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ModelleCAPRI modeling system is designed as an
instrument to check for interactions between “classical”
goals of agricultural policy and environmental side-effects
at aggregate regional level

However, effect of agricultural activities on the
environment is differentiated by differences in soll type,
land cover and climate

Land cover maps based on satellite images (CORINE,
PELCOM) usually do not differentiate “crops”

DNDC, a bio-physical model designed at JRC, can be
employed to forecast environmental effects on small scale
units (10 x10 km Grids)
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Spatial agricultural data in CAPRI system

CAPRI
« economic model
 EU28 (Nuts2)
* (world) market
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O
2004-2007: downscaling Example: land use soft wheat g

procedure developed and (% of UAAR)
imlemented (University of ; -
Bonn and Joint Research
Centre (JRC) Ispra).

Since 2006: spatial data
used for enviornmental
analysis, e.g. with DNDC
(JRC)

Since 2012: update of the
downscaling procedure
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universitatbonn Disaggregation procedure

Basic Assumptions

Land use is determined by natural and socio-economic
factors

Information on market conditions is difficult to collect and
largely invariant within an administrative region

Heterogeneity comes mostly from natural factors where
small scale data is available
General Approach

Definition of homogeneous spatial mapping units (HSMU)
where land use is assumed to be equal (about 150.000 in
EU25)

Deriving prior information on land use in HSMU based on
natural conditions

Adjust priors until data consistent solution is found
administrative region



. Availabe data: Spatial soil cover
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Corine Landcover (CLC)

Fiume Seésia 0 10 20 Kilometars
3\ Fiume Ad BEBAUTE FLACHEN WALDER UND NATURNAHE FLACHEN
STADTISCH GEPRAGTE FLACHEN WALDER
¥ 111 Durchghingig stiidtische Prigung 311 Laubwiider
M 112 Nicht durchgiingig stdtische Pragung I 312 Nadetwilder
INDUSTRIE-, GEWERBE- UND VERKEHRSFLACHEN o
M 121 Industrie- und Gewerbeflschen STRAUCH- UND KRAUTVEGETATION
I 122 Strafien, Eisenbahn 1 321 Natirliches Grinland
1 123 Hafengebiete I 322 Heiden und Moorheiden
W 124 Flughitfen
ABBAUFLACHEN, DEPONIEN und BAUSTELLEN
B 131 Abbautlichen 331 Strinde, Dinen und Sandfibchen
W 132 Deponien und Abraumhalden I 332 Felsfiachen ohne Vogetation
¥ 133 Baustollen I 333 Flachen mit sphrlicher Vegetation
I 334 Brandfidchen
W 141 Stadtische Griinfischen 335 Gletscher und Daucrschneegebicte
8192 Soode und Freisatinlagen o FEUCHTFLACHEN
LANDWIRTSCHAFTLICHE FLACHEN FEUCHTFLACHEN IM LANDESINNERN
ACKERFLACHEN W 411 Sumpte
211 Nicht bowsssertes Ackeriand B 412 Tortmoore '
DAUERKULTUREN FEUCHTFLACHEN AN DER KUSTE
W 221 Weinbaufiichen #5421 Salzwiesen
222 Obst- und Beorenobstbestinde 423 In der Gezeitenzone begende Flichen
GRUNLAND w CHEN
0 231 Wiesen und Weiden WASSERFLACHEN IM LANDESINNERN
HETEROGENE LANDWIRTSCHAFTLICHE FLACHEN | ™ 511 Gewasserdufe
I 242 Komplexe Parzellonstrukturen B 512 Wasserflachen
I 243 Landwirtschatt und natiirliche Bodenbedeckung | MEERESGEWASSER
W 521 Lagunen
I 522 Mundungsgebiote
7 523 Meere und Ozeane
Fliichen auierhalb des Bearbeitungsgebietes
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Flachenstichprobe

Available data: Point observation of crops

Land Use/Cover Area Frame Statistical

Survey (LUCAYS)

Konzept des LUCAS-Rasters

| Zentren der primaren Stichprobeneinheiten

1,5km
YY1l /
0.6 km

/

Sekundére Stichprobeneinheiten

18 km

Anzahl der Stichprobeneinheiten in Deutschlan,
1105 primére Stichprobeneinheiten
10981 sekundare Stichprobeneinheiten

d:

Ebene 1 Beschreibung Ebene 2 Beschreibung Ebene 3 Beschreibung
A Babautes Land Al Eebaute Fliche ALl Gebaude mit ein bis drei Stockwerken
A1z Gebaude mit mehrals drei Stockwerken
Al3 Gewathshiuser
A2 Unbebaute kinstliche Fache AZ1 Unbebaute Fachenelements
A22 Unbebauts lineare Elamente
B Ackerland Bl Getreide B1l Weizen
B12 Hartweizen
B13 Genste
Bl& | Roggen
E1S Hafer
Elé Mais
B17 Reis
B1E Sonstiges Getreide
B2 Hackfriichte B21 Kartoffeln
22 Zuckeriben
B2 sonstige Hackfriichte
B3 Handelsgewdchse B31 sonnenblumen
B32 Raps und Rilbensamen
B33 | Soja
B34 Baumwalle
B35 Sonstige Faser- und Olpfanzen
E3é Tabak
B37 Sonstige Handelsgewdchse
B4 Hidlsenfriichte, Gemiise und Blumen B&l Hilsenfriichte
Bez Tomaten
B4&3 Sonstiges Frischgemilse
Ba&d Elumen und Zierpflanzen
B4&5 Erdbecren
B5 wechselgrinland und Futterwiesen B30 wechselgrinland und Futteraiesen
B& Erache ES0 EBrache
B7 Daverkulturen: Obstgehilze B71 Epfel
BF2 Eimen
EF3 Kirschen
B7& Hussbiume
B7S sonstige Obatgehilze
B76 | Orangen
B77 Sonstige Zitrusfriichte
B2 Sonstige Dauerulturen B81 olivenhaine
BBZ Rebfidchen
BE3 Baumschulen
BB& Handelsgewdchse — Daverkulturen
c wald 1 e 22 Lkl
1z Hadelwald
c13 Mischwald
2 Sonstige Waldfdche 21 Sonstige Laubwaldflidche
22 Sonstige Madelwaldfidche
23 Sonstige Mischwaldfldche
D Buschland D01 Buschland mit sparlicher Baumbedeckung
D02 Buschland ohne Baumbedeckung
E Dauergriinland EOL Dzuergrunland mit sparlicher
Baum-/Strauchbedeckung
E02 Dauergrinland ohne Baum-/Strauchbedeckung
F Vegetationsames Land FoQ vegetationsames Land
G wasser und Feuchtgebiste LUl 5 Eiidg
GOz AieBande Binnengewasser
GO3 Kistengewsdsser
Go& Feuchtgebiste
GOS Gletscher und Dauerschneegebiste
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umversitétb'onn‘ Homogeneous Spatial Mapping Units

The HSMU is regarded as similar both in terms of
agronomic practices and the natural environment,
embracing conditions that lead to similar farming and
environmental situations

Sub-units of Nuts3 regions

Trade-off between level of detail and computation
resources

HSMU’s are constructed from four data sources...



T Homogeneous Spatial Mapping Units

Administrative Soil cover Soil type slope
boundary (Corine) (European Soil Database) (Digital Elevation Model)

Kilometars.
Fiume Ad

Homogeneous Spatial Mapping Units (HSMU)

PROVINCE OF PAVIA:

ITERSECT OF
20 LAND USECOVER CLASSES
UNITs

2510PE CLANSLS

1N
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Estimating land use shares

Step 1.
Locally Weighted Logit

LUCAS
+ + +
+ + +
HSMU
60ha 30% Sand
650mm Rain
700mm Rain

70% SWHE -> 42 ha
35% GRAS ->21 ha

Z0 " dA>»Z2—Hdumm

>

Prior Land Use Shares AT e A

72% GRAS ->28.8 ha

+ soil type (World Reference Base)
Y — f(X) * drainage

» presence of stones

* slope
Land use share . elevation
of 31 crops « rainfall

» sum of temperature
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umversitétb.onJ Locally weighted logit model

LUCAS GRAS

25% Sand
700mm Rain

SWHE

30% Sand
680mm Rain

Weighting Function:

SR

Locally Weighted Logit :

VXI

of
1+eP™

A(B'Xi) —
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R bt Locally weighted logit model

estimate a model for each
Nuts2
Corine class
crop
while determining
Optimal bandwidth
Significant explanatory variables

13
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N " Estimating land use shares
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LUCAS O
. Step 1. -

B Locally Weighted Logit

/ .
+ + + ]

HSWVU Step 2: B

ghest Posterior Densit

60ha 30% Sand
650mm Rain

70% SWHE -> 42 ha H
350 GRAS -> 21 ha
f > /J

40ha | 20% Sand Prior Land Use Shares

700mm Rain 26% SWHE -> 10.4 ha
72% GRAS ->28.8 ha

ZO0 - dAr»g ——0um

Nuts I

75% SWHE -> 45 ha

9 ->
55 ha SWHE 25% GRAS 15 ha

45 ha GRAS >

CONSISTENCY
25% SWHE -> 10 ha

75% GRAS ->30 ha

14



Consistent HPD solution
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[ B
. HSMU1 SWHE HSMU1 GRAS
Data consistent shares Y;" for all Cropscand HSMUh:
] PD PD
J b Ve /N
c,h c,h
max -3 3| log(v276,, J+ — S
c h GC,h 02 06 ‘o 1 0 otz 04 06 0?8 1
SHARE SHARE
S.t. z chl?]nAh = Ac z ch‘?]n =1 HSMU2 SWHE HSMU2 GRAS
h c PD PD
HSMU
70% SWHE -> 42 ha ' ' ' '
60ha 35% GRAS ->21 ha 02 04 06 08 1 0 02 04 06 08 1
/ SHARE SHARE
26% SWHE -> 10.4 ha
40 ha 72% GRAS ->28.8 ha
Nuts Il
% SWHE -> 45 ha
55 ha SWHE 25% GRAS -> 15 ha
45 ha GRAS >

