Environmentalni modelovani a GIS

Nastroje studia dynamiky a prognozy vyvoje
geosystemu



Proc¢ environmentalni modelovani ?

Jedna v soucasnosti o nejefektivnéjSi nastroj studia chovani
geosystému (zejména ve spolupraci s GIS) — v podstaté experiment
ve virtualni realité bez nutnosti zasaht do realného systému
(odlesnéni, uméla injektaz kontaminantu apod.)

Vyhodou je moznost predikce budouciho chovani téchto systému
(vyuziva se zejména v predpovéedi poCasi, progndze vyvoje klimatu
Ci hydrologickym predpovédim)

Didakticky (vyuka, osvéta v ochrané prirody) a prezenta€ni nastroj
(podpora rozhodovani v krizovém fizeni, Uzemnim planovani apod.)




Zakladni motivace:

,,Potrebujeme informace (vcasné a
dostatecnée kvalitni), abychom
minimalizovali rizika a Skody.“




Co je to environmentalni model ?
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Jedna o specializovany typ software
(programového prostredku), ktery
simuluje chovani urcitého
environmentalniho problemu v
prostorové vymezeném uzemi (mize byt
i cela Zemé) a jeho vybranych
doménach (vodni prostfedi, puda,
vegetace) a jejich kombinacich

Vychazeji z prvnich hydrologickych
modelu (postupné doplriovani
funkcionalit)

Masivnejsimu rozsireni doposud branil
vykon pocitacu (dnes jiz neplati) a
odborna narocnost prace s timto typem
SW (teoretické znalosti, informaticka
zbéhlost uzivatele)
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Pojem ,,model*

yer Streams

Map use Cartography and stream analysis

ta source Government mapping and resource agencies
itation Edges and nodes for streams, polygons for lakes

« Jedna se tedy o abstrakci a
matematické vyjadreni klicovych
vlastnosti prvku zajmové domény
(systemu) - povodi, svahu, vodni
nadrze, troposféry & akt. povrchu,
oceanu.

« Snaha o zachovani kliGovych
prostorovych entit a jejich
vzajemnych vazeb (napr.
hydrograficka sit, bfehovy porost u
vodoteCe, vegetacni kryt apod.).

* Presnost je dana primarné meritkem

. &b gl

wer Hydrographic points

Map use Gage stations on a network and features such as dams
y source Government mapping and resource agencies

Ztation Junctions, network flags, and points on a network

iwyer Drainage areas

ip use Drainage areas estimate water flow into rivers
1 source Derived from digital elevation models

tation Polygon with points at drainage outlets

Layer Hydrography

Map use The hydrographic layer in topographic maps

ta source Mapped by government mapping agency

ntation Point, line, polygon and annotation for water features

Layer Channels

Map use Hydraulic analysis

urce Derived from surface model or land surveying
tation Cross sections and profiles along a river channel

wer Surface terrain

Map use Deriving streams and drainages

urce Digital elevation models

tation TIN surface model or raster with elevations

wyer Rainfall response

Map use Rainfall grid estimates flood or drought conditions

ta source Derived from combining soil, vegetation, and land use
tation Polygon

Layer Digital orthophotography
Map use Map background

Data source Aerial photogrammetry and satellite collection
apresentation Raster

faktorem je zde dostupnost dat).




Percepcni model Konceptualni model

Wararshad OV

Matematicky model
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Zakladni kritéria rozdeleni hydrologickych

Zakladni rozdélent: modelu

A) aspekt poctu dimenzi (X, Y, Z):

> — ustalené/neustalené proudéni v korytech toku (HEC-RAS, MIKE 11)

> — povrchovy odtok a odtok v korytech tokd (HEC-HMS, MIKE SHE, SIMWE,
TOPMODEL, MIKE 21c)

> — podzemni odtok v nasycené zéné (MIKE SHE, MODFLOW, FEFLOW)

