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2960 A. G. Power Review. Ecosystem services

farm ma nagement

_ ) landscape management
e tillage agricultural ecosystem « windbreaks
* crop diversity services
i * hedgerows
» field size

* riparian vegetation

* crop rotation i
P * natural habitat patches

* cover cropping

ecosystem services
@ * pest control
* pollination
* nutrient re/cycling

agroecosystem * soil conservation, structure
and fertility

* water provision, quality
and quantity : :
@ « carbon sequestration ecosystem disservices

* biodiversity * loss of biodiversity
provisioning * loss of wildlife habitat
services * nutrient runoff
» food * sedimentation of waterways
+ fibre * pesticide poisoning
* bioenergy * greenhouse gas emissions

Figure 1. Impacts of farm management and landscape management on the flow of ecosystem services and disservices to and

from agroecosystems.
A.G.Power, Review, Ecosystem services and agriculture, tradeoffs and synergies, 2010,
Philosophical Transaction of Royal Society B
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Foley et al. (2005)

ERNERENEINDIE

infectious gropt_
! roduction
disease " forest
mediation production
regional
climate preserving
and air habitats and
quality biodiversity
regulation
carbon_ water
sequestration flow
water  regulation
quality
regulation

intensive cropland

FRERY -EXNEHESN R

infectious %ropf

n
disease Proim© forest
mediation production

regional
climate preserving
and air habitats and
quality biodiversity
regulation
carbon water

sequestration flow

water  regulation

quality

regulation

cropland with restored
ecosystem services



BE (81 ML)

MT0RTEATLFT .

-

G§§§|e Earth &,




ITRBEMEEHL R

" nd ’ %
ot b

\

IH

Wby

(¥ M‘\W)’iﬁ

=Y

2 RAFTRLATR N, [Fhes) ‘) u VJ
IKIFI_TEEE/,\J“\\ £

oL

35km

PANZ CAYD

A\

Es T —

/ Ejj I|§E/AJ

P

X



+ # ] A X

=" s &:\ XK
ER}HE D 7

&




A

2 CAYH

;\(




——Jglg BB e
3 = i<

ES)iZRN

N

/




2022/01/18 21:51 ERITMULHKT D | WHRBEE

8 3R

it FFT MY —

h=4h > BSULOHAK > BE > HEAZEYE > EHCEULKID
EBCELLKILD

BMENAE 20154108218 | A—IJID 001403 | | @@

Wt o

ERICBULKDLD

MEAETTE, EHNRTEEFEK, BALEIONT, (CFECRECEREZENINR, SN SOME
BiizEh URh5, BRBAREE3ADT E, ERAPEMOEEMRELTOERICEUL VBN ZE
HB3eH, Tz, NTEEHROBENRIREL B DZTENS, FMIIMFERD TEMHICEULEKDL
D] ([CBHATVETY,
SMEHREORISRIIBREHT. TEEALLBNS, HEBOHRXZAIC, BOULTSVULLBULER
DTVWERIIZR I DERBLTVET ., RIBSKHORBERICONTE, FMIT7IVEIERTS
(AN

EAF(ERAFHBICT)

ERICBUVKD DIFEEEICOWVT

7RSA)(%1E]), 8APE(HE2E)DRIIER TOFEEEORREOFHHREET, SATAC EHCEBLLKIKDERR] £285F
EMELTVEY. BESOZAL, NIERESEHEEACEBLTVET,

ikeda. fukuijj 1013/p001403.htmi

2022/01/18 21:51

SMRITRMULKT D | fi Rt BE]

WEE, RBEBBCELS [£D<D] [FE] [BREFOBARGEARINR] [REOEMNUEAEIM
EROBRERUR] $OEE(CDVWTOERRER S FSEORNERCIDITO>TVET,

HAZS S (BHIESICT)
BEER

RITER
REES  REEMRORRERN | RO IR (SRS DR HI0O R
mEn») | RER A 16ha  1.5ha
(E(E<#) | REORBICHSHHA e ' 62.6ha ’63.1ha
R(ETE)  BROMECHSHEN DRSS L HIE, ‘40.8ha | 34.0na
mE) SERORIE(CL6. SEIMI R ) g6.3ha | 87.2ha
BT 7L

T aacmLnEs z P D Fiigat 523%00/¢

PDFD 7 A )LZBB L TL\Z/Z < [C(FAdobe Readerh'ib&E T,
Adobe ReaderEHIFE TS, ZRESZAFLAZHOYA M5 D20-RUTZFHATEL.

n & &
ADOBE” READER™

1013/p001403 htmi



=

=3 i

GBI R(11/26)
AGEHEKES

=i

AR LR

B R BEKER12

B REEKEIS
BE)IFR3

BRIER

A R0

A REEKAEI3
wmR)EmRE (Vv FZR)
A RHKA2
YW=E2=99F
EPNER (HhT 0B TR
BTBEKER13

EPEMRE

B TR

AN EFR(11/27)

