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Geographic Information System

Geodatabase and modelling systems

Decision Support Systems

Spatial multicriteria analysis using Geographic
Information System
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Geodatabase and modelling systems

Decision Support Systems

QQQ

Spatial multicriteria analysis using Geographic
Information System
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Water Resources Overview

- 2 broad categories of water
— Surface water
— Groundwater
- 2 broad categories of water modeling
— Quantity
— Quality

- Today’s focus surface water quantity

HHHHHHHHHHH
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Surface Water Quantity

« How much water Is there?

— Rainfall runoff modeling, a type of hydrologic modeling,
determines for a given storm on a landscape, how
much water will become runoff.

* Where will it go?

— Hydraulic modeling takes the quantity of water and the
shape of the landscape and stream channel and
determines how deep the water will be and what area
it will cover in the event of a flood.
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Hydrologic Modeling

« Goal: Find stream discharge, O, at a location for a
given precipitation.

* GIS is used to summarize terrain and hydrologic
characteristics of the watershed for input to a model.

- Many ways to calculate Q.
— Statistical methods
+ USGS regression equations (NFF, StreamStats)
— “Physical” modeling (rainfall-runoff models)
- HEC-HMS (successor to HEC-1), TR-20, etc.
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Hydrologic Modeling

« Map natural processes onto software tasks

* Aggregate landscape characteristics to simplify
— “Lumped parameter model”

F’rempﬂahon

Evapo
transplrahon

h 4

Land
suﬁace

Water body

|nf\|trat|o n

overland flow
& interflow Stream
channel

baseflow

Groundwater
aquifer

¥
Watershed
discharge
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Hydraulic Modeling

« Goal: to predict water surface elevations for the creation
of flood inundation maps.

— Also velocity, sedimentation, quality

* Input: channel and floodplain geometry with hydraulic
characteristics, plus discharge and initial water surface
level.

« Qutput: water surface elevation at each cross section
and other characteristics.
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GIS Data for Hydrologic and Hydraulic Modeling

Digital Elevation Model
* http://seamless.usgs.gov/
* http://fedna.usgs.gov/
- Watershed boundaries
* http://www.ncgc.nrcs.usda.gov/products/datasets/watershed/
* Hydrography
* http://nhd.usgs.gov/
* Soils
* http://www.ncgc.nrcs.usda.gov/products/datasets/statsgo/
* http://soildatamart.nrcs.usda.gov/
- Landcover
* http://seamless.usgs.gov/
« Current and historic water records
* http://waterdata.usgs.gov/nwis
* http://www.epa.gov/STORET/index.html
- Climate, weather, rainfall
* http://www.ncdc.noaa.gov/oa/ncdc.html
* http://www.nws.noaa.gov/ndfd/
- Channel geometry (cross sections)
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Elevation Data

* Types
— DEM : Digital Elevation Model
— DSM : Digital Surface Model

 Data Structure

— Raster
— TIN

10
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Where do you get DEM data? i

* Sources

— USGS DEM, NED, DTED, ETOPO30, SRTM
— Interpolated from points and lines

— Generated photogrammetrically

— LIiDAR

» Created with interpolation tools
— especially TOPOGRID, TopoToRaster

* What cellsize and accuracy?

— Horizontal and Vertical resolution must be appropriate for the
landscape and scale being modeled.

11
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DEM Construction

« DEM construction issues

— Resolution and extent

— Projection (for hydrology - equal area)

— Source elevation data

— Interpolation techniques (IDW, spline, via TIN)

* Problems with contour input

— Specialized DEM construction software/components (ANUDEM,
TOPOGRID, TopoToRaster)

12
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DEM Construction continued

- Hydrologically correct DEM
— Sinks
* Do not fill in the Great Salt Lake
— Streams in the correct place?

* To burn or not to burn
— Watershed boundaries in the correct place?

* To fence or not to fence

HHHHHHHHHHH
BBBBBB
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Drainage System

Watershed

(Basin, Catchment,
Contributing area)

Watershed Boundaries
(Drainage Divides)

Pour Points
(Outlets)

14
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GIS Tools for Describing Surface Water Movement ™=

\ 4

—> FLOW ACCUMULATION

FLOW DIRECTION — STREAM ORDER

— STREAM LINE

Apply Threshold

— STREAM LINK

DEepPresSIONIESS

|
|
. () I
Are there any sinks? ——> DEN |
Yes » FLOWLENGTH
4, ] -
|
FILL » SNAP POUR |
_— |

v

—> \WWATERSHED
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Flow Direction

78 (7269|7158 (49

74 (67 |56 (49 |46 |50

69 (53 |44 (37|38 |48
ﬁ

64 [958 |55 (22|31 |24 128 128

68 61|47 (21]16 |19

741533411211 |12

Elevation Flow Direction

Direction Coding

16
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Flow Accumulation

0 (0 |0 (O |O (O
0 |1 (1 |2 |2 (O
0 [3 [7 |5 |4 (O
0O [0 [0 |20|0 (1
0O [0 [0 |1 |24(O0
0 [2 [4 |7 [|35](2

Direction Coding
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GIS Tools for Describing Surface Water Movement ™=

\ 4

—> FLOW ACCUMULATION

FLOW DIRECTION — STREAM ORDER

— STREAM LINE

Apply Threshold

— STREAM LINK

[DEPreSSIGNIESS
Are there any sinks? ——
y DEM

Yes
} [

FILL

FLOWLENGTH

A 4

SNAP POUR

| 7--

— WATERSHED

A 4
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Creating Vector Streams
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Value = No Data

StreamToFeature

NET_GRID

RasterToFeature

19
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Stream Link

» Assign a unique value to each stream
segment.

— Can be used as input to Watershed

-

/

20
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Stream Ordering

xl‘ ) JEe

1 2/ 1 2

Ny N
3 17

Strahler Shreve
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Watershed

» Delineate the contributing area to a cell
or group of cells.

22
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ShapPour -

« Snap the “pour point” of a watershed to the cell of highest flow
accumulation within a neighborhood.

— Prevents accidental creation of tiny watersheds on
channel side slopes.

Shap

‘\diAstan ce

Cell you
clicked on

(cell with highest flow accumulation)

23
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Flow Length

 Calculate the length of the upstream
or downstream flow path from each
cell.

24
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DEM Errors — Sinks and Spikes

« Sinks: when sinks are (or are not)
sinks — lakes, depressions, ...
— Global fill
— Dealing with internal basins
— Selective fill
* Depth
* Area

Filled sink

AHMOKPITEIO
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Summarizing Watershed Characteristics- (Zonal Statistics)

- Azone is all the areas/cells with the same value.

« Calculate a statistic within the zones for each cell in a
raster.

