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Ecosystem service
assessment for water
management

The integration of ES approaches in
the Water Framework Directive
(WFD) implementation is
recognised a significant challenge
(Vlachopoulou et al., 2014;
Voulvoulis et al., 2017; Carvalho et

al., 2019)
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COMPLEMENTARY PROJECTS

RBMP LIFE
Project given top
EU-MED
endorsement

The Union for the Mediterranean has given its
endorsement to Malta's LIFE-IP Water Project
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Ecosystem Management Human System

Conceptual
PoMs
Framework )
The development of River Basin £ 8
Management Plans (RBMP) under 5

the WEFD is.an .aCtuaI si'guation Ecological Status & Pressures < Drivers
where territorial planning for water
management is needed, and where

the concept of ecosystem services Eoo - .
COU|d be adapted to recognise the ‘:;'-é g Structure —» Functioning —>» Services —» Benefits —» Value
multifunctionality Of water bOdiES § L Ecosystem Ecological Regulating Socio-economic Relative
and account for the benefits people properties integrity Provisioning  Well-being  importance
receive from nature. Supporting

Cultural
Literature review evaluating how ES Capacity Flows
approaches in water management,
and the implementation of river (Source: Giakoumis and Vosulvoulis, 2018)

basin management plans (RBMP
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Literature review

Number of publications

2005 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year
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Literature review

Groundwater

Lakes

Coastal & Marine
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Literature review

Number of publications

2005 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year

=@={Criginal ==®=Review

15 20 25
Number of publications

Non-Economic Values and Benefits
Groundwater

ES Interactions

Lakes
Biophysical Structure & Function
Coastal & Marine Stakeholders

Impact of Management on Biodiversity/ES

Theme

Various

Assessing Biodiversity/ES

Transitional _ . .
Economic Valuation
. A4 A privers & Pressures

Management/Policy Responses
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Ecosystem assessment ‘

in water catchments

Aims: To develop and implement a

methodology for ecosystem service

assessment in key water catchments that can ’Sﬂm
be used to support the implementation of J" S

the 2nd Water Catchment Management Plan
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Conceptual Framework

e Land cover

e Hydromorphol
ogical changes

.
RN
/ \ ECOSTACK
INNOVATIONS
' LIMITED

e Groundwater
recharge;

e surface
occupied by
freshwater
bodies

e \Water
abstraction
per sector

¢ Nitrogen
retention/rem
oved

Benefit

e Cost of water
per sector
e Avoided water

treatement
cost
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Assessing
Ecosystem
Condition in

Water
Catchments

Ecosystem Condition Indicator

a)

g)

h)

Land take in water
catchment

Ecosystem Land Cover
Alien or Invasive Species
along the watercourse
Ecological Status of the
riparian habitat (based on
habitat structure; habitat
function; habitat
restoration)

Protected area
designation
Hydromorphological
changes

Presence of artificial
barriers

Presence of reservoirs

% OR Km?
% OR channel length
Number/Km

Number OR m? OR m?

Method

Spatial Analysis
Spatial Analysis
Fieldwork and Spatial
Analysis

Fieldwork and Desk
Research

Spatial Analysis
Fieldwork
Fieldwork

Fieldwork
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Source/Key
reference

PA, ERA

PA, ERA
ERA

™

ERA
TM, ERA
™

™, WSC




Land Cover Category

(a)

[T AvandonediDegraded Arable

[ Airport
[ Avsbietand
||

.

