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and their Services at national scale
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Ecosystem accounting is an approach - ® 1
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We have developed crosswalks between Spanish Ecosystems, IUCN, MAES and LULUCF ecosystem types

IUCN Global Ecosystem Typology

i LULUCF level | |id ||  MAES level | LULUCF level 2
Broadleaved 110
1. Realms Coniferous 120
Forest land Forest and woodland Mixed 130
Other Forests 100
2. Biomes

Grassland Woodland 210

Grassland 200 Heathland and shrub Shrubla.nd 220
G land Perennial 230

e Other Grassland 200

n .
[ 3. Functional U ~

groups |'| . . . . . . . . ZI)[Ol Sparsely vegetated land Other Land 400

a Blogeographlc : 1 ] .I}'?’:ﬂ /,«-‘._'-" > Al - Inlands wetlands Wetlands and Peatlands 500
ecotypes A Lha & ‘ i “‘ i AAA| KLAMA KAA £4d Wetlands Rivers and lakes Inland 510
Marine inlets Seaside 520

5. Ecosystem types LTI TR, LT TR ”'.“- Perennial woody crops 710
] EERERE) KEK Cropland Cropland Annual crops 720

6. Local ecosystem ‘ \N ‘/"‘\./"\‘ /\ /\ /\ A /‘;\ Other Crops 700
types 800 Urban Settlements 800
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In Spain we are using LULUCF (Land Use, Land Use Change and Forestry) a multisource
dataset for ecosystem accounting. LULUCF provide a high spatial resolution (25 meters
per pixel) information for a significant time period (1970-2015).

1970 1990 2000
MFE200 (1986-1997) m SEZONI ) [ Source: Spanish Ministry
MCA (1970-1990) MCA2000 for the Ecological Transition
2006 2009 2012 2015 and ~the  Demographic
challenge
CLCO6 FFO9
MFE50 (1997-2006) SIGPAC09
MFE200: Spanish Forest Map. 1:200.000 MFES50. Spanish Forest Map. 1:50.000
MCA: Crop and Harvest Map FF: Update of changes in MFES50
CLC: Corine Land Cover SIGPAC: Geographic Information System

of Agricultural Plots
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Scale Accounts
Country
MNational Regional Local Extent Conditio | ES Supply | Asset Biodiversity
n and Use
Belgium X (Flanders) xX X xX X X
Bulgaria x .4 B & x
(Plowvdiv) (Karlovo)
Czech X o x X
France X (to be X X x
decided)
Finland =X x x x X
Germany x x X
Greece X > > .4
(Peloponnesus)
MNetherlands 4 x
MNorway xX x xX xX X x
Spain X b 3¢ X X X
(Andalusia)

Total 5 5 3 10 4 8 3 4
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STATUS OF THE BIOPHYSICAL ECOSYSTEM ACCOUNTS IN SPAIN |

Accountlng
FINISHED IN PROCESS S

)

Biophysical Accounts

Ecosystem services
Extent Condition

Valuation techniques

Ecosystem assets _

Source: SEEA- Ecosystem Accounting (UN 2021)
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1. EXTENT ACCOUNTS: A methodology has been developed and tested at national level following the principles

outlined in SEEA-EA (chapter 4), compiling an ecosystem extent account for terrestrial ecosystems.

Science of the Total Environment 815 (2022) 152903

Contents lists available at ScienceDirect

Extension

Science of the Total Environment changes

journal homepage: www.elsevier.com/locate/scitotenv

Land cover Net
cartography changes

Ecosystem Ecosystem Changes per

How the ecosystem extent is changing: A national-level accounting approach m types transformations ecosystem
and application |G| Ecosystem Turnovers

Adrian G. Bruzon *, Patricia Arrogante-Funes, Pablo Martinez de Anguita, Carlos J. Novillo, Fernando Santos-Martin classification

Deparment of Chemical and Ervironmental Technalogy, ESCET, Rey Juan Carlos University, C/Tulipdn s/n, Méstoles, 28933 Madrid, Spain Sta bl e
WiGHLIGHTS GRAPHICAL ABSTRACT . _ Flows between Stocks
@ Source of information ecosystem

* A proposal to assess a national ecosystem
extent account meets of SEEA-EA,

+ The ecosystem types based on of the Na-
tional Ecosystem Assessment of Spain.

« Ecosystem types were combined with the
LULUCF database of Spain

« The proposed dassification went through
avalidation process based on LUCAS.

* Main ecosystem flows found are urbanisa-
ton, afforestation, and cropland loss.