FRYF v —

=+
=

==

RE
13554 36.9
23553 39.3
3355340.4

193550 34.9
183551 235
173551 22.7
163551 31.1
1535 51 40.7
143551 46.9
133552 26
1235 52 53.7
113553 26.2
1035 53 39.7
93551 44.7
83551 39.5
73552 35.1
635539.4
53553 47.7
43552 47.9

(K&

TR

136 21 22.6
136 21 34.8
136 21 35.4
136 16 27.0
136 17 37
136 18 42.9
13619 4.2
13619 4.1
13619 6.2
136 19 48.5
136 19 52.8
136 20 17.6
136 20 19.0
136 22 1.9
136 21 49.8
136 21 21.2
136 20 34.7
136 20 45.4
136 22 35.2

7)K% (cm) EC(mS/m)
19 8.3
10.5
10.6
135 6.1
6.7
6.8
7.1
6.7
7.2
6.9
10.1
7.3
8.3
6.4
7.4
10
7.6
7.6
10

B

K

(°C)

11
9.9
10
10.4
9.3
8.7

9.7
9.1
8.8
9.1
9.1
8.9
8.6
7.5
9.2

8.4
7.8

T-N

0.65
0.83
0.73
0.98
1.04
0.84
0.80

0.61
0.97
0.77
0.68
0.84

0.67
0.68
0.66

T-P

0.05
0.08
0.07
0.05
0.02
0.13
0.08

0.09
0.16
0.07
0.04
0.07

0.04
0.06
0.09

SS(mg/L)

0.00
8.50
10.50
7.50
0.50
5.00
0.00

6.00
1.50
8.00
6.00
6.00

5.50
4.00
1.50



ERIF S N AR

~ LIT

L

°%%ﬁAW§%@ﬁ%ﬂﬁm@
g

B2 488
':_r'/ = H

& 2 AP RS HY

S fiilaed

EXNEAGIES

Re o EEE KA - KNFERNLHBICH EDLC T 4 —
K« L RJILDOEREZRY — B X OERRE R D Z2 [ RT

« EMIKEBERIMZERATIC X 2 =i ER
EDORERBICRAIXRGERN T —2 EHEEB OHMmEH

m

VTS

7%= D B



BXT L —FATDOFHRFEE LT
IR BD DN

« Natural Capital model (NCET L) o

Craanlzy Diele e lulie 8l seovelaead

AL

Frasysrem Scerviecs .z
£ohl. e
pournal hemapoge: s clsevicr.co rlosiemcoser
[ ]
- - \\ - Application of the Nutural Gapilal Model b assess changes in ceosystemn &
=\|/ L \ services from changes in green infrastructure in Amsterdam =
— A ]

) _ _ Tz s i b g did g o
KL Paulio®, F. Hemaze", 1Tode M, ML Mufgers', kUL Koopmean', B, de Roegt, R AL N ke e
TG X van der Hoele?, AL Broevre™

# terieva o r AR TR 0l o Erdernmr SIVM e o et g
¥ i Sgd Bt Suaked Rty Sieyed, 1A

Py oy Proas b TR, o Kl Sk

4 Mraanh Frneam st Sesen ot Agee e AL BT ke,

* Aadorad waiein M b e

AETILLI IR Ei ALETR&LT

Lgwonde e e deizae i U w il o sl ardds o assmig voespdu s sl ailse phog 1
rar zaechy 1 Al capdizn 5 ol Tood 2k ST 1SR o0 0r I B
[

sinzean Ui Muepalty of Sastzidan e e gl oz

FS5 UL T LRI LOEEEA ICE S ANCE TS LSS F 1 A=

%
H



Fo7R T LARXTILE LA

1.J. Paulin, et al. Ecosystem Services 43 (2020) 101114

The Netherlands Amsterdam

P

—

| Public and other green space
Greenhouses

Farmyards, bams, meadows
Bushes and hedges

Forest

Inland dunes

Fresh water wetland

Public green space

Other unpaved terrain
Residential areas

Other built-up areas

Roads, parking lots, runways
Water

| | | | | | | ! | ! | I T T 1
0 50 100 150 200 250 km 0 5 10 18 20 km

Fig. 1. Dominant types of land cover in the Municipality of Amsterdam (Paulin el al., 2020).
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Fig. 2. Schematic diagram of relationship between
SUPPLY USE ecosystem service supply and use within urban eco-
system service models. Supply captures ESP and use
captures the realized contributions of ESP to society