 Input zones can be feature or raster.

- Qutput as a raster, summary table, or chart.
— Max flow length per watershed
— Average slope per watershed
— Average curve number per watershed

26
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Zonal Overlay (cont.)
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AHMOKPITEIO

NANENIZTHMIO
BPAKHI

Mean Slope per Watershed
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Q Geographic Information System

Q Decision Support Systems

Spatial multicriteria analysis using Geographic
Information System

AHMOKPITEIO
NANENIZTHMIO
BPAKHI

28



TMHMA NOAITIKQN MHXANIKQN
MMz “AIAXEIPIZH YAPOMETEQPOAOIKQN KATAZTPO®QN”

Geodatabase

Multiuser
GDB

GIS Data in the

Single-User
; Geodatabase (GDB)
 Attribute Table * Raster Catalog
e Feature Class e Topology
¢ Cartographic e Geometric Network
Representation ¢ Network Dataset
* Annotation e Terrain
e Dimension e Locator

 Relationship Class e Survey Dataset
» Raster Dataset * Toolbox

File GDB | =
, I Enterprise GDB
Personal GDB | ] I
Workgroup GDB
=
Desktop GDB |

AHMOKPITEIO
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Geodatabase
Identify users
A
Define users’
—p 2
requirements
Y A
\dentify data | 39'2‘:5?920"/‘
methodology
|
» Design the CDM je—
i
|
i
| v
b | [ Submit and adapt | |
' CDM
A \ 4
Feed DB with Deploy the |
data database schema
______________________ Submit and adapt
DB
y
Use DB in
production

Database
development
steps

Soutter et al., 2009
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Geodatabase

Some successive steps for the structure of a GIS-based

Integrated management tool:

1. Stakeholder analysis. The scope of this first and very
Important step is to identify the stakeholders involved in
water management at the global (river basin and country
wide) and local levels.

2. Assessment of needs This second step should as much as
possible include all identified stakeholders. The assessment is
targeted onto the various stakeholders needs, in terms of
data and functionalities, according to their assignments. It
Includes the definition of the objectives pursued and the
methods used, the list of available data and lacking data
that would be needed to improve the fulfilment of the
assignments, data acquisition priorities, and a list of needed
and/or expected functionalities.

Soutter et al., 2009
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Geodatabase

Some successive steps for the structure of a GIS-based

Integrated management tool:

3. Physical database and data acquisition. The conceptual
data model can be engineered into a physical database (a set
of Interlinked data tables in a database management
software). These tables then need to be filled with data,
acquired by the various usual means.

4. Development of specific GIS functionalities. Depending on
the used GIS software, a large part of the needed
functionalities will be present as part of the set of
fundamental spatial analysis tools included in the software
(visualization, edition, spatial selection, network functions,
etc.). The various, more domain specific functionalities
identified during the assessment of the needs stage, then

needs to be developed and included in the selected GIS

platform.
Soutter et al., 2009
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Watershed Information System S

STUDY AREA

LEGEND

Tunnel
Land Reclamation Karla
Land Reclamation Pinios
g |
| _i Karla_Watershed
|:| Aquifer
Ditches
Wetland
V2

Lake Karla

1

Lake Karla Basin

Area (km?)
Lake Karla Watershed 1161
Lake Karla Aquifer 500
Lake Karla 38
Local Authoritiy of
Land Reclamation of
Pinios 275
Local Authority of Land
Reclamation of Karla 12

0 125 25 5
— w— Kilometers.

Sirrimed, 2013
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Watershed Information System

Collection of the necessary field data (topography, land
uses, meteorology, hydrology, geology-hydrogeology,
water consumption)

Application of the mathematical models (UTHBAL,
UTHRL, LAK3, MODFLOW) for water resources
estimation in Lake Karla watershed

The linking platform of the models is based on the
OpenMI standard

Sirrimed, 2013
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Watershed Information System

- UTHBAL Application

Geomorphological characteristics and
hydrological budget of lowland and highland
for historical period 1960-2002

Legend

—— O Attribute Lowland  Highland

I Highland
% Aquifer

@ Precipitation Stations

Area (km?) 411.68 808.2

Mean Elevation (m) 81.5 521.0

Mean Annual Temperature (°C) 15 12.9

Mean Annual Precipitation (mm) 483.3 737.1

J Mean Annual Potential 832.3 735.8
' Evapotranspiration (mm)

ki Mean Annual Actyal 413.4 423.0
y N Evapotranspiration (mm)

T Mean Annual Recharge (mm) 64 239.1

- Mean Annual Runoff (mm) 59.6 75.0

Aghialos
L ]

Sirrimed, 2013
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Watershed Information System

Mean Annual T = 14.3°C - ~

Oct. Nov.  Dec. Jan. Feb. Mar. Apr.  May  June July  Aug.  Sept.

mm

150
140
130
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100
90
80
70
60
50
40
30
20
10

- P =
Mean Anmual P = 562.9 min

Mean Anmual ETp = 774.8

Oct. Nov. Dec. Jan. Feb. Mar Apr. May June July Aug. Sept
Months

N Legend

LIVADI

@®  Temperature Stations

Pinios River

l:l Thessaly Water District

VAKARION
packouri @
®

SOTIRIO

POLYNERI
®

|\~ FARSALA MRDF _FAREALA HNMS
LEONTITO #

GRAMMATIKO 7T 21
TAVROPOS DAMS_ ]

SKOPIA

0510 20 30 40
e ™ cjlOmeters

Sirrimed, 2013
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Watershed Information System

» UTHRL

The natural surface runoff has been simulated as presented by the
hydrological model

The water transfer from Pinios river has been simulated according to
operation schedule of the pumping station and the conveyance of the
water transfer system.

The net water losses of the reservoir were calculated as the subtraction
of precipitation from evaporation from the reservoir water surface and
the percolation losses.

The reservoir operation model calculates the spillway overflows and
reservoir water storage. The calculated water stages of the reservoir
were used for the calibration of the lake-aquifer interaction LAK3
model.

Calibration of the reservoir operation model (i.e. UTHRL) has not been
performed due to the recent completion of the reservoir works and the
lack of reservoir stage measurements.

Sirrimed, 2013

AHMOKPITEIO
MANEMIITHMIO

37

BPAKHI



TMHMA MOAITIKQN MHXANIKQN
MNZ “AIAXEIPIZH YAPOMETEQPOAOI'IKQN KATAZTPO®QN”

Watershed Information System

AHMOKPITEIO
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» Lake-Aquifer Interaction Model (LAK3)

- The Ilake-aquifer interaction was simulated in transient flow
conditions

- Updating at the end of each time step a water budget for the lake
that is independent of the groundwater budget represented by the

solution for heads in the aquifer.