ed forest

i
il

=

Bare rock/Rocky Steppe
Discontinuous urban
industriallCommercial
Permanent Crops

Degraded semi-natural
Pol

Continuous Urban
Mineral extraction
Read network
Sport & Leisure

. Beaches/Dunes/Sand Plains
Green urban

| Cconstruction

Steppe & Garrigue

walweH bieHy

0zog) Jeb

wejeq

Jowoys

eluyeg

unpue|g

0z09) ellemq

uleys-ii paipm

Jobuoz

eufsus)

uejdes-bequaz

0209 1pusi

ensin

uuuy Jues

[eseyn

g

0s

FI

[=1

oy og oz

(wy'bs) eary JanoD pue

(=1

(b)

o

o'l

S.0 050 G20
BalY JUBWYDIED/IBA0D) pUET

(=1

00

walweH biey

0zo9) uebp

wejeq

Jowoys

eluyeg

unpue|g

0z09) ellema

uleys-| paip

1obuoz

eulsug

uejdeg-bequez

0209 IpusiX

ensin

uluuy Jues

[aseyo

1gy

Ecosystem Condition




Ecosystem Condition

Habitat Area (sq. m)

500000 750000 1000000

250000

0

Riparian Habitat Type
Cliffs Pavements - Outcrops
Garrigue and Riverine Fen
Habitat complexes
Littoral and Grassland steppe
Maquis and Brushes
Water related assemblages

Woodland

Kbir
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Catchment

Habitat Area

Habitat Area

Habitat Area
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0.25

(a) Habitat Structure

0.00

0.25 0.50 0.75 1.00

0.00

0.25 0.50 0.75 1.00

0.00

Riparian Habitat Structure
I: excellent structure
II: structure well conserved

ll: average or partially degraded structure

Riparian Habitat Function
I: excellent prospects
II: good prospects

lll: average or unfavourable prospects
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(c) Habitat Restoration Capacity
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Riparian Habitat Restoration Capacity
|: restoration easy
II: restoration possible with an average effort

llI: restoration difficult or impossible



Ecosystem Indicator | Units | Source/Key

AS SESSIN g | Service | | reference
e : Cultivated crops a) Crop area - Km? LPIS
Provisioning
" Reared animals .b) Livestock Density . Livestock/Km? ‘NSO
ECOSySte m and their outputs
S ervices Surface water for 'c) Number of reservoirs OR water | Dimensionless | Fieldwork, NSO, EWA,
non-drinking storage capacity (m?) ORm? WSC
purposes
Groundwater for ‘d) Infiltration rates | mm/h | EWA
drinking and non-
~ drinking . | ‘
Groundwater for e) Freshwater abstracted within m?/year ' NSO, WSC, EWA
non-drinking water catchment (non-drinking
. use) | |
Groundwater for Freshwater abstracted within m?3/year | NSO, WSC, EWA
drinking water catchment (drinking use)

' I N I'\I')RA
l\UI [ |
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Provisioning Ecosystem Services

Catchment Sum of Crop Area Annual Crop Production (€)
£ rabe Lo 0.837 €157,257.35
==kl 0.110 €20,747.33
—poA Dalam | 1.456 €273,356.26
il 1.582 €296,977.99

el Ghasel | 20.166 €3,786,744.92
|l Ghomor 0.369 €69,356.99

Gnejna | 2.900 €544,501.70

0.083 €15,494.42

Kbir | 21.046 €3,951,840.76
|Mistra | 1.508 €283,137.98
" ARl santAntnin | 4.183 €785,452.33

1.753 €329,152.09

2.379 €446,704.62

Zembag- 2.303 €432,374.92

Zonqor | 2.933 €550,726.58

63.608 €11,943,826.25
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Ecosystem Indicator Units Source/Key

. Service reference
AS S e S S | n g Mass stabilisation |f) Cover management (C- ' Dimensionless Sultana (2615);
and control of factor) Panagos et al.
Regulatlng erosion rates | . ' (2015a)
g) Soil loss per unit area t ha'year™ Sultana (2015)
Panagos et al.
Ecosystem | | (20156}
. h) Density of rubble walls in | Number/Km? Sultana (2015)
S e rV | C e S | moderate and good state |
i) Off-site costs of soil €/Km? MALSIS (2003)
erosion Sultana (2016)
| A VMU
jl Costs associated with soil | €/Km? Sultana (2016)
' recovery .
k) Costs associated with the | €/Km’ MALSIS (2003)
loss of agricultural NSO
' production '
Flood protection |I) Total area of permeable | Km? Copernicus (2015)
surfaces
'm) Population living in flood | Number of NSO, EWA
risk areas individuals
Pollination 'n) Bee Habitat | Km? | Balzan et al. i2018);
ARPA;
o) Honeybee hive density Number/Km? VRD

nursery Community Importance
TN populations and ! ]
. \ CO CK habitats q) Number of Species of Dimensionless ERA
. E Community Importance
INNOVATIONS
' LIMITED
LIFE MALTA