@ Input of the system
@ intermediate product

@ Process phase Flows in Flows in
@ Final product gain terms loss terms

G. Bruzon et al. 2021
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1. EXTENT ACCOUNTS: ecosystem extent account results are presented for terrestrial ecosystems for
different time periods between 1970-2015 (1970, 1990, 2000, 2006, 2009, 2012, 2015).
1970 2015 B

Spanish terrestrial Hooes s B VOSED  edess  ual aaoal MW Ruoo) Moo WOMen  Wike  weois o

Spanish terrestrial
ecosystem types in 2015

i N [reEisl L et n'l'l:q',:,l_ H’W_l'l'l_ ll:l":ll__iﬂ_'ﬂz ;l_J_.I'._I;"E_ st o]

PG00 AMOROT iy

123300 00 .- ;
ETRS T LITM ZOHE -] T = 123 B0 P00
et i) ETRS ik 4T

= I'-. o o - - -
MO D GO AEO0E | 00 AN

Ecomystmm typus
o S ophySous Fd todast = Ciarinantal imsd, graseting o hlundsin mod. eiullsng = Wikl

Exoaysimm typues
s Contracial mad. fonest Mcentain mod. grassiand Aot shrubland w Fveets s kakan

= Sobprophyious msd. kst = Cownaninl mod, grassiand s Bty e, afduldpng - Wity
§ s MAnuntan e, fodoad == At grossiang & Al shrttand Pamnninl woody | S m Contiraefal mad. forest Moontain mod. grassiand w Atinntic shrutsland P e lakan
= ARarite: ferial = Algera Grasalned byl WUl Al Endgh B = Mourian med focasd = Allmntc grassiang = Alpenan shiubiand Parannial woody orops
= flping forest o= Irmust gramafand i e = | frhan ! - Azanti: foreay = Alcirw gragsinng il areulland Annual cregy
= |ngular forest == Scigroptyiious med. shiubland = Coaslal anses Couniras G miping tomst = inautar grosstand i riad P | frhan
SalprophyBous Fmed gracsslind = Cortnanial mod, sbrublesd s Qthar land =ueas of inernst B = dnsutar foresy = Soiarapylious med. shiubiang = Cosslal anns Cprires

Scloplylous rvsd. grassland = Cortndrrdal mod, shrublicnd s Oithad lnnd o e
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1. EXTENT ACCOUNTS: ecosystem extent accounts tables are presented for terrestrial ecosystems for

different time periods between 1970-2015 (1970, 1990, 2000, 2006, 2009, 2012, 2015).

Extent accounts of forest ecosystems in Spain (1970-2015)

Ecosystems Sclerophyllous med. forest  Continental med. forest Mountain med. forest Atlanticforest Alpine forest Insularforest

Initial Extent 73324.90 41020.50 4209.00 23493.30 1484.70 1228.50
Reductions 23157.10 12124.80 936.30 5417.90 432.00 247.90
Additions 34231.60 18155.30 1044.10 11416.00 586.80 375.00
Net Additions 11074.50 6030.60 107.70 5998.10 154.80 127.10
Net % 2.19 1.19 0.02 1.18 0.03 0.03
Total turnover 57388.80 30280.10 1980.40 16833.80 1018.90 623.00
Turnover_% 11.33 5.98 0.39 3.32 0.20 0.12
Stable Stock 50167.70 28895.80 3272.70 18075.40 1052.60 980.60
Stable_% 9.91 5.71 0.65 3.57 0.21 0.19
Final Extent 84399.60 47051.10 4316.70 29491.50 1639.50 1355.60
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1. EXTENT ACCOUNTS: ecosystem change results are presented for terrestrial ecosystems for the

same time periods between 1970-2015.

1970 2015

Sclerophyllous med. forest l

I Sclerophyllous med. forest

—

Continental med. forest .

Mountain med. forest
Atlantic forest

Nm[\e rest
Insular forest
Sclerophyllous med. grassland

.— . Continental med. forest

Mountain med. forest
Atlantic forest

Alpine forast
Insular forest

Continental med. grassiand s Sclerophyllous med. grassland
Mountamur;\:& :g:ﬂaagg == Continental med. grassiand
Alpine grassland Mountain med. grassland
Insular grassland s Allantic grassland
Scler lous med. shrubland | Alpine grassland
s — Ingularggrasslam
Continental med. shrubland = - ) Sderophyllous med. shrubland
M°unm:u'::& z:ngx — ST @ Continental med. shrubland
Alpine shrubland I o A g - —— Mountain med. shrubland
Insular shrubland — - 2z . — W= mmm Atlantic shrubland
id Zzones -~ i NS Alpine shrubland
Coastal areas AT v o\ S —— — Ingularshrubland
(:)V'0jl.mr . — W - eggsztg?:?eas
etlands — W
Rivers and"‘gues —_ - : w— Other land
—— BN T Wetlands
Perennial woody crops & = ————— —— Rivers and lakes
‘ - Perennial woody crops
Annual crops Annual crops
Urban e = Urban
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2. CONDITIONS ACCOUNTS: A methodology has been developed at national level following the
principles outlined in SEEA-EA (chapter 5) for forest ecosystem for the time period 2000-2015.