B) aspekt distribuce jednotlivych prvki modelu:
> celistvé (angl. lumped models)

> semidistribuované (angl. semidistributed models)
» distribuované (angl. distributed models)

C) aspekt urcitosti / nahodnosti:

» deterministické — ve vstupnich datech nejsou zohlednény prvky

nahodnosti, zanedbava prostorova zavislost veliCin a uvazuje se pouze Casova
zavislost

» stochastické — neurcitost hydrologického jevu, vyznacuji se absenci vazebnosti
mezi pfiCinou a nasledkem hydrologického jevu, fuzzy modelovani atd.

Toto rozdeleni je pouze orientaéni, protoze konkrétni modely (ve smyslu SW) splnuji vice kritérii
a kategorii (napr. model MIKE SHE 1D-3D, semidistribuovany aZz distribuovany apod.).



Celistvy model ~ Semidistribuovany model




Problém distributivhosti modelu x datovych

Celistvy model Semidistribuovany model




Dimenze hydraulickych modelu

Zero-Dimensional

____________________ AT
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Velocity Vectors, One-Dimensional Flow

Velocity Vectors, Two-Dimensional Flow
Figure 3.2 Velocity vectors in one-dimensional and two-dimensional flow.




Numericka reseni & okrajove podminky

at

® Okrajové podminka

@ Pocatecni podminka

O Betfena hodnota v £,

I Postup simulace

a) MKP

b) MKR



Srazkoodtokovy (s-0) proces
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Obecny koncept propojeni GIS a modelu 1

GIS:

analyza a schematizace
povodi

interpolace
hydrometorologickych
dat apod.
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Obecny koncept propojeni GIS a modelu 2

GIS postprocessing: vizualizace 2D & 3D, dalSi uprava parametri povodi

Ko




Typy hydrologickych modelu IV. )
prehled nejznaméjsiho software ve svete av CR

1. MIKE family (DHI - Danish Hydraulics Institute)

2. HEC-HMS (USACE - U.S. Army Corps of Engineers)

3. HEC-RAS (USACE - U.S. Army Corps of Engineers)

4. EPA BASINS (EPA)

5. SWAT (USDA)

6. SAC-SMA Sacramento Soil Moisture Accounting Model (Riverside
Technology Inc.,/NWS)

7. GRASS modules (r.topmodel, r.hydro. CASC2D, r.runoff, r.watershed,

r.fill.dir, r.topidx)
8. TOPMODEL (Beven)
9. WMS 8.0 (GSSHA, HEC, HSPF) (AquaVeo)
10. EPA SWMM (EPA)

Ceska republika:

- AqualLog - CHMU povodi Vitavy a Labe

-  HYDROG — CHMU povodi Odry a Moravy, Povodi Odry
«  MIKE 11 - podniky Povodi, CHMU Brno
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MIKE SHE
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MIKE SHE DH

WATER & ENVIRONMENT

Krom grafickych vystupu (grafy, hydrogramy) disponuje MIKE SHE i moznostmi
produkovat rastrové vystupy, které je pak mozno exportovat do GIS nebo
animovat.
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MIKE SHE DH

WATER & ENVIRONMENT

Fraction of cell area covered by Snow
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File Appearance Visualze  Scripting

DRAW | Clear

| Cancal

J

Automatically render display:

Show features:  |jain features... —llDe:olnonsA —ll

l View method @ eye  center € fynone —t
/‘J 0
Look
n B 4
mxr - g [T height | zexag
. 5 |75782 jE%O
reset |
S