* Implicit in the calculations of a lake water budget is the
recomputation of current values of lake volume and stage.

« The lake stage is crucial in estimating ground-water seepage to and
from the lake and it estimated from the results of UTHRL model.

« The results estimated the leakage from reservoir to aquifer at 18
hms3/year

Sirrimed, 2013
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Watershed Information System

> The Groundwater Model :

« In MODFLOW, one layer, a grid of 12500 cells, with
its spacing of 200 m x 200 m

« Simulation period 01/1987 — 01/1997

« 25 observations wells for starting heads (01/1987)
and for model calibration (01/1997)

- West Boundary -> Hydraulic contact with a
adjacent aquifer

« [East Boundary - Impermeable because of schist
presence

« Groundwater recharge - UTHBAL
« 7 pumping zones
« Specific storage = 0.02, specific yield = 0.1

« Hydraulic conductivity: Varying spatially - Simple
Kriging

Legend {i}
Bl Reservoir R
@ Observation Wells
= Pumping YWells
— PUmping Zones

Sirrimed, 2013
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Watershed Information System

Results of Groundwater Model

m  Historical Period without - 1987-1997
Renewable aquifer water - 372.9 hm3or mean annual 37.29 hm3
Extracted water from aquifer > 565.3 hm3
Non-Renewable water - 938.2 hm?® or mean annual 93.82 hm3

Simulated vs Observed water level of Lake Karla's aquifer Hyd rau I i C h eéa d co nto urs

s R=0.95

+

= NN WWEs B OOC Gr—
ONONONONoOoON O Nno
{ R ST I | B [N (N LY | S

Observed water level (m)

10 15 20 25 30 35 4C 45 50 55 60 65 70
Simulated water level (m)

Sirrimed, 2013
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Watershed Information System S

The Construction of the Framework

Data incorporation Calibration and

component optimization module |

The UTH-
Modeller

 Automated migration:

Visualization and export 1nt0

module

Sirrimed, 2013
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Watershed Information System

How to migrate models: SDK: Balancing stability and flexibility
)

* Provided by OA

* Rigid release procedure

* Non frequent releases

* Makes components linkable

~ *The OpenMI.Standard interfaces
~ *The OpenMI standard definition
- . *XSD’s

* Provided by OATC

* Flexible release procedures

* Frequent releases

* Makes OpenMI easier

* OATC.SDK targeting models

* Not required

* Components compliant to same
version of the standard can be
linked regardless of which SDK is
used.

Sirrimed, 2013
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Watershed Information System S

Data Interchange

User Interface

OpenMl.Standard

| 1
I ! '
! <'<ILinkabIeComponent>> !

Run Write
=TT _,I' _____________ \: _______
My model ) \
m | \
/ \
/ \
/ \
/ \\
/
Read y GetValues() \\\

GetValues()

Output file
| |

Sirrimed, 2013
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Watershed Information System

UTHBAL

Calculates basin surface runoff and
groundwater recharge

» Model Linking

. The models are linked sequentially to each other in
the OpenMI

pouns
20RJINS UISE(

h 4
UTHRL

Balances the inflows and outflows of

Semi — Distributed application of UTHBAL rescrvoir fo caloulate the spillovay

overflow and reservoir water storage

S[eMEIPIM
uoneiodens
‘S MO[FUT

LAK3

25IBYPAI PMPUNOID

Uses the above inflows, the
evaporation, the withdrawals and
calculates the seepage to
groundwater

Japinbe
0} o5edoog

Flow chart and collaboration of the WIS models

v
MODFLOW

Uses the surface recharge, the
reservoir’s seepage and creates maps
ofhydraulic heads and calculates the

volumetric budget of aquifer.

Sirrimed, 2013 .
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Watershed Information System

Basic components of framework architecture:

« Database Management Component

« Data Migration and XML-Conversion
Component

 Visualization Component
* Model Linking and Interoperability Component

« WIS- Decision System Component

Sirrimed, 2013
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Watershed Information System

The coupling procedure and the architecture of UTHBAL

Read
Allocate
Data

Visual Modflow

Prepare
Input

UTHBAL

Translate

Input from
EXCEL

Setup
tchment Loop

Setup
Variables

Time Loop

OPENMI - Send Deep Infiltration

Calculate
Deep

Sirrimed, 2013
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Solution

EXIT
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Edit/Create Model |—Selscx Existing Modelm Select UBM U th Ba I
Model Data
Create New Madel #
.UBM File
Input Read data
¢ Model Manual Data
Nsme_ Manipulate Model Data Entry
* Location
Impart Data from Excel— S.elect EKFEI
OMI Output File Location
« UBM File
 OMIFile T
= XCH File (Data PR, S
Exchange) Data Import : 1 |
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Watershed Information System
SIGNIFICANT FINDINGS OF WP5

e Almost 90% of Lake Karla water resources are used to cover the
irrigation needs.

e The water balance of Lake Karla Watershed is deficit since mid
‘80s

 The aquifer of Lake Karla is in an over-exploitation status since
this period with the hydraulic drawdowns exceeding 60 m at the
south side of Karla Watershed and the water deficit reaching the
90 hm?3 per year.

* Although the reservoir has not started to operate its contribution
to aquifer’s water balance through leakage is important reaching

about 12 hm?3 per year.
Sirrimed, 2013
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Geographic Information System

C

Geodatabase and modelling systems

@

Spatial multicriteria analysis using Geographic
Information System
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Decision Support Systems

« Whatis a DSS? The classic definition of a DSS provided by
Sprague and Carlson (1982) is “an interactive computer-
based support system that helps decision makers utilize data
and models to solve unstructured problems.”

« A Decision Support System (DSS) iIs an Iintegrated,
Interactive computer system, consisting of analytical tools
and information management capabilities, designed to aid
decision makers in solving relatively large, unstructured water
resource management problems.

 Three main subsystems must be integrated in an interactive
manner in a DSS (Orlob, 1992; Close et al., 2003): (1) a
user-interface for dialog generation and managing the
Interface between the user and the system; (2) a model
management subsystem; and (3) an information

management subsystem. SEPIC. 2004
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Decision Support Systems

Considering this in more detail, DSS architecture consists of

the following components

- Data measurement — the tasks involved in data gathering;

- Data processing — the tasks involved in registration of
measurements into databases and their subsequent
processing, retrieval, and storage;

« Analysis —the models used to infer the state of the system
so that reasonable decision alternatives can be formulated,;

* Decision support —the gathering and merging of
conclusions from knowledge-based and numerical
techniques and the interaction of users with the computer
system through an interactive and graphical user interface.