- - -— - I . .
’ Land cover Spatial | ondition
] cartography units — .

-

Ecosystem Select I -
pae Ecosystem Explorator
clasifications i i Condition xploratory

3> ecosystems types [ variables data analysis

e e

Environmental e e
A\ 4 S 3 4 s 2 4 Reference ECOSVStEm Indicators

{ a2 5 | Condition Indicators
sites refereces process

indicators mean table

Indicators
maps

Under Review

Phase 3
[

@ Source of information
@ Input of the system
@ intermediate product
@ Process phase

@ Fina product

Aggregation Condition
mmd accounting table
process

Condition index
map

Phase .
Al . _____/ thase 5: Report in
referenCe arce .
Reference areas accounting tables
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2. CONDITIONS ACCOUNTS:The SEEA-EA condition is a metric that captures, through a set of key indicators,

the state and functioning of the ecosystem in relation to both its ecological condition and its capacity to provide

m services. , , e :
ecosystem services Indicators used in the forest condition in Spain

: : Resolution
Group Class Weigth Indicator Source (m)
0,07 NDWI Landsat 30
Abiotic Physical state 0,07 Soil organic carbon Lucas 1000 I3
characteristics , 0,07 Ozone (AOTA40f) EEA 2000
Chemical state : — ”
0,07 Nitrogen Deposition (Critical Loads) EEA 5000
- 0,1 Forest bird richness MITERD 1000
Biotic ComPOSItlon state 0,1 Richness of forest flora MITERD 1000
characteristics Structural state 0,12 Tree cover Modis 250
= i | G 0,1 NDVI Landsat 30
unctionat state 0,08 Gross primary production Modis 500
12 F densi id
Landscape Landscape 0 orest area density Guidos 50
characteristics| characteristics ol Naturalness index Guidos 50
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Based on areas of least disturbance, in forests that meet these two criteria:

*  We use the forest areas included in the protected areas classified in the IUCN categories
of level |, 11

*  We include forests that have not undergone changes in cover since 1970.

o 1CCDCU Z0C03T0 300203

420030 500000 500000 700000 S30000 900030 1000020 110c0CU

Reference table

Ecosytem Alpine

Ecosystem type Forest type

0 A6000CO 4700000 SROD0O0

g Broadleaved Coniferous

3 ECT class Indicator ~ Ref Max Ref Min Ref Max Ref Min
§ Physical state NDWI 0,22 0,1 0,29 0,11

3 SOC 0,12 0,05 0,10 0,03

S Structural state FCC 0,98 0,64 0,94 0,58
=2

g NDVI 0.48 0.27 0.51 0.22

5 Landscape

3 characteristics FAD 0,80 0.4 0,79 0,45

200 400 Ricmeters
ETRS 1989 UTM ZONE 30N

A different reference is generated for each indicator and forest
type.

UGN CAT mm Ib
L1} -
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2. CONDITIONS ACCOUNTS: results are presented in maps for forest ecosystems for different time
periods between 2000-2015.
2000 2015
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2. CONDITIONS ACCOUNTS: results are presented in accounting tables for forest ecosystems for
different time periods between 2000-2015.

Condition index by forest type

Forest Type 2000|2015 [Change Forest Type 2000|2015| Change
Mixed Alpine  [0.764]0.794| 3.10% Con. Insular 0.585(0.618| 3.30%
Con. Alpine 0.737|0.749| 1.30% Con. Mountain Med. 0.609({0.614| 0.50%

Broad. Alpine 0.666|0.709| 4.30% Con. Continental Med. ]0.595(0.607| 1.10%
Mixed Insular 0.654| 0.68 | 2.60% Mixed Mountain Med. |0.589|0.607| 1.70%
Broad. Insular 0.661(0.677| 1.60% Broad. Mountain Med. |0.604(0.602
Con. Atlantic 0.618(0.653| 3.50% | Mixed Sclerophyllous Med. | 0.57 |0.601| 3.10%
Mixed Atlantic 0.588(0.632 Broad. Continental Med.
Broad. Atlantic 0.582| 0.62 | 3.80% | Con. Sclerophyllous Med.
Mixed Continental Med.|0.605(0.618| 1.30% (Broad. Sclerophyllous Med.
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3. ECOSYSTEM SERVICES ACCOUNTS (biophysical): In previous projects we have mapped, valued

and assessed multiple ES. Here we only present the work done within MAIA.