B = B |
perspective [24.0 twist|0.0

Surface Panel |
Current | dem@rbeca New|Dsete
Surface affributes... - Position

Mask zoros: ™ byelevation ™ by color

Draw mode. —-IQoams!m —‘|§Mdn9 —‘|

Resolution:  coarse [30 fine |1 %

Set resolution for: @ currentsurface € all surfaces

DRAW CURRENT Close




SAGA GIS

-G

Soubor Poéita¢ Népovéda

@ D> I/_ (a5 @ sninky

Novy Nastaveni Zobrazit

= Nahled
OpenSUSE 11.4 x86 [Bezi] - Oracle VM VirtualBox

=/a %

E A.‘ ,‘Worksbake ®| olusichal belasdem ‘03' Gradiant Overland Flow - Kinematic Wave I‘)’é @™
Smp *% Modules | & Data @Maps | | 742400 742000 741600 741200 740800 740400 El settings | @ Description
174 - ~lie 1% |[E Data objects
=¥ P @ shapes - Lines i 5 Grids
P @ Shapes - Point Clouds & g 1 Grid system  [not set]
> @ shapes - Point Clouds Viewer >> Elevati [not set]
P @ Shapes - Points o g << Runoff [create]
> @ shapes - Polygons 3 B shapes
> @ shapes - Tools i é > Gauges  [not set]
P @ Shapes - Transects B Tables
> @ simulation - Cellular Automata o S < Flow at Ga [not set]
> @ simulation - Fire Spreading Analysis 8 B options
¥V @ simulation - Hydrology " 12 Simulation Time 24
B erond Flow - inermatic Wave DF) Simulation Time 0,1
* Soil Moisture Content 2 -§ Manning's Rough 0,03
*g TOPMODEL § | B Newton-Raphson
% Water Retention Capacity ) = Max. Iteration 100
¥V @ simulation - Hydrology: IHACRES L Epsilon 0.0001
S ACRES e o |2 ||= precipitation  Homogenous
% IHACRES Calibration (2) é - Thregtiold Ble0
% IHACRES Elevation Bands =
*g IHACRES Elevation Bands Calibration -
% IHACRES Version 1.0 g 2
> @ simulation - Modelling the Human Impa | & "
> @ TIN - Tools e
> @ Table - Calculus i
> @ Table - Tools 3 N
B @ Terrain Analysis - Channels o =
V @ Terrain Analysis - Hydrology =
3 %% Cell Balance U
- | > R T T TR T T T TR T T T T PO T ) ARSI Execufl Load || Save

&®

01] Executing module: Downslope Distance Gradient
:02] Module execution succeeded

Overland Flow - Kinematic Wave D8 740593,32(|\-953839,31: 2

> Vykonny GIS s
primou podporou
environmentalniho
modelovani

» Primarné pro OS
UNIX/Linux, v
soucasnosti i stabilni
verze pro OS
Windows



Testy v extremnim reliefu

Modely SIMWE a TOPMODEL jsou
implementace hydrologickych modelu
v GRASS GIS.

Vypocet je ve srovnani s ostatnimi
prostfedky GIS a numerickych modelu
enormné rychly a platformné nezavisly
— OS Windows, UNIX/Linux.
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SAGA GIS

==

=12l x|

File Modules Map ‘Window ?