Environment Socioeconomic system and the economy. Sociocultural benefits capture the
direct contribution of ESP to human wellbeing.
Economic benefits capture either (i) the direct con-
. . . tribution of ESP to the economy or (ii) the translation
Ecological structures Sociocultural benefits O L yo R
‘ ) of accrued sociocultural benefits into monetary units.
(e.g., vegetation, water, - (e.g., improved health,
soils) reduced all-cause mortality)

v
TRAR—=—< v TOEREDLEDEE%
Ecological processes Economic benefits =
(e.g., PMq retention, UHI - (e.g., reduced health costs,
effect reduction) enhanced property value)
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Table A1: Input datasets used to model six urban ecosystem services

Responsible

Dataset name Description Resolution Year  Source nization Email
Actueel Hoogtebestand . 2007-  Rijkswaterstaat .
Nederland (AHN2) Elevation data 0.5%0.5m 5512 (RWS) Stuurgroep AHN info@ahn.nl
) . Basic registry of
Basisregistratie Adressen addresses and 2.5%2.5m 2016 Kadaster (2019a) Kadaster PPB-GVA®@kadaster.nl
en Gebouwen (BAG) buildings -_—
Basisregistratie Agricultural areas
Gewaspercelen (BRP) of tha Natheriands 25x%25m 2017  RWS RWS servicedesk-data@rws.nl
Contour of Statistics .
Bevolkingskernen populated areas 10%10m 20M Netherlands (CBS) CBS infoservice@chbs.nl
Ecosystem Unit Map (EUM)  Land use map 10x10m 2017 :’;?Jr]l }l;f‘e""en ot o, CBS infoservice@cbs.nl
Concentration of .
. Rijksinstituut voor
Fijnstof 2017 (pm10) particulate matter 5,06y, 017 veldersetal, Volksgezondheid en @rivm.nl
upto 10 (2017) Milieu (RIVM)
micrograms
High resolution Beeldmateriaal Beeldmateriaal ; ;
Luchtfoto aerial photograph 0.25x0.25m 2017 Nederland Nederland info@beeldmateriaal.nl
Topographic map
Top10NL of the Netherlands 5x5m 2017 Kadaster (2019b) Kadaster PPE-GVA®@kadaster.n
District and
Wijk- en Buurtkaart neighborhoods 160x160m 2017  Bresters (2019) CBS infoservice@chs.nl
data
Housing Plans Gemeente Gemeente } .
Waoningbouwplannenkaart Map 10x10m 2018, cterdam Amsterdam monitorwoningbouwplannen@amsterdam.nl
: Koninklijk o
Average wind Rijksdienst voor
Windsnalhaden op 100m o0 i'at 100m 25x2.5km 2015  Nederlands Ondernemend geodatabeheer.giscc@rvo.n|
hoogte (m/s) Meteorologisch
altitude Instituut (KNMI) Nederland (RvO)
WOZ-waarde Real estate value 10x10m 2016  CBS CBS infoservice@cbs.nl
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Descriptions of ecosystem service supply and use proxy indicators for six ecosystem service models (Paulin et al., 2020).

Ecosystem service model  Supply/use  Indicator Description
Air Quality Regulation supply PM, retention Reduction in atmospheric PM,, concentrations by vegetation and water
Use Reduced health costs Reduction in health costs from avoided PM,;, related mortalities
Physical activity Use Contribution to cycling Contribution to time cycled by individuals for commuting purposes that can be attributed to the
(commuting) availability of green space in their surroundings
Use Reduced mortality Avoided all-cause mortalities from enhanced health benefits due to the contribution to cycling
(commuting)
Use Reduced costs from reduced Economic gains from reduced all-cause mortalities, based on the value of a statistical life
mortality
Property value Use Contribution to property value  Contribution by vegetation and open water to property prices
Urban cooling Supply Reduction in UHI effect Contribution by vegetation and water to mitigation of the UHI effect
Urban health Use Reduced health costs Reduction in health costs linked to the contribution by green space to mitigating the incidence of seven
disease categories (i.e., cardiovascular diseases, musculoskeletal diseases, mental diseases, respiratory
diseases, neurological diseases, digestive diseases, and a miscellaneous category)
Use Reduced visits to general Avoided visits to general practitioners linked to the contribution of green space to improved health
practitioner conditions
Use Reduced labor costs Reduction in costs of absenteeism, reduced labor productivity, and job losses, linked to the contribution
of green space to improved health conditions
Water storage Supply Reduced rainwater in sewers Avoided rainwater in the drainage system due to water storage by vegetation
Use Reduced water treatment costs  Reduction in water treatment costs from avoided rainwater in the drainage system
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1) Green Neighborhoods: (FEHFE D ICkxHZ F7- ICKE T 5

