)

= GRASS GIS - Originally developed by the U.S. Army Corps of Engineers: a complete GIS.

= JUMP GIS / OpenJUMP

= MapWindow GIS — Free desktop application and programming component.

=  QGIS (previously known as Quantum GIS) — Runs on Linux, Unix, Mac OS X and Windows.

=  SAGA GIS (System for Automated Geoscientific Analysis) — A hybrid GIS software. Has a unique Application
Programming Interface (API) and a fast growing set of geoscientific methods, bundled in exchangeable

Module Libraries
Besides these, there are other open source GIS tools:

= Capaware — A C++ 3D GIS Framework with a multiple plugin architecture for geographic graphical analysis
and visualization.

. FalconView — A mapping system created by the Georgia Tech Research Institute for the Windows family of
operating systems. A free, open source version is available.

- Kalypso — Uses Java and GML3. Focuses mainly on numerical simulations in water management.

- TerraView — Handles vector and raster data stored in a relational or geo-relational database, i.e. a frontend for

TerraLib.
=  Whitebox GAT — Transparent GIS software.

Wikipedia.org
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Typical GIS analysis questions

1. Where is? or What is at or near?

. What are the location co-ordinates of feature X or, alternatively, what features occur at location X?

. What other features are near, contained within, intersect, or contain feature X?

2. What locations satisfy certain conditions?

= Example: show all the sites where | may want to build my new house, that are: within 200 m of rivers, at least
100 m from roads, on slopes < 20%, and on northerly-facing aspects.

3. What patterns exist?

. How is one feature distributed relative to another?

4. What trends exist?

. Does the amount, shape, and size of features change from one place to another (spatially) or from one time to
another (temporally)?

5. Network analysis

= What's the shortest (fastest, cheapest) way to get from point A to B?

6. Modeling

= GIS can be used as a modeling platform from which we can simulate the effect of spatial/temporal changes in
one parameter on other parameters.....ie. "what if" scenarios.

= Example: if mean annual precipitation changes by 10 degrees over space or time, how might this affect forest

growth or the distribution of a plant species for an area?

source: oldlearn.lincoln.ac.nz

Key features of ArcGIS

= Spatial Analysis: statistical (frequency, summary statistics) analysis, extract (clip, select, split)
overlay (erase, identify, intersect) and proximity (buffer, multiple ring buffer, near) analysis

= Data Management: support of 70 data formats, record, view and manage metadata, create
and manage geo-data-bases

= Mapping and Visualization: generate maps for presentations, publications; merge data,

perform analytical operations and produce professional maps

Advantages of GIS

= Advantages in long-term storage: no age effects (paper, stone), small space
requirements

= Allow fast expansions of data sets

= Flexible linkage of GIS data with data bases

= Flexible, multifaceted evaluation and analysis options

R R R E—"—"IQYI__—_—

Feature and raster data

Feature data (shape-files)
= feature data represents spatial objects by geometries and linked attribute data
= geometry: either points, polylines or polygons

= each geometry is linked to one or more field in the attribute table

) v W Tiee




Feature and raster data

Raster data
= |nraster data structure, the area of interest is divided up into equal-sized cells or pixels. Each
= cell contains data that is used to represent:
« areal-world feature, or a portion of a feature
« or a spatially-distributed quantity (eg. precipitation, temperature, elevation)
= compared to the vector data structure: raster data structure is not particularly accurate at
representing discrete features
= application of raster data:

« surface data (DEM, interpolation result)

A comparison of raster and vector data structures and how they

represent real-world features. Complex shapes such as

g vector

reality

polygons are better represented with vector data. Note that as

the pixels in the raster layer get smaller (ie. finer resolution or

finer scale), the better they would be at representing complex

features.
(Streit, 2000)
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Sources of GIS data

= ready-to-use-data:
« data from agencies and authorities (hydrological service, geological service,...)
* GIS data on the web

= digitally-collected data
« satellite: remote sensors

» aerial surveys (eg. radar data by plane)
= digitising from hardcopy

» geo-referencing (geographic space)

+ digitising (from paper maps)

File formats

ArcGIS is able to read write files in a number of different formats:

= shapefile: a series of files with a common name and different
extensions (at least .shp, .dbf, .shx) which contain information on
feature data (point, polyline, polygons) = vector data storage format

for storing the location, shape, and attributes of geographic features

= GeoTiff: a common raster format

= imagine file: Erdas Imagine raster format

Source: forums.arcgis.com

Source: geobusiness.cz

Projections and Coordinate Systems

- one of the most crucial concepts to grasp is that of coordinate systems and map
projections
= all GIS input data must be registered to a common coordinate system
map coordinates can be represented in two ways:
= latitude and longitude coordinates - global reference system
= projected coordinates - projection systems
» reference spheroid and datum

» projection system Transverse Mercator = Gauss Kriiger)

i | UTM Zone Numbers
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Universal Transverse Mercator (UTM) Svstem

A picture on a flat surface of the geographic coordinates of features found on the surface of the
Earth (Campbell 1991)




Lessons learned

1. Original files - Don't work from your originals! Save your original GIS layers in a safe
place!

2. Back up! - After doing some work with your data, back them up to the network or
somewhere else that's safe from computer crashes etc.
Save project!

4. Save documents in one directory!

Construct logical database structure!