= e i
% |mme ? COE&ECHA R TNa p@E
‘Workspace x
B (=[S 1 02. Map B [=[54)| F 106 Map - Ol x|
e Daka -454000 -442000 | -420000 -464000 -448000 -480000 -454000 -448000
El% Grids o o= ¥ = 5 .
=18 25; 1053 2151y; 474442, || | 2 | =N e | S
- 2
. ostravice25 = ¥ :C': # :C': #
, Slope |2 Bl s
. Aspect 7 F F
. Freprocessed DEM 2 2| 2] 2|8 =
. Topographic wetne: || | 2 1 1R —‘% 21 &
. L5-Fackor o = o = o =
2 2
. Catchment Area rg rg rg
& Z &
S IR | 4 M oz -
- Sirnul. Fa| 2 = | 2 =]
TOPMODEL - Simulation Output of = = | e =
] ostrav_1615_2400% e z z
Close =] = =
= = =
Sawe Table
Save Table As.... T T T T T T T T T T T T T T T T T n T T
v Show Table 00 40000 42000 | S000 16000 24000 32000 40000 42000 2000 16000 24000 32000 40000 42000 2000 16000 24000  3Z0OD 40000 4
Show Diagram Iy (] 4
Show Scatterplot " -
rorarmowtin watershed) [matl/dt] | Total low [m/dt]| Subsurface llow [m,/dt] | Mean saturation deficit {in watershed) [m] | Infiltration rate [m/dt] |-ration eucessﬂ
1 27108667000 0,000033 0.000033 0.144112 0.000000
Z 27080,894852 0,000033 0.000033 0.144145 0.000000
3 27053.179564 0,000033 0.000033 0.144177 0.000000
4 27025,520962 0,000033 0.000033 0.144210 0.000000
5 26997,915571 0,000033 0.000033 0.144243 0.000000
5] 26970,373119 0. 000033 0.000033 0.144275 0.000000
T 26942,853534 0. 000033 0.000033 0.144308 0.000000
_DI & 26015,449045 0,000033 0.000033 0.144340 0.000000 —
Tree |—EE Thumbnails I 9 26588.072176 0,000033 0.000033 0.144373 0.000000 'LI
T [P, P Jp— A v aaan o anonon ! ;I
¥ Modules = Data @ Maps | LI [ [¥]
Messages X
=

[2009-11-18/21:26:38] Executing module: TOPMODEL

[2009-11-18/21:26:58] Module execution succeeded

[2009-11-18/21:30:54] Close table: TOPMODEL - Simulation Qutput, . .okay

[2009-11-18/21:30:57] Close table: astrav_1615_2409,,.0kay j

€ General Fﬁ Executionl (17 Errorsl

[ToPMODEL - Simulation OutpuE [ | | |
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HEC-RAS
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Vyhody:

> freeware
» nenarocny na systéemove
prostredky

» moznost kombinace s
HEC-HMS (okrajové
podminkKy atd.)

» napojeni na GIS — pre- a
postprocesing v HEC-
GeoRAS pro ArcView GIS a
ArcGIS

» pokrocilé GUI

» reseni transportu
sedimentu a stability ko




MIKE 11

WATER & ENVIRONMENT

DEd :Te @TW (Qae? o B

1D hydrodynamicky model

Vyhody:
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WATER & ENVIRONMENT
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MIKE 11 GIS D

WATER & ENVIRONMENT
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MIKE FLOOD

MIKE Zero - [mif]
M File Edit Miew Run ‘Window Help

nER| sme|z 2w

o MIKE Flood _ y y y — — — - -
“o of Definition C:4Program Files [<26]50HIWIEEZerohE vamplezMIKE FLOODYF lowDirectionT estum21. k21 _l Edit MIKE 27 input I
Standard/Stucture ¥ |C:\Progriam Files (+861\D HI'MIKE Zera\E xamples\MIKE_FLOODFlowD nectionT estim11.sim1 1 | EditMIKE 11 input |
: Lateral Link Opti...
o Uirbarn Link Dptio.. il _| Edit MIKE UREEN |
o x| €
M21 Coord 1 Link type Coupling | River name / M11 Chainage M21 Area | Ho of M21
type Urban ID Ho. Cells
J K C us DS
1 | 38 1 HFLCAWY=0 1 1
2 32 40 2 YFLCAY=0 1 16
3 33 41 3 Standard(E) HD only branch &5.000 1 1
4 34 42 4 HFLCAWY=0 1 17
5 40 43 5 YFLCAY=0 1 26
5] 41 44 ] Standard(E) HD only branchs 165 .000 1 2




) stonavka.swat - AYSWAT2000 - Blackland Research Center - Yer. 1.0
Eile Edit iew TIheme | EditInput  Simulation Beports  Window Help
Weather Stations