Regulating Ecosystem Services

Soil erosion regulation

60 o]
Bahrija
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10 20 30 40 50

Mean soil loss rate (t/ha/yr; Sultana, 2015)
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Regulating Ecosystem Services

Soil erosion regulation

Cost of Soil Recover (€/Km?)
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Cost Soil Recovery (€/Km2) [ Soil Erosion Off-site Cost (€/Km2)

Annnual Cost of Agricutlural Production Loss (€)

Annual Loss of Agricultural Production Loss (€)
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Regulating Ecosystem Services

Pollination

Relative Pollinator Potential (based on average floral &
nesting availability scores)

Bahrija
Zongor 12 Blandun
10
Zembag-Saptan 8 Dalam
6
Xlendi Gozo 4 Dwejra Gozo
Wied il-Ghajn Ghasel
Sant Antnin Ghomor
Mistra Gnejna
Mgarr Gozo Harg Hamiem
Kbir

Average Beehive data (Number/Km2)

Bahrija
Zongor 30 Blandun
25
Zembag-Saptan Dalam
0
Xlendi Gozo Dwejra Gozo
Wied il-Ghajn Ghasel
Sant Antnin Ghomor
Mistra Gnejna
Mgarr Gozo Harg Hamiem
Kbir
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Assessing

Cultural

Ecosystem

Services

landscape value

Ecosystem Indicator Units Source/Key reference
Service

Scientific and r) Number of dimensionless Tisbih Malta

educational scientific and
educational

| publications . .

Heritage s) Number of dimensionless Heritage Malta; Tisbih Malta;

heritage sites Opensource data (e.g.
| _ ; . Openstreetmaps)
Aesthetic t) Area of high Km? PA

mie)
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Number of Species of community importance
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Cultural Ecosystem Services

B [
o o

Number of Publications
w
o

20
10
0
< Q 2 Q& Q& Q& Q& N SR o > o - > (9°xo \(\6\0
(00 (\bé & \(\'b\ & X \‘(\\ (\0? Q\’b \&\\ (90’\/ -\G}S (90/\/ @ 2 & \\,(.’)
o § N T R A & & &
.\@b & (_),b(‘ g ~\}Qz N N
R & 9
/\/@
Catchment

Q& S > 2 o > S R
0@\ Q@ .\‘;é B (o°x (@(,e & (¢°x %Q,é‘ ~<\Q\\
¥ & @ © & Q
2 2 <
Y 04\ K\
/\,Q/

Catchment

Number of publications/Km2 B Number of Publications

LIFE MALTA




PARKS Economic Valuation of Ecosystem Services

ethodology

conomic values were produced per
stchment for a selection of services. The
=lection was based on data availability at
e time of the research.

oil Services

he cost savings provided by catchments
r off-site costs of soil erosion, costs of
il recovery and costs of losses in
gricultural production within the
atchments over the next 50, 100 and 500
=ars were calculated within our study.

his was done by combining the results of
e Revised Universal Soil Loss

quation (RUSLE) per catchment with local
osts of soil purchase, transportation and
redging from valley beds and national
atistics on crop market value

xspectively.

ollination Services

rops dependent on pollinators were

sed as an indicator for the service

f pollination. The proportion of

ollinated crops in tons and the economic
5lue of these crops was derived from
re-existing academic studies of
ollinators and crop market values
ublished by the National Statistics Office
ISO).