- Decision implementation — the formulation of actions to be
Implemented in solving a specific problem.

SEPIC, 2004
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Decision Support Systems

Precipitation, Temperature, Humidity, Streamflow
Water Quality, Groundwater, Snow pack;,
Evapotranspiration

Infrastructure control, Institutional
policies & incentives
Warnings, Alarms

Data
Measurement

Decision
Implementation

Decision
Support
SyStem Data
Processing

Decision
Making

Database
Data model
Data display

MCDM
Operating rules
Expert system

Optimization, Warnings
Risk management, Dispute Resolution Rainfall/runoff,
Flooding, Hydraulics, Water Allocation,

Water Pollution, Environmental Flows

Figure 1. Diagram of a general framework for a water resources decision support
system.

SEPIC, 2004

AHMOKPITEIO

MANENIITHMIO
BPAKHI

51



TMHMA MOAITIKQN MHXANIKQN
MnNz “AIAXEIPIZH YAPOMETEQPOAOTITKQN KATAZTPO®QN”

Decision Support Systems

Main fields of Integrated Water and Environmental management
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. ) Indicative
Field Main features - effects Role of measures and BMPs .
literature
) . Forecast, protection, warning, prevention,
Disasters Floods, droughts, pollution . . [10,11]
evaluation, restoration
. . . i Optimising system’s efficiency and performance
System Analysis Management in watershed/ River Basin level T [12]
under specific criteria
Transboundary
waters and water Different demands and precures Balancing interests through fair agreements [13]
rights
) o ) ) Combination and management of surface and
Resources Covering competitive demands with available . .
. groundwater use, water conservation (maximum [14]
Allocation resources ) o
profits, minimum costs)
Water storage Dams, reservoirs (design, operation, hydropower, Different strategies for the optimum performance (15]
works pollution control) and efficiency
o Pipelines (open, closed), pumping stations, Optimum design, operation, pollution control,
Water distribution i ) [16]
networks, diversions damage and leakage control
Wastewater treatment, desalination, tracking Optimum design, performance, protection,
Water quality pollutants, control river-Delta, lakes and wetlands warning, prevention, restoration, control of point [17]

quality, nature-based solutions

and non-point pollution sources

Alamanos et al., 2021
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Main fields of Integrated Water and Environmental management
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Field

Main features - effects

Role of measures and BMPs

Indicative

literature

Soil — Land

Land use and land cover changes, deforestation,

erosion, deposition, desertation

Protection, prevention, evaluation, restoration

(reforestation), Surface Roughening,

[18]

Air — atmosphere

Air pollution, Climate change, extreme weather

conditions

Monitoring, forecast, protection, warning,

prevention, evaluation, restoration

[19]

Biology — Ecology

Stream ecology, ecohydrology, ecological flow,
habitat (fishes, macroinvertables, diatoms), riparian

areas, ecosystems

Monitoring, modelling, fish passages, Retain
riparian vegetation, control of point and non-point

pollution sources

[20-22]

Socio-economic

aspects

Costing, payments, project investments,
Environmental Evaluation, pricing, rights and

shares, distribution

Different policies, alternative ways methods and

applications

[23]

Policy and

Governance

Combining the above into strategies, informing,
education, Public Participation, Collaborative

Modeling

Evaluating alternatives, globally optimum
solutions, planning, legislations, game theory

approaches

[24]

Other cross-disciplinary fields as Ecohydrology, Socio-hydrology, climate change impacts, Water- Energy-Food Nexus etc.
combining the above BMPs and decisions

[25]

Alamanos et al., 2021
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Decision Support Systems
L Atmospheric System
Services
Wind energy Ecosystem Services
Solar energy Surface waters
Rainfall Habitats

Food
Timber

Water purification All environmental

Air quallty re_gulatlon components, linkages
Pollination

Gl et and the respective
Carbon sequestration services provided n
5\7;7;2?12 catchments (adapted
from: the Water
Forum [26])

Geosystem Services
Groundwater
Pollutant attenuation
Aggregates
Minerals
Oil/gas
Geothermal energy
Geo-heritage
Recreation/tourism
Spiritual

Alamanos et al., 2021
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Stages and methods of the Framework for Integrated Land and Landscape
Management (FILLM). Differently coloured blocks refer to stages of the same
(broader) expertise fields.

Stages

Description/Methods-Recommendations

Public engagement

Collaboration with local communities

Awareness raising,.
Sharing knowledge.

Identify key stakeholders.

Identify their issues

and concerns.

Build partnerships.
Conduct public outreach.

Raising awareness and sharing knowledge on the major
problems of the catchment related to the

FILLM’s components.

Local communities and key representatives must be
involved in social and environmental learning and
decision-making by using participatory processes.
Meetings with groups can identify the optimum paths to

achieving both “improvement” and “protection” objectives.

Stakeholders need to see commitment and receive training
in each of the FILLM’s components to understand their
businesses’ interactions and effects.

Going from a “single-profit” to a “team growth” mindset.

Developing a shared vision

Integrated catchment

science and management.

Growth of communities
and environment.
Sustainability.
Cooperation.

The previous stage is a continuous process, so each of the
following ones must be communicated to the public,
accordingly. This stage is a component of the public
engagement.The existing legislation must also be
communicated to clarify under which framework we can
act, or what we would need to modify.

Desk study, including relevant papers

(short reviews).

Scientific support for the meetings:
>Techno-economic background for catchment
and management issues.

>Social background for legislation issues,
stakeholder mapping, grouping and training,
>Support from a respective software to
monitor and assess the groups, opinions and
progress (see next section).

Alamanos et al., 2021
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Stages

Description/Methods-Recommendations

Characterisation at catchment scale

- Integrated monitoring and
modelling, including all
the FILLM’s components.

- Significant pressures and
their impacts.

Characterisation at local scale

- “Downscale” further to
sub-catchments.

- In line with WFD and river
basin management
plans (RBMPs).

Programmes of measures

- Existing measures.
- New measures (BMPs).
- Tests under

various conditions.
= Optimisation considering
spatially targeted measures.
DSS.

This is a multi-disciplinary process and collaboration with
relevant public bodies is mandatory.

Data gathering, developing databases and organising them to
create an integrated catchment inventory is the first and
most important step.

Monitoring processes will need to be initiated

and continued.

Data analysis.

Integrated modelling is essential to understand the system’s
functions, interactions, uncertainties, pressures and
drivers. This must include the natural (environmental)
components, but also the socio-economic

modelling aspect.

With the knowledge of the system’s causes—effects,
local-scale measures will naturally come up and be evaluated.

The integrated modelling of the previous step is the basis.

1. Simulate the existing measures and management actions,
in order to quantify their effects and evaluate them based
on predefined criteria.