Wite &ll Ctil+B
‘Write Configuration File (.fig) Ctl+C
‘Wite Soil Data [.sol) Ctil+D
‘Wit Weather Generator Data (wgn) ~ Chl+E
‘Wiite Subbasin General Data [.sub) Ctrl+F
‘White HRU General Data [hru) Chil+G
‘Wiite Main Channel Data [.ite) Ctrl+H
‘Write Groundwater Data (.gw) Crl+l
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CtieK
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-
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[ FRsE
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[ wou
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] vRMD
[ warr

SoilClass
B semok

Watershed

Write Management Data (.mgt)
‘Write Soil Chemical Data (.chm] Chrl+L
‘White Pond Data [.pnd] Ctrl+M
Write Stream Water Quality Data [.swa) CtreN

<
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Hydrologicky a dynamicky erozni
model pro ArcView GIS a ArcGIS.

Vyhody:
> freeware

» prace v GIS projektu
» komplexnost modelu
» kvalitni dokumentace

Editlnput  Simulation Eepots Window  Help

DS EE

[<]T]

Weagages
-

| | 5] Microsoft Excel - nomenk...

& start| || stonavka.swat - AVS... @& Window

2| ¥nView - [Browser - C:\L..

Nevyvhody.

> absence API
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[E e
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B et
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Executing year
Executing year
Executing year
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Executing year

TESTTPECTT
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| Chek Input Rangss

& Yealy

Help | Exit | Setup SWAT Run

Y
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SWAT

Povodi RoZznovské Becvy

Modelovani odnosu sedimentu zavérovymi profily subpovodi
Legenda:

‘ Erozni kategorie subpovodi

- Atkualni land-use povodi

- Povodi pokryto lesem
Vodni toky

Erozni kategorie subpovodi:
Kategorie vyjadiuji odnos sedimentl zavérovym profilem
subpovodi v t za rok.

Jsou vyjadreny vyskou sloupce a popisem

kategorie 1. do 1

2.1,1-10

3.10,1 - 100

4.100,1 - 1 000

5.1000,1 - 10 000

6. 10 000,1 - 100 000

7. nad 100 000

http://swatmodel.tamu.edu/software/swat-model



http://swatmodel.tamu.edu/software/swat-model
http://swatmodel.tamu.edu/software/swat-model
http://swatmodel.tamu.edu/software/swat-model

SWAT

Vypocet USLE pro stavajici land cover

Vypoé&et USLE pro povodi
pokryté listnatym lesem

0 2 4km

Zdroj srazkovych dat: CHMU )
Zdroj prostorovych dat: DIBAVOD, VUV Praha

Vypocet dynamického modelu pro stavajici land cover

Modelovany odnos sedimentt
(v tunach z hektaru za rok)

B < o
0.11-1.00
[ ] 101-1000
B = 1001

|| N Tericko

“_  Vodni tok

Vypoéet dynamického
modelu pro povodi
pokryté listnatym lesem

0 2 4km




WMS  AQUAVEO!

@YY OED @ NlUinlam 2 Mes:

» Rozhrani (GUI) a

preprocesor pro s-o a

hydraulické modely

| > Podpora HEC (HEC-1,
HEC-RAS)

» Dale modely GSSHA,
HSPF, TR-55 ad.

» Podpora ESRI shapefile
» Podpora GIS funkcionalit

/BOT R G L L

2zl HE B OO |4 .. [ on -Drtemon



http://www.aquaveo.com/wms
http://www.aquaveo.com/wms
http://www.aquaveo.com/wms
http://www.aquaveo.com/wms
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Plivodni OS platforma: MS DOS 5.0 / MS Windows 3.1 a vysSi
Posledni verze: 9.1. (OS Windows 9x /2000 / XP / Vista/ 7 - x32)