rop Services

rop production was calculated using a
ataset of land parcels registered with the
linistry of Agriculture, Fisheries and
nimal Rights (MAFA) and national
atistics of crop market value from the
S0, You may note that Mgarr Gozo
ontains agricultural land but has no
gistered parcels. With this data we
alculated the total crop area in kilometres
quared, annual total crop production

1. - —— v 1. e g

Catchments

K| -

Q 4+ @

Kbir System X

Offsite costs of
=oil erosion EurfYr

851,142.27

Cost of Soil
Recovery Eur/Yr

354,756.10

Yearly costofagri 0,00

loss in 50 yrs

Yearly cost of agri 72,756.33

loss in 100 yrs o’

Yearly costofagri  2,816.37 I

loss in 500 yrs

Esri, HERE, Garmin, USG5

1 1of1s F 1 1oflée »

Cost of Soil Loss in 50 Years

€7,040.93
Bahrija

Cost of Soil Loss in 100 Years

€127,675.62
Bahrija

1 1of16 P

Cast of Soil Loss in 500 Years

€ 35,204.67
Bahrija

Ecosystem Services
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Yearly Off-Site Cost of Seoil Erosion
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https://lifeip-rbmp-geoportal-valleymanagement.hub.arcgis.com/pages/ecosystem-services

ES Matrix Approach

Landscape features in agricultural | Non-agricultural areain |Land with no Mine/dump/construction
Agricultural land in production land agricultural land minimum Semi-natural habitats sites Urban areas
o 2 [ o E
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Cultivated crops

Reared animals and their
wild plants

Ground water for drinking
Surface water for non-
Ground water for non-
Mass stabilisation and
Flood protection

Pollination
Maintaining nursery

Regulating chemical
Global climate regulation
Micro and regional climate
Physical and experiential
Scientific and educational

Heritage, cultural
Aesthetic -

| BGRAGK MDD
L1 D I\NL T
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Ecosystem Service

ES Matrix Approach ff'“.;_z@ i

10 - no relevant supply

) . . [ 1 - low relevant supply

A Iogk up table with assigned ecosystem ' | | , B 2. reevant supply
service scores for each ecosystem type, with ] I 3 - medium relevant supply
each of the scores being based on ranks o — Pl W

assigned by expert and stakeholders during a
consultation workshop.

1:180,000

PARKS

MALTA

6 9 12

Spatial Reference
PCS: WGS 1984 UTM Zone 33N
Datum: WGS 1984
Projection: Transverse Mercator 11/01/2021

14°1S'E 14°40E

' EGROSTASK MDD
LIMITED IV
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ES Matrix Approach

A look-up table with assigned ecosystem
service scores for each ecosystem type, with
each of the scores being based on ranks
assigned by expert and stakeholders during a
consultation workshop.

1:180,000

PARKS

MALTA

Spatial Reference
PCS: WGS 1984 UTM Zone 33N
Datum: WGS 1984
Projection: Transverse Mercator

14°15€

Ecosystem Service
Micro and regional climate regulation

[} 0 - no relevant supply

[7] 1 - low relevant supply

M 2 - relevant supply

I 3 - medium relevant supply
M 4 - high relevant supply

[ 5 - very high relevant supply

11/01/2021

mie)
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Spreadsheet-based tool

Spreadsheet-based tool for the implementation of the ecosystem services categorisation methodology

Table of Contents

i-Land Cover and Population
2-Invasive and Alien Species
3-Riparian Habitat Type
4-Riparian Habitat Subtype
5-Riparian Habitat Structure
6-Riparian Habitat Function
7-Riparian Habitat Restoration
8-Protected Area Desig
9-Hydromorphological changes
10-Artificial Barriers
11-Reservoirs

12- Land Cover

a-Crop Area (LPIS)

b-Livestock

c-C-factor (ERA)

d-Soil Loss & Valuation
e-Flood Protection

e e

Water Catchments Areas

N
A
180,

f-Pollination sl -
g-Art 17 Habitats
h-Art 17 Species @ AMBIENTMALTA
i-Publications =

Coortnaie Syrtem GLS WGS 1984
j-Heritage Sites O Cogve
k-Stakeholder ES Scores - Mean Date: 20012020