2. Examine the mandatory and suggested measures
included in the RBMPs.

3. Develop new possible management options. BMPs can
include nature-based solutions, environmentally friendly
techniques, cost-effective practices and
protection—mitigation options.

4. Test these further using uncertainty analysis and future
conditions (e.g., climate change).

5. Undertake assessments, as required by the Habitats and
Strategic Environmental Assessment Directives,

as appropriate.

6. Optimise the measures based on multi-objective
objective functions, using all the necessary constraints,
considering the spatial distribution.

7. Develop a DSS to rank the measures based on the
predefined integrated criteria—multicriteria

analysis (MCA).

This needs specific tools and the cooperation
of different scientists to combine the FILLM's
components into models (see next section).
>Engineering, meteorology, hydrology,
bio-physical sciences (hydrogeology, soil
science, bio-ecology, hydrochemistry, etc.).
>Socio-economics, environmental economics,
multi-agent modelling, etc.

>Case-specific expertise (e.g., drainage systems,
agronomic science, coastal science, etc.).

Strong modelling skills, holistic understanding
and judgment are required.

>5teps 1, 2 and 4 are a repetition of the
previous stage, under different conditions
(measures = modelling scenarios).

>Steps 3 and 5 can be desk-based interactive
processes with the other steps.

>The last two steps are the most challenging
because they require the setting the of the
optimisation’s objective function and of the
constraints, the manipulation of the data
accordingly and the selection of the best
optimisation method. The criteria of the
MCA must include all the inputs from the
previous steps (stakeholder input,
environmental and economic modelling) and
the most appropriate method must be selected.

Alamanos et al., 2021 °°
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Stages Description/Methods-Recommendations

Policy, Regulations and Incentives Identify possible policy/regulatory gaps.
Develop solid suggestions for modifications, using the results

The scientific support of the proposed

- Move from theory to : : : N _ measures from the techno-economic backgrovund
e o of the previous stagge s models. Their combination with the can be a basis for the social-political science to
practica Hpy cliehtation. nput from the public engagement and vision stages and the provide/modify /approve and support the
3 Cooperative approach. proof that the sufgestzbns are socially acceptable measures and | o A s and
= Continued investment enhance the local economy and environment must be the basis 2 8!
needed. for any change. policy regulations.

Top-down or bottom-up approaches can be used or This stage is subject to each case’s policy, and

combined. Principles such as “public money for public thete are numerous paths for the application
goods” and using “results-based payments” canbe (e.g., from start-ups relevant to implementing
considered as means of achieving the desired outcomes, ~the measures to horizontal measures approaches),

Alamanos et al., 2021
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Stages
Tracking the progress

Inspections.
Continuous monitoring

and modelling.

Meetings with stakeholders.

Flexible and adaptive
manhagement.

Description/Methods-Recommendations

Inspections are an extension of the FILLM’s actions, based
on and considering the characterisation results.

The same can be said with regard to continuous monitoring
and modelling.

The observations regarding each action mustbe
communicated to the stakeholders, thus continuing the

regular meetings.

Flexible management: adjustments and “plan Bs”, if
necessary. For this reason, the whole process may need to
be repeated, but if the meeting routine and the models
exist, there will not be any delays. Having already set the
tools of the previous stages will make the management flexible
and will make it possible to move very quickly to alternative
options, with “known” (simulated) results.

AHMOKPITEIO

MANENIITHMIO
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>Specialised and trained inspectors combine the
backgrounds mentioned in the previous
stages. Communication among scientists is
essential to ensure the “same language”

and scope.

>Use metrics (based on models) to track and
evaluate progress and analyse trends

and outcomes.
>Update the previous stages based on the
observed changes (e.g., models, stakeholders,

etc.) and make the necessary application
adjustments (flexibility).

Alamanos et al., 2021

58



TMHMA MOAITIKQN MHXANIKQN
MnNz “AIAXEIPIZH YAPOMETEQPOAOTITKQN KATAZTPO®QN”

AHMOKPITEIO

Decision Support Systems

Structure of a decision support system (DSS) process. For a more detailed interaction of
sub-systems, see Meire et al. and Loucks and Beek [1,46]

(. i )
Mathematical relations f ] Detine conttnl Fardlles
Schematization - Data collection (inputs) —»{ to express different

. ), 9 policies )
(" Optimization of the ) = ¢
Results' evaluation system's performance Simulation in
(Degision Syt through different  |[€— programming
& policies (BMPs, environment

\ J

\___ scenarios, etc.) /

Alamanos et al., 2021
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Q Geographic Information System
Q Geodatabase and modelling systems
Q Decision Support Systems
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Multicriteria analysis

Multicriteria analysis (MCA) represents a structured
approach used to analyze overall possible alternatives and
preferences and evaluate them under different criteria at
the same time.

Some common MCA approaches are:

MAUT (Multi-Attribute Utility Theory)

AHP (Analytic Hierarchic Process)

FAHP (Fuzzy Analytic Hierarchic Process)

ELECTRE I (ELimination Et Choix Traduisant la REalité
— ELimination and Choice Expressing REality)

TOPSIS (Technique for Order of Preference by
Similarity to Ideal Solution)

W e

Ol
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Multicriteria analysis
1. MAUT (Multi-Attribute Utility Theory)

MAUT is based on Utility Theory, a fundamental of the
theoretical development and practical implementation of
MCA. MAUT became the most indicative example of using
utility functions.

2. AHP (Analytical Hierarchic Process)

AHP which classifies the alternative solutions in a way that
ranks them by assigning and distributing weights of
significance of the defined criteria. The decision makers
can characterize a specific comparison as ‘equal’,
‘marginally strong’, ‘very strong’, and ‘extremely strong'.
The degree of randomness of the answers is expressed by
the Consistency Ratio (C.R), which has to be smaller than
10%.

Alamanos et al., 2018
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Multicriteria analysis

AHMOKPITEIO
HHHHHHHHHHH

AHP

o : Values for
Linguistic scale for Intensity of 5
. . reciprocal
importance imprortance

scale

Equally important 1 1
Intermediate 1 2 1/2
Moderately 3 1/3
important
Intermediate?2 4 1/4
Important 5 1/5
Intermediate 3 6 1/6
Very important Z 1/7
Intermediate 4 8 1/8
Absolutely important 9 1/9

3. FAHP (Fuzzy Analytical Hierarchic Process)
Fuzzy AHP is based on the AHP method but the intensity of
Importance is fuzzified using several fuzzy memberships,

e.g.:

1. Triangular membership (most common one)

2. Trapezoidal membership

Alamanos et al., 2018 &3
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Multicriteria analysis
4. ELECTRE | (ELimination Et Choix Traduisant la REalité
— ELimination and Choice Expressing REality)
The methodology of ELECTRE wuses a series of
comparisons between the alternatives. The superiority
(outranking) relation is a mathematical expression that
represents the decision maker’s preferences.
5. TOPSIS (Technique for Order of Preference by
Similarity to Ideal Solution)

TOPSIS method is a simpler and easier-to-use alternative
method to ELECTRE.