2) Green Network: EE A W ICHE RS CREME % 3R (F, BERED
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3) Urban Parks: NEfFEH AL KT 5
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Water I i W-ater
Trees Shrubs/bushes
Percentage coverage/cell Percentage coverage/cell

0% N
T 1 I T 1 ! |
10 km 100% 0 5 10 km

0% N
A T
100% 0

N -

Water

Low vegetation Population density
Percentage coverage/cell Number of inhabitants/cell

0% N 0 N
I ! 1 ! I I ! | ! |
100% ¢ 5 10 km 185 0 5 10 km
Fig. 3. Vegelation cover { percentage of trees, shrubs/bushes, low vegetation) and population density (number of inhabitants) per cell (10x10m) within the Business
As Usual scenario (year = 2025). For each map, legends show quantile values, All quantile thresholds values are presented in the Supplementary Material (Table A3,

Appendix C),
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a) Urban Parks

Trees \u /\'/

Shrubs/bushes
1
Low vegetation (', 5 10 15 km

Fig. 4. Areas where new vegetation cover (i.e., trees, shrubs/bushes, low ve-
getation) is introduced for the Urban Parks, Green Network, and Green
Neighborhood scenarios. Unshaded areas comprise areas where no value has
been assigned.

Shrubs/bushes
Low vegetation (', 5

Shrubs/bushes
'
Low vegetation (', 5




T

Table 3
Total ecosystem service values for a Business As Usual scenario (vear = 2025} and differences in values for three Gl scenarios in reference to the Business As Usual
scenario. Outlined in dark boxes are encased the highest increases in ecosystem service values per GI scenario per proxy indicator considered (i.e. supply or use).

Ecosvstem Total Difference in value (BAU
>y Supply/ . . value as reference)
service U Indicator Unit
model se Business | Green Green Urban
As Usual | Neighb. Metwork Parks
. thousand
Air Quality Supply  PM;p retention Kg/yr 98.6 29 8.1 33
Regulation reduced healih million €/yr 4.8 0.1 0.4 0.2
costs |
Contribution to thousand
Physical Use cycling (commuting) hours/yr >4 : > 2
Ac:vity Use Reduced mortality lives/yr 19 3
Reduced costs from -
Use reduced mortality million €/yr 42 6 4 2
Property Use Contribution to billion € 6.36
\Value property value
Urban Reduction in UHI o
Cooling SUPPY  ofect © 178
Reduced visits to thousand
. general practitioner visits/yr 23
Urban
Health Use Rsduced health million €/yr 20
costs y
Use Reduced labor costs ~ million €/yr 96
Reduced rainwater in . 3
Water Supply SEWers million m~/yr 17.6
Storage Reduced water -
Use reatment costs million €/yr 13.8




a) Green Neighborhoods b) Urban Parks

Physical Activity Water Storage
Contribution to cycling (commuting) Reduced water treatment costs
hoursi/celllyr EUR/celllyr
0 0
N N
[ T T T T T T T ] A [ T T T T T T T 1 A
228 0 5 10 20 km 38 0 5 10 20 km
c) Green Network d) Urban Parks

Air Quality Regulation Urban Cooling
PM10 retention Mitigation of the UHI effect
kg/celliyr : °Clcelllyr

0 0
N N
I T T T T T T T ] A [ T T T T T T T 1 A
0.2 0 5 10 20 km 0.9 0 5 10 20 km
Fig. 5. Changes in the performance of four ecosystem service supply and use for different scenarios in reference to the Business As Usual scenario (cell
size = 10x10m). For each map, legends show quantile values. All quantile thresholds values are presented in the Supplementary Material (Table A4, Appendix C).

Unshaded areas comprise areas where no value has been assigned. Additional maps displaying changes in the distribution of ecosystem service supply and use across
scenarios, see Supplementary Material (Appendix D).
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AQR-PM10
retention
WS - Reduced 20% AQR - Reduced
water treatment hesith costs
costs
PA -
WS. ) Reduc.ed Contribution to
rainwater in i
sewers (commuting)
UH - Reduced \\ PA - Reduced
labor costs ‘\ ), mortality
\ PA - Reduced
UH - Reduced costs from
health costs reduced
mortality
UH - Reduced PV -
visits to general Contribution to
practitioner property value

UC - Reduction
of UHI effect

«=@-=Green Neighb.

== Green Network

== Urban Parks

Fig. 6. Total relative change (percen-
tage increase) in ecosystem service va-
lues per GI scenario in reference to the
Business As Usual scenario. AQR = Air
Quality Regulation; PA = Physical
Activity;, PV = Property Value;
UC = Urban Cooling; UH = Urban
Health; WS = Water Storage. Detailed
statistics on percentage changes per in-
dicator and heterogeneity across sce-
narios, are presented in the
Supplementary Material (Table A5,
Appendix C).
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