\] I'o |i!1u:]l|xlin|1

A2. Livestock production A3. Timbe production

B2 Soil fertility

\
S

A. Provisioning Services

B. Regulating Services

C. Cultural Services

Santos-Martin et al., 2018
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3. ECOSYSTEM SERVICES ACCOUNTS (biophysical)
3.1. GLOBAL CLIMATE REGULATION: Marine ecosystem carbon sequestration accounts.

Total Marine ecosystems

INVEST [

Bt Kol 58 C3021) 111307

Contenss sty avnllable at Sclrnceirer

Ecosystem Services =§ =
& 150 S
- - O Full Length Asticle
IntegratEd Valuatlon Of Ll—) 100 National blue carbon assessment in Spain using InVEST: Current state and
ecosystem services i
50 Alberto Gonzilez-Garcia ™, Marina Ariaz*, Susana Gareia-Tisear *, Paloma Aleorlo™",
and tradeoffs Bl ekl * . —
- 0 e e
\ 2020 DEMARC
e i e o s v
. e = e i
P L}tﬂ:—r*qfa{—-n‘«h—q-dm‘*dh-dq—h_hh
mm-—.»-ﬂ-d——ﬂ

-n-mmn-c.\__u-n-mmpm remstution {100 mplaed) of carbos oo in ke

2 Eas e e oo et b st i P b e
i SN Yt 160 v Wit ot R o i Ems [ —
il

mmmdhl—h-ﬂmrnﬂ.widﬂuz {arcrmmad 1.8% of the Sgmubs GOP). Finally,
1

i anaging o
R

1. Introduction Coastal and maarine ecorystems are, and have shways been, @ ssarce
of mliple E5, ok anly fo ysovdingfood (shekes md
the exraction of Faw materials (blotie

and nom biatie) bar also

Tonnes/CO2
0o
30 - 14,22674537
0 14,22674538 - 241,8546712
[ 241,8546713 - 469,4825971
I 4694825972 - 903,3983307
I 903,3983308 - 1.138,139629
I 1.138,13963 - 1.564,94199
I 1.564,941991 - 1.813,910034

Lahehenks,
cine of the most & it mmm.ﬂsnm
meadows formed by marine phanenrgss, sach a3 Fosidonia cceanics,

l.::v,1-_..4-'.|1 Several studies have indicated that seagrass habl- pa.numnknm.uymugd {naballw matoe wtery ol -
main contatbutes to this carbon siarage, are declining warld- except Antarctica (Short o al, 2007). They form emensive -

by implies an al m mummnymvugumkm“deupnm
sl, 2071). Nevertheless, snadies oo marine  food and shelter for a wide variety of srganiems, acting s fich musery,
especlally shaties that quantify snd spidally assess marine  protecting the coastline agangt distrbances, enbancing water parifh-
el 20143 cation, and even providing trophic resources and sheloer 1o tesrestrial

s 29 el 2021, Aceeptnd § Dicestber 2071

Availalie ol 13 Trssn oes 2021
231 2041600 2071 Elaevier B.V. AJ rights reservsd.

Scale: 1:750.000
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3. ECOSYSTEM SERVICES ACCOUNTS (biophysical)
3.1. GLOBAL CLIMATE REGULATION: Terrestrial ecosystems carbon sequestration accounts.
Source of data
I nVEST Global Aboveground and
AR Belowground Biomass Carbon
SEEEEEIESI Density Maps (NASA)

Soil Organic Carbon Information on dead wood
Stock Maps (ISRIC) from the Spanish forest
monitoring network (MITERD)

and tradeoffs

Accumulated carbon in 5 “deposits/pool”:
|. aerial biomass
2. underground biomass

3. dead biomass
4. Soil
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3. ECOSYSTEM SERVICES ACCOUNTS (biophysical)

3.1. GLOBAL CLIMATE REGULATION: Terrestrial ecosystems carbon sequestration accounts.

Carbon sequestration of forest ecosystems in Spain (2000-2015)

[} " '.'"' Z0U

4

DO BOOOOD 200000
A

BOOCNO =000 1000000 19000
.