Alamanos et al., 2018
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Multicriteria analysis

Characteristics and description of each method

MCA

Method Theory Weightings Description

The alternatives are ranked according
to the sum product of the
performances of the alternatives to the
respective weights

The alternatives are
MAUT Utility Theory evaluated under each
sub-criterion.

Linear algebra is used to extract the

Comparingevery paitof overall score for each alternative. The

Hierarchical iteri d th '
AHP P AU crietia, and ENeVEIY PAIL alternatives are ranked in descending
Theory of alternatives, under each ; o
T order of the resulting priority values,
criterion. -y i, e
i.e., in order of suitability.
Qutranking relations are formed to
Scores of importance for represent the preferences of the

ELECTREI  Outranking Theory each criterion respondents, through pairwise

comparisons of the alternatives.

The alternatives are ordered between
the best and the worst solution, based
Classification Scores of importance for on the distances of their respective
Theory each criterion performances. A closeness index
expresses each alternative’s similarity
to the optimal solution.

TOPSIS

Alamanos et al., 2018 .



TMHMA MOAITIKQN MHXANIKQN
MNZ “AIAXEIPIZH YAPOMETEQPOAOI'IKQN KATAZTPO®QN”

Multi-criteria analysis framework for potential flood
prone areas

* to evaluate the ability of using multi-criteria analysis and GIS to
identify potential flood prone areas

* to use geomorphological, topographical and land use indices for
potential flood inundation areas identification and mapping

* to develop an objective GIS-based spatial multi-criteria evaluation
framework for identification of potential flood prone areas.

+ to demonstrate the methodology for Xerias watershed, Greece

Papaioannou, et al, 2015 .,
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Study Area Papaioannou, et al, 2015

Legend wj’_E
*

Xerias River a)
- City of Volos

: Xerias River Basin
Digital Elevation Model
Elevation

High : 1600

3

Low : 0

o~
)

W
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Criteria
Selection
CR

\ +
- AHP analysis FAHP analysis Normalization

of criteria

h 4

Boolean Boolean
Algebra with Algebra with
AHP Weights FAHP Weights

v

v

& v +
Natural Brakes ‘ K-means | | FCM | I GMMC | I CLARA |

| |

Final Flood
prone area
maps

Validation with historical
flood data and Hydraulic
simulations

Papaioannou, et al, 2015 .
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AHP analysis}oE?AHP analysis

Criteria
Selection
Classification
of criteria
CR J ¥ v ¥ v
Natural K-means FCM GMMC CLARA
Breaks

Classified
l criteria
A 4
Boolean Boolean
Algebra with Algebra with
AHP Weights FAHP Weights
| ,
Natural Breaks K-means

I

Final Flood
prone area

maps

Validation with historical
flood data and Hydraulic
simulations

Papaioannou, et al, 2015
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Based on preliminary independency analysis through correlation matrix
analysis. Ten (10) criteria out of 32 were selected.
The selected criteria are:

DEM

Slope

Normalized values

-High:1

Fl Horizontal
ow ) Overland Flow
Accumulation Di
1stance

Papaioannou, et al, 2015 .
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Criteria ldentification

Topographic
Position Index

Overland Flow

Wetness Index
Distance

l

Modified

Curve Number Fournier Index

Papaioannou, et al, 2015 L
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Criteria — Aspect (Xerias Watershed)

Flood-prone
areas classes

- Very Low
- Lowy
[ | Moderate
[ High
- Very High

Papaioannou, et al, 2015 .
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Results
Pairwise Comparison Table (Multi-Criteria Analysis)

» The pairwise comparison table were completed by 9 experts in the
field of hydrology.

» Their results normalized and examined with the Consistency Ratio
(CR). In this study, 10 criteria were used and the consistency ratio
should be less than 10%.

> In AHP method the experts modified their pairwise comparison tables
until their CR decrease less than 10% which is the approved ratio.
Consistency Ratio of FAHP was also less than 10% for the final
selected tables.

The final selected weights stem from one pairwise comparison table of
an expert and referred as “Expert Knowledge” and the median of all the
pairwise comparison matrices referred as “Group of Experts”.

Papaioannou, et al, 2015 .
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Multi-Criteria Analysis (AHP and FAHP relative weights of th e
criteria)

Flow
DEM Slope Aspect N HOFD VOFD TPI WI CN MFI CR
CC.
AHP Expert
0.03 0.09 0.02 0.14 0.13 0.05 0.07 0.25 0.20 0.02 4.3%
Knowledge
AHP Group
0.03 0.11 0.02 0.15 0.08 0.07 0.08 0.26 0.17 0.03 4.3%
of experts
FAHP
Expert 0.00 0.09 0.00 0.18 0.14 0.00 0.02 0.31 0.26 0.00 6.7%
Knowledge
FAHP
Group of 0.00 0.13 0.00 0.19 0.05 0.03 0.06 0.32 0.22 0.00 6.8%
experts

Papaioannou, et al, 2015 .
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Final Maps of Potential Flood Prone Areas R

AHP - Group of Experts - 1st approach  FAHP - Group of Experts - 1st approach

Natural Breaks

K-mean euc.

Natural Breaks

K-mean euc.

K-mean cit.

CLARA

Legend Legend

[ valiation Area [ vatidation Area

I very Low I very Low

I cow [ Low
Moderate Moderate

E High E High

I very High B Very High

Papaioannou, et al, 2015
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Validation (Classes participation % on validation area)

st
AHP Expert Knowledge 1 ApproaCh AHP Group of Experts

100% 100%
80%

60%

80%
60%

40% 40%
20% 20%
0% 0%
Natural K-mean K-mean FCM GMMC CLARA Natural K-mean K-mean FCM GMMC CLARA
Breaks euc. cit. m Moderate| Breaks euc. cit.
m High
FAHP Expert Knowledge = Very High FAHP Group of Experts
100% 100%
80% 80% —
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Concluding Remarks

* An objective GIS-based spatial multi-criteria evaluation framework
has been developed and applied at catchment scale for the mapping
of potential flood prone areas.

— 1st Approach-Normalized criteria

— K-means cit. and CLARA clustering techniques
— AHP

— Group of experts

— 10 proposed indexes

Papaioannou, et al, 2015 .
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A framework to assess wetlands' potential as Nature-
based Solutions

« What are Nature based Solutions (NbS)? - Focus on Ireland

« Wetlands as a promising NbS

« Ecosystem Services

« Current situation and practices

« How to evaluate the performance of wetlands for different services?