" 1

|-Stakeholder ES Scores - STDEV

mie)
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Spreadsheet-based tool

Catchment
Bahrija
Blandun
Dalam
Dwe|ra Gozo
Ghasel
Ghomor
Gnejna

Harg Harmniem
Kbir

Mgarr Gaze
Mistra

Sant Antnin
Wied il-Ghajn
Xlendi Gozo

Zembag-5aptan

Zongor

Lana raKe m
water Eqariyitem Catchrnent
Catchment Area  catchment Land take inwater Ecosystem Land Land Cover population density
{km2) (km2) catchment (%) Cover (km2) (%) c populati | [Km2)
2406193.22 E3068 3.45% 224349282 93.24% Bl12.73 337.79
2115733.27 1531156 TL.37% 35002158 17.56% 4642 965453
3481423.31 476220 13.68% 2866331.92 82.33% 4260.42 1323.76
3161445.16 101528 3.21% 2T85360.12 B8.23% 626.46 198,16
3B414726.70 3303840 8.60% 32632026.56 B4.95% 43612.15 1135.30
2102453.27 592864 28.20% 1053637.91 50.11% 582394 2E17.63
5463925.47 204752 3.75% 5104510.46 G3.42% 1537.44 181.38
939847.11 407228 43.33% 197753.78 21.04% 3T7ER.TT 4031.27
48171568.51 8246840 17.12% 34TII973.56 TL19% 61561.12 1377.96
1725840.14 76776 21.83% 1142040.45 56.17% 1081.22 626.49
4433904 41 1B5836 4,14% A4229539.55 54.33% 1962.58 437.69
11582726.02 3541224 29.55% 6824254.50 56.95% 17235.68 2173.25
4126523.54 SEESE0 23.96% 82673424 GE.50% 1230248 2881.32
5TS3RTLG3 858268 15.61% 1826758.85 31.75% 5182.45 500,659
813100680 1676248 20.62% 496650041 61.08% 11382.57 1399.90
S687300.61 514156 9.04% 453260348 79.70% 5617.74 98777

Ecosystem Land Cover (%)

Zembao-Saptan Dualgen
0endi Goao Dwwejra Goas
Wied #-Ghajn Ghasel
SEV AR Ghae
Mistra Grejra
Mgarr Gooo Hang Hamiem

Catchment population density (Number/Km?)

Bahna
ZongHe0e0 00 Blandun
TerrbagSastan Boco.co Dl
000 00
Bendi Gozo 4000 00 DwejraGoza
00000
Wied it-Ghaijn Ghasel
SantAntnin Ghomor
Mistra Grepra
Mg GO I Harg Hamsem
Li-14

Land take in water catchment (%)

Bushrip
00
Tora @0 00 Biandun
Zembag-Sapian SO0 Culam
500000
4000
Merd| Goroe A0 00 Dhepra Gozee
Mo
0
Witd il-GRaj [ Grasel
Sant Antnin Ghomior
Loy ] Gnejna
BAEAIT GOES Harg Hamiem
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(a) Pollination

-

(a) Ground water for drinking
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(b) Maintaining nursery populations and habitats
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(b) Surface water for non-drinking purposes
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(c) Regulating chemical condition of freshwaters
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for each ecosystem type, with

each of the scores being based on ranks

Service scores

ES Matrix Approach

A look-up table with assigned ecosystem
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(d) Global climate regulation by reduction of greenhouse gases
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(d) Mass stabilisation and control of erosion rates
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ES Matrix and indicator data used to inform

management plans for each water

catchment.
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(e) Micro and regional climate regulation

(e) Flood Protection
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ES Matrix Approach

A look-up table with assigned ecosystem
service scores for each ecosystem type, with
each of the scores being based on ranks
assigned by expert and stakeholders during a
consultation workshop.

Ranking ES scale: 0to 5

Enables comparison between different water
catchments.

ES Matrix and indicator data used to inform
management plans for each water
catchment.
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