COCO 2400000 4500C0C 4GO0000 ATICOCO 4500000 49COC00

P RS

P v
- 2

o o Tl S,
Ry, e

ETRS 1989 UTM 30N

Sclerophyllous Continental Mountain Atlantic  Alpine Insular

med. forest med. forest med. forest forest forest  forest
Carbon
sequestration(tC/ha/year) 4.74 5.54 6.08 8.62 9.61 4.73
C_above 1.31 1.8 1.93 2.47 3.8 0.5
C_below 0.6 0.7 0.77 0.85 1.2 0.4
C_soil 2.79 3 3.34 5.17 4.35 3.65
C_dead 0.04 0.03 0.04 0.13 0.25 0.18
Carbon s
sequestration(tC/year) ’3
Opening (2000) 38522250 25027164 2617813 23956412 1558167 592321 %
Additions 6381466 3542196 100841 3284237 146404 97394 j
Reductions 4858163 155665 5811 113596 8077 2996 NSNS
Net Change 1523303 3386531 95030 3170641 138327 94398 # -0 4‘01;0 ,:Gomwme
Net Change % 16%  35%  01%  33%  01% 01%
Closing (2015) 40045607 26078713 2625679 25423170 1575344 641783

(]
-

»

LU

AT

Carbon stock (tC) 2015

9.60
I1.58
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3. ECOSYSTEM SERVICES ACCOUNTS (biophysical)
3.2. AESTHETIC QUALITY OF THE LANDSCAPE :A methodology has been developed at national level

using artificial intelligence and social networks (Havinga, I. et al (2021).

: : o : : Aestheti lit diction based on Flickr and
National questionnaire in Spain to verify Al model des etic quiality prediction Basec on Tick an
eep learning at 5 km resolution for a single cell

predictions.

-
5 T 3

Northeast (Barcelona, Gerona, Tarragona,
Lerida, Huesca, Zaragoza, Baleares)

East {Castellon, Valendia, Alicante, Murda,
Albacete)

South (Badajoz, Huelva, Sevilla, Cordoba,
Jaen, Cadiz, Malaga, Granada, Almeria)

Centre (Madrid, Cudad Real, Cuenca,
Tenuel, Guadslajara, Soria, Toledo, Avila,
Segovia, Valladolid, Zamora, Salamanca,
Caceres)

North | Northwest (La Consfia, Lugo,
Pontevedra, Orerse, Asturias, Ledn,
Cantabria, Palencia, Burgos, La Rioja,
Navarra, Alava, Vizcaya, Guiplizcoas )
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4. THEMATIC ACCOUNTS:
4.1. BIODIVERSITY: Valuation of species in Spain included in Habitats Directive and the Birds Directive.

This account developed using machine learning techniques between the years 2000 and 2015.

Species presence data

sentinel

Environmental predictors

Machine learning model
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4. THEMATIC ACCOUNTS:
4.1. BIODIVERSITY: Birds richness 2015 Birds richness 2020

100000 200000 300000 400000 500000 600000 700000 800000 900000 1000000 1100000 0 100000 200000 300000 400000 500000 600000 700000 800000 $00000 1000000 1100000

Species include in the account

Taxon Species
Amphibians 14
Arthropods 26

Birds 230

Mammals 46
Reptiles 27
Vascular plants 178

Total 521

3900000 4000000 4100000 4200000 4300000 4400000 4500000 4600000 4700000 4800000 4900000
3900000 4000000 4100000 4200000 4300000 4400000 4500000 4600000 4700000 4800000 4900000

Bird richness
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0 4080 160Kilémetros Bird richness



MAIA ACCOUNT EXPLORER

Neppeeesssss

% maa

Mapping and Assessment for
Integrated ecosystem Accounting
A o

Asout  Parinam Librwry News & Cvents  Aocount Explores Mucin cactmr  Contmct

Account Explorer

.mm.m.a&mﬂ.mm.m.&mpﬁmﬂ.“wmowmm

g Nimes
histogram ~ Toulouse <
Monatary Services .
Al Marseille
de Compo
1] choose one or more layers
P Extent
¥ e wysters
ecodctema 2015 4
ecomstena 1970 U
2] choosa an area on the map..
’
, Hpare
o RIS <
Chet anax  Alger’ Shsil A 2o
X, Al
4 4 Oran L.OO+!
Gibraltar

Medes
1 CAss,
Al Hoterma ey Tiaret $+5.0%4

WAIOC.

Saall
i



. . A
Ecosystem Accounts in Spain L5 maa

ety Integrated ecosystem Accounting
o

Promote ecosystem accounting through various communication and outreach activities

https://cuentas-eco-esp-urjcl.hub.arcgis.com/
SPANISH ECOSYSTEM ACCOUNT EXPLORER

ArcGIS Hub
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