* Presentation of a tool to achieve this with an easy, user-friendly, and
low-cost way

« Conclusions - generalisation

Alamanos & Papaioannou, et al, 2020 78
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Nature-based solutions (NbS)

NbS are actions that involve the protection, restoration or management of
natural and semi-natural ecosystems;

« working with nature to address societal challenges, providing benefits for both
human well-being and biodiversity

pn @‘EBL&TBE NEEL{OEDL Op
REN Veag &S
N 7y 4’)

* Plethora of Ecosystem
Services (ES)

 From NbS we can derive a
plethora of ES - direct and
indirect benefits

& <
OpjveRS Alamanos & Papaioannou, et al, 2020

https://www.naturebasedsolutionsinitiative.org/what-are-nature-based-solutions/
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NbS in Ireland o
‘ gOV. ie Departments  Consultations  Publicatio
NbS received extra support in
ublication the recent publication of the
. . Climate Action and Low
Climate Action and Low Carbon
Devel t(A d t) Bill Carbon Development
cvelopmen mendmen ' (Amendment) Bill in Ireland
2020
From Department of the Environment, Climate and Communications
oot pmtcd on 11 Jansary 2021 It allows funding for climate
action to be granted for
Thel;i!imate. Actiofr: an.dILi).w Cirbon Divelopmlent (tAmendn:ent] Ei” Tts an prOJeCtS th a‘t “Support prOJeCtS
resilient anpd climateieutral e:conomy by 2(1;50. ! that Seek tO InCI’ease the
The Programme for Government commits to a 7% average yearly reduction in removal Of g Freen hOUSE gaS,
overall greenhouse gas emissions over the next decade, and to achieving net .
zero emissions by 2050. This Bill will drive implementation of a suite of policies partlcu Iarly natu re-based
to help us achieve this goal. SO|UtI0nS that enhance
biodiversity”
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What do we want from a NbS?

Another definition of NbS:

“Solutions that are inspired and supported by nature, which are cost-
effective, simultaneously provide environmental, social and economic
benefits and help build resilience.

Such solutions bring more, and more diverse, nature and natural features
and processes into cities, landscapes and seascapes, through locally
adapted, resource-efficient and systemic interventions.”

Questions:

 How to use them right to achieve the sustainable management and the
resilient systems?

« What measures and works can we make to derive all these benefits?

Alamanos & Papaioannou, et al, 2020

https://ec.europa.eu/info/research-and-innovation/research-area/environment/nature-based-solutions en g1
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Wetlands/ Peatlands

* 1.46 million ha of peat soils (1/5 of land area)
* <15% is protected

* 25% state-owned:
333,000 ha Coilite; 80,000 ha Bord na Ména; 42,000 ha NPWS

Figqure 1: Estimates of area of peatland in
Ireiland  under  major land use
classifications.

The state of Irish peatlands

* Most peatlands (82 %) are drained and
utilised for other purposes
* Few extraction sites have been rewetted

* It is unknown how much peatland used for
forestry and agriculture has been rewetted

* Only 18% of peatlands are considered to
be of conservation value

* Only a small proportion of these have been
rewetted and restored

* Rewetting combined with other
restoration techniques (e.g. reseeding
or transplanting of essential peatland
species) can speed up revegetation and
improvements in water quality.

Peatlands = a type of wetlands (peat soils)

ES = highest Carbon storage capacity, climate change mitigation,
stormwater retention, nutrient filtering, climate stability, flora and fauna,
soil improvement, timber, raw materials, habitats, culture, etc.

Alamanos & Papaioannou, et al, 2020
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Significant wetland loss in Ireland the last decades
* limited or no solid broader management and planning, because of the
lack of the specific knowledge required to estimate their Ecosystem
Services (ES) potential
« Conservationists support the rewetting of peatlands/wetlands, but still
we cannot quantify the benefits

To consider wetlands as Nature-based solutions (NbS), policymakers need

to know their effectiveness on the ES of interest.

* Technical solutions’” performances can be easily known from their
design studies (e.g. water treatment ability, retention ponds capacity,
etc.).

« With wetlands this cannot be the case because their performance
depends on various factors (physical, geomorphological, hydrological,
climatological, vegetation, soil, surrounding land uses, inflows, initial
concentrations, connectivity with other water bodies, infiltration, etc.).

Subsequently, it is tough to compare them with other technical solutions
on the same basis and with equal certainty.
Alamanos & Papaioannou, et al, 2020 83
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Research question e

Provide a tool for the estimation of wetlands’ effectiveness:

e fast,

e cost-free,

 easy and user-friendly, built on simple and well-known tools,

 considering most of the factors that determine it (depending each ES studied),

* in order to provide policymakers with more info on such NbS, and make the
comparison of alternative options fairer.

A novel approach, based on classic techniques:

* Geographic Information Systems (GIS) are used to map the factors that
affect wetlands’ effectiveness (criteria),

« combined with Multi-Criteria Analysis (MCA) (to assign weights to those
criteria)) and produce a map with classified wetland potential
performances on the ES of interest

« Catchment scale (compatibility)

Alamanos & Papaioannou, et al, 2020 84
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Conceptual flowchart Areree

BPAKHI

Select the ES for which List all the factors that | | Group these factors into Collect spatial data

the NbS's effectiveness affect. the NbS's categories to reduce the (raste;' fi:es) for one or
needs to be estimated functions to perform computational effort more factors covering
that ES these categories

[ Normalization and scores: these data
(criteria) must have common units, so

ot . normalize them in a common scale (e.g.
these criteria, depending on 0-1). 0=for lower and 1=for higher

how much each one affects performance of the NbS on the studied
| the NbS's performace ) L ES

[ MCA model to assign

weights of importance to Correlation tests to

remove ""double-
counting' criteria

y

n

Synthesize the spatial
data (criteria) according
to the MCA weights to
produce a final map of
NbS's effectiveness
Laccross the catchment |

Alamanos & Papaioannou, et al, 2020 85



TMHMA MOAITIKQN MHXANIKQN
MMZ “AIAXEIPIZH YAPOMETEQPOAOIIKQN KATAZTPO®QN” Conceptual flowchart