Prof. Milo$ Stary / Hysoft Brno

™HYDROG
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EPA SWMM

n;nf@(wgzit%lﬁb aaaaa = = : S— > Validovany a

; /E/%///%//%/j f A . A rozs’li/’erriyl'7 n;odlel |

e 7 e | urbanni nyadrologie

= L oy

e zdrojovy kéd

— a R — Al T > Pomérné

o B~ komfortni
uzivatelske

o
AutoLengti OF - | Dffeet - Fowlnis CMs - Y ZoomLevel 100% | Xy

i il B
s: Depth Fi 10480.094, 57671124 m
- e I | 1) [ — Il I 3 onag
;| EREIIEIEAE P A ED e

http://www.epa.gov/nrmrl/wswrd/wg/models/swmm/index.htm#Applications



http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm
http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/index.htm

E MIKE Zero - [ECOLabl - Modified]
® File Edit View Window Help

“DL}H|#EE| ? K $|FFwM|wn|

WATER & ENVIRONMENT

Description Transport Value
-——“m—-

[ Pytoprion 3/ Tomspon | Concenvion o1 |01
(2| PN, Phytoplenkton N, g N/m| Transport___|Concentration 3 | mg/
5 [°P,Phytoplankion P, g P/m3| Transport__[ Concentition 3 [mg/ | 0002
[ CH, Chlorophyls,  Chl/m3| Transport [ Concentrsion3 [mgd | 003
5 |2C, Zooplankton €, g O/m3 [ Transport [ Concentation3 [ mg/l | 0103
7 [ON.DetrtusN.gN/im3 [ Trnsport [ Concentistion 3 [mgd | 03]
5|, Inorganic nitrogen, g W/ | Transport [ Concentation 3 [mg/ | 001
10|, norgenic phosphorous,g| Transport [ Concentrtion.3 | mg/
T [00, Disoved amygen, DO/ [ Tansport | Concenraions——Jmgt | 9]
12 5C Moo 9Oz_[Nommpot_[Wospur ke __[ome | 1]

o —
18|55 Mocoslges P, g P/
—
o[ NNEC Rosiedvegsation [ No anepert | Undened [ mmberm2 |31
7| KOOK.depth o NO3penis e warpert [ Undenes————fm | o]
16| SO, Sediment orgonic P,  P| No transport [ Mass per UnitAres [g/m2 | 1]
15| FESP Sediment ron adorpe | No transport | Mass per UnitAves[g/m*2 | 05|
20| S, Sediment phosphte,  P| No ransport | Mass per UnitAres _[g/m*2 | 05|
N T T S 1
2 [S Sedmentsmmoni o [Nowarspor_|Massparhihes gm2 | oa)
gjm2
S|PV Sedment, b o rnsper | Vs per Ut s~ yym2 ]
25| SNIM, Sediment N, immobile] No transport | Mass per UnitAres  [g/m2 | 0]

http://www.mikebydhi.com/Products/ECOLab.aspx
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Nékolik ukazek vystupu na
zaver...




Vysledky hydrodynamickych modelu MIKE 11 a
HEC-RAS

- rekonstrukce” rozlivu 24. ¢ervna 2009 se
zamerenim na soutok Vojtovickeho potoka se
strouhou
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RUSLE - erozni ohrozeni
vybrana plosna protierozni opatreni
yaa
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RUSLE - erozni ohrozeni
vybrana liniova protierozni opatfreni
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Koncentrace sedimentit Pomeér eroze a akumulace
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Vysledky simulaci — fluvialni eroze

Rill Erosion / Deposition
ava [t/ha]
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MIKE 11 — transport sedimentu
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MIKE SHE — povrchovy odtok a transpirace

POVRCHOVY ODTOK TRANSPIRACE vegetace
povodi Ostravice

8 ¥ b op 1 transpirace
; ; mm
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Dekuji za pozornost



mailto:jan.unucka@vsb.cz
mailto:jan.unucka@vsb.cz
mailto:jan.unucka@vsb.cz