Source: marsecreview.com
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ArcGIS in Hydrology and Hydrogeology

* Hydrology and Hydrogeology are user of geographical and geological data and land-cover
characteristics
« Need of digital mapping and data referencing to geographical coordinates
» Large basins (environmental changes on planetary scale: climate change)
* Model with distributed parameters
* Remote sensing data for several important parameters of hydrological models (soil
moisture)

* Scale problems

Gridding of spatially distributed data is input data for hydrological models

» this improves the accuracy in modeling (in particular with respect to the spatial distribution of
the output data)

* e.g. interpolation of climate parameters (because it is impossible to measure these
parameters over whole domain): isoline interpolation + weighted averaging, multiple

regression, kriging

Data management: ArcGis

- Data formats (2D)

- Data analysis in ArcGIS

- Conceptual model

- Structural model

- Preprocessing for modelling (parameter, initial conditions, boundaries,....)

- Case Studies

Materials:
Files, tables,.....

Lets start using ArcGIS

Gage and foamumes such a5 &
© Government mapping and rescurce agencies
1 Junctions, netwerk flags, and points o a retwork

+ Drainage aress
Drainage areas estimase wates fow into mvers
« Derived from digeal elevation models

Hydeography

The hydrographic layer in topographic maps

© Mapped by Qovernment mapging spency

Point e, polygon and anaotation for water features.

Channels
+ Mydeaule analysis

= Detived from surface moded or lind wrveying
1 Cross sections and peokles akong & river channel

« Raietall grid estimates flaod ce drought conditions
Derived from combining soi. vegetation.and land use
" Polygon




First impression of ArcGIS
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Creating a depression less DEM

i

Bedore FILL. Afer FILL

The first step in any of the hydrologic modeling tools in ArcGIS is to fill the
elevation grid. You must start with a surface that has no sinks. Sinks are
areas of internal drainage, that is, areas that do not drain out anywhere.
The reason that sinks need to be filled in is because a drainage network is
built that finds the flow path of every cell, eventually off the edge of the
grid. If cells do not drain off the edge of the grid, they may attempt to drain
into each other, which will lead to an endless processing loop.

Looking at a grid in cross-section, here is a simple image of what FILLing

Bators FILL

Aher FILL

Source:
http:// i

llessons/hydrology/

does, either chopping off tall cells or filling in sinks:

Note: this operation is very computer intensive. Only attempt this
operation on a large grid if you are using a fast computer, unless you can
afford to start the process and return after a long stretch of time.

Spatial analyst Tool: Hydrology

Before landscapes can be managed as watersheds, we need to delineate the boundaries of watersheds, so that
we can use a common spatial terminology. Many GIS software applications contain routines to delineate
watershed boundaries, and to perform other hydrologic analyses. This section will describe ArcGIS 's
hydrologic analysis tools. These include tools as watershed delineation, flow accumulation, and flow length.
All of the hydrologic tools in ArcGIS are available only after enabling the Spatial Analyst Extension. The
hydrological tools are accessed through ArcToobox.

Workflow:

Watershed Delineation
Creating a depressionless DEM
Flow direction
Flow accumulation

Watershed outlet points
Delineating watersheds

Automatically delineating watersheds

Calculating flow length

Flow direction

To calculate a drainage network or watersheds, a grid must
exist that is coded for the direction in which each cell in a
surface drains. Flow direction is important in hydrologic
modeling because in order to determine where a landscape
drains, it is necessary to determine the direction of flow for

each cell in the landscape. This is accomplished with the
Calculate Flow Direction menu choice. For every cell in the

g

|

16

128

1

surface grid, the ArcGIS grid processor finds the direction of

steepest downward descent.

!

|

4

2

Flow direction is a focal function. For every 3-x-3 cell
neighborhood, the grid processor stops at the center cell

:

If a cell flows porthward, then i the ouspur grad, the cell in its locarion will have a value of 64

and determines which neighboring cell is lowest. Depending

on the direction of flow, the output grid will have a cell value
at the center cell, as determined by this matrix:

If the direction of flow for a cell is due north, then in the
output grid, that cell's value will be 64. These numbers do
not have any absolute, relative, or ratio meaning, they are
just used as numeric place holders for nominal direction
data values (since grid values are always numeric).

Flow Direction is a choice on the Hydro menu. It should only
be performed on grids that are known to be free of sinks.

snpat £

Ew dizeetien
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Flow accumulation

Flow accumulation is the next step in hydrologic modeling. Watersheds are defined spatially by the
geomorphological property of drainage. In order to generate a drainage network, it is necessary to
determine the ultimate flow path of every cell on the landscape grid. Flow accumulation is used to
generate a drainage network, based on the direction of flow of each cell. By selecting cells with the
greatest accumulated flow, we are able to create a network of high-flow cells. These high-flow cells
should lie on stream channels and at valley bottoms.

Once flow accumulation is calculated, it is customary to identify those cells with high flow. This can be
done with a Map Query or Map Calculation, or simply by altering the classification of the legend. The
display should resemble the vector stream network for the study area.

Higher-flow cells will have a larger value, and in the data frame above, a deeper shade of red.

Here is a display of cells with accumulated flow greater than 5000 cells displayed in red.

Added to the data frame is vector streams. The value of 5000 looks reasonable. Remember that we
are eventually going to identify outlet points, so it is more important that the higher-flow downstream
cells are identified than all the upland streams. Also, you will always find the vector stream network

does not line up perfectly with the DEM-generated flow network, because of the different sources of
these data.
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Stream link
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Flow length
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