D

AHMOKPITEIO
MANEMIITHMIO
BPAKHI

Select the ES for which List all the fac'tors that Group these factors into Colltect ;ll)am;_l data
the NbS's effectiveness affect the NbS's categories to reduce the (raster files) for one or

needs to be estimated functions to perform computational effort

more factors covering
that ES

f these categories

Normalization and scores: these data

these ¢

the Nb

MCA model to assi
weights of imporjfnce to

(criteria) must have common units, so
remove "double- normalize them in a common scale (e.g.
pending on counting" criteria 0-1). O=for lower and 1=for higher

one affects performance of the NbS on the studied

Correlation tests to

riteria,

All those factors used |NbS's effectiveness
in the past to support \accross the catchment

[Synthesize the spatial
data (criteria) according
to the MCA weights to

produce a final map of

S'sferformace ES , )

e.g. high slopes = lower water
umulation, so if we want
ter retention, this will be

effectiveness low (towar

estimates, those that ~ Categories such as:

make estimations -Land-use criteria,

difficult, make each -Soil and vegetation criteria, AHP works well with

Stu(fy Case'iPeCiﬁCr -Climatic criteria, 5-10 criteria and can

and prevent more -Landscape/topograph use qualitative

general assessment, Criteria p / p g p y Comparisons among
-etc them

All the above must be according to the literature and the expert’s
judgement Alamanos & Papaioannou, et al, 2020 8
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Case Study Application e
Grand River Watershed, Ontario, Canada
 Faces intense wetland loss (conversion to more profitable farmland)
+ Legislations for reducing phosphorus (P) concentration from surface waters
(Grand River flows into Lake Erie - eutrophication, reduce P by 40%)
* Wetlands as a NbS to reduce P

How efficient they are? Where must we protect them and where we can replace
them with farmland?

Legend
[ Grand River Watershed
DEM 5m

Elevation (m)
High : 542

Legend
Grand River Land

= Temperate or sub-polar
needleleaf forest

= Temperate or sub-polar
broadleaf deciduous forest

I Mixed Forest

] Temperate or sub-polar
shrubland

) Temperate or sub-polar
]

Low:173

I Wetland

[ Cropland

Barren

B Urban and built-up
N Water

Alamanos &
Papaioannou
, et al, 2020
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Case Study Application
ES = Efficiency for P filtering

Catchment scale: wetlands are parts of a wider ecosystem that functions in a
coupled and interactive way with nature’s and human’s activities

Listing the factors/ Grouping them into categories:

* Land-use criteria: surrounding land uses majorly affect its performance,
inflows' quantity and quality.

+ Soil and vegetation criteria: soil type, vegetation type and density result in
different nutrient-absorbing capacities.

« Climatic criteria: temperature, precipitation, sunny hours, ice coverage, etc.
Meteorological factors affect the speed of the processes and the response of
other factors (such as soil and vegetation).

* Landscape/topography criteria: DEM-related parameters which allow the
calculation of slope, aspect, Topographic Position Index (TPI), Topographic
Wetness Index (TWI), overland flow distance, etc. These factors show the
water concentration inside the watershed, topographic features, and are
important elements to consider for wetlands acting as sources or sinks of
nutrients. Also, flow rates and accumulation (or the time that phosphorus stay
in the wetland) can be indirectly addressed.

Alamanos & Papaioannou, et al, 2020 88
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Final set of criteria - Normalization & scoring

(0-1, low-high scale)
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Final set of criteria with spatial data (data availability & correlation tests):
Land Cover, Soil Type for Soil, Temperature, Slope, TPI and TWI.

Legend

Tand Uses

eff.scale ~ average
exports per land use

e eff.scale ~ perviousness
wiw . low= poorly drained

. high=r G 1 dly drained

ot T-gradient for spatial T
(s)low eff.=low T

Value
o THgh:1

.lavuo

B) : O)
w_ » » w ) uL W » 0 - © ™ 1
Alamanos & Papaioannou, et al, 2020 89
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Final set of criteria - Normalization & scoring
(0-1, low-high scale)
» small number of criteria makes the computational process simpler
 avoids double-effects on the evaluation process since they stand for different

drivers Alamanos &
* all of them are in agreement with other studies Papaioannou, et
al, 2020
m | high TWI =higheff. 3™ high TPI = low eff. s |high sl. = high eff.
o Tigh 11 o High: 1
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Case Study Application

MCA model - How important is each layer (criterion)?

AHP - pairwise comparisons 6x6 matrix (Table 1) -

The right principal eigenvector was calculated for the

matrix
Synthesis of preferences determines which criterion
has the higher priority and effect on the estimated
result (consistency)
Through the comparison relations the criteria were
weighted (aij), for each map (wj) (Table 2)
A spatial value occurred for each grid’s cell, i.e. the
potential effectiveness (i)

(raster calculator- GIS) >

Table 1. Example of AHP pairwise comparison using the Saaty scale.

Temperature TWI TPI Slope Soil type Land uses
Temperature 1 2 1/6 3 1/6 17
TWI 12 1 /7 1 17 1/8
TPI 6 7 1 7 12 1/3
Slope 1/3 1 /7 1 1/8 19
Soil type 6 7 2 8 1 1/3
Land uses 7 8 3 9 3 1

Table 2. Relative weights of the criteria, R.I, and C.R., as resulted from the AHP.
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A.ﬂ HF
J=1

Legend N
AHP \ W = .
Classes of effective reCin, S
wetlands for nutrient Yy 'R S

S
filtering =
. Low B, 3

Moderate
N High

Randomness Consistency

Priority Vector Index (RI)  Ratio (C.R.)
o Soil S
Criteria Temperature TWI TPI Slope type Land uses  Criterian=6 CR=7.72%
Weights 0.06 003 020 003 025 0.42 RI=1.24

Alamanos & Papaioannou, et al, 2020
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Validation ranenTTNG

Legend ~ N Legend
Phosphorus (P) actual \ A ] AHP
concentrations

‘W'

DR Classes of effective

Bl Low & ? s wetlands for nutrient
Moderate N filtering
B High ' H A .\\7 . I ow
; = [ Moderate . . .
* o g Indirect validation

(e.g. nutrient filtering
compared with
nutrients modelled
concentrations or
estimated exports)

OR
Direct validation (e.g. storm-water retention compared with modelled floodplains)

Alamanos & Papaioannou, et al, 2020 92
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Conclusions

* Operational tool - it can be applied for any ES and similar problems on the
identification of potential areas
preliminary estimator to detect locations of interest

* Objective & scientific logic to represent the “experts” judgement” process

» Easy and user-friendly tool: GIS/ or GIS + MS Excel/ or GIS + coding
* Cost-free + easy data manipulation
* Promotes the creation of spatial databases

Future research: quantity the ES through modelling
* e.g. flood or SWAT model = both are compatible with GIS = allows model-
building expansion

* Quantification = validation = fairer comparisons of NbS with technical ones

Alamanos & Papaioannou, et al, 2020 93
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Thank you for your attention
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