25% SWHE -> 10 ha
75% GRAS ->30 ha
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Consistent HPD solution

Administrative data forces significant correction of apriori informastion

mean Standart Consistent solution
devialtion aggregate data

HSMU 1 gras 29 4.3 18
(pasture) wheat 10 1.6 22

gras 21 2.1 2
HSMU 2 (arable)wheat 42 4.2 58

total
Administrative |gras (52)
Region wheat (50)

16
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Consistent HPD solution

Very low standard deviation

Standard-
mean ..
deviation
HSMU 1 gras 29 4.3
wheat 10 1.6
(pasture)
total
gras 21 0.2
HSMU 2 (arable)wheat 42 4.2
total
Administrative |gras
Region wheat

Consistent solution
aggregate data

40

« HPD framework uses all information on expected mean and standard

deviation

« Standard deviation can have significant impact on final solution.

« Methods to derive standard deviation (asymtotic, numerical,
bootstrap) are important.

17



Crop shares in Germany
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grassland

sugar beet

wheat

= 10.00 = 20.00 = 20,00 < 100,00

= 5.00

0.00 < 0.00

18



universitatbonn

Validation at Nuts3

300

200

Area 1000ha

350-‘

250 A

100 A

50 A

O Dissaggregated

Barley

180
160
140
120 A
100

Area 1000ha

O Dissaggregated

Soft Wheat

ES417
O FSS Statistic S4B Esar O FSS Statistic ESHE s
Arable Land Grassland
600+ ] 700 -‘ﬁ
600 -
500 -
] - 500 |
f_—ﬁ 400 / P
= | § 400
3 300 - ‘; 300 A
g _ e
b 200 A < 200 -
100 100
0- 0-
ESAllosan oy i =
O Dissaggregated ESAW Esass eougs o O Dissaggregated ESA Esarr Louig
0O FSS Statistic ES418 Esq19 O FSS Statistic ES419
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Validation at Nuts3
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Framework to break down land
use to lower spatial scale
generally works

Shares of crops follow
actual distribution

Spatial statistics allow to
capture some effects implicitly

Highest Posterior Density
Estimator allows transparent
Inclusion of information on
uncertainty

Variances derived from the finite
sample improve on average the
final result
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N Dissagregation of land use characteristics
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HPD framework using prior information from:
Yield:
MARS CGMS vyield forecast as prior information
Irrigation data
Animal herds:
Based on regression model
N fertilizer:
Spatial yield expectation
Soil specific fertilizer recommendation (DEFRA)
Manure/Animal herds
Other inputs:
Spatial yield
Soil type



umversitétm Spatial data used in publications

Nitrogen fluxes:

Leip A, Achermann B, Billen G, Bleeker A, Bouwman A F, de Vries W, Dragosits U, Déring U, Fernall D, Geupel M, Heldstab J, Johnes P, Le Gall
A C, Monni S, Neveceral R, Orlandini L, Prud’homme M, Reuter H |, Simpson D, Seufert G, Spranger T, Sutton M A, van Aardenne J, Vol3 M and
Winiwarter W 2011a Integrating nitrogen fluxes at the European scale European Nitrogen Assessment ed M Sutton, C Howard, J W Erisman, G
Billen, A Bleeker, H van Grinsven, P Grennfelt and B Grizzetti (Cambridge, UK: Cambridge University Press) pp 34576 Online: http://www.nine-
esf.org/ENA-Book.

Leip A, Busto M and Winiwarter W 2011b Developing spatially stratified N20O emission factors for Europe. Environ. Pollut. 159 3223-32
doi:10.1016/j.envpol.2010.11.024

Hutchings N J, Reinds G J, Leip A, Wattenbach M, Bienkowski J F, Dalgaard T, Dragosits U, Drouet J L, Durand P, Maury O and de Vries W
2012 A model for simulating the timelines of field operations at a European scale for use in complex dynamic models Biogeosciences 9 4487-96
doi:10.5194/bg-9-4487-2012

Follador M, Leip A and Orlandini L 2011 Assessing the impact of Cross Compliance measures on nitrogen fluxes from European farmlands with

DNDC-EUROPE. Environ. Pollut. 159 3233—-42 doi:10.1016/j.envpol.2011.01.025

Landscape indicators
Energy flows

CAPRI-disaggregation 22
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Why NEW HSU277??

The old HSMU-layer worked fine, ....
BUT
White holes in the map (e.g. Norway...)
Cumbersome linkage to meteo-data (NitroEurope experience)
Applications of “CAPRI” data go quickly beyond CAPRI-domain...
Some improved delineation procedures
Arbitrary slope classes — no altitude
Non-contingent HSMU sometimes ‘far away’
Corine no ‘static’ characteristic



Delineation of the HSU2
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T

-nogo-filter: o
agging HSU2
 for ecosystem "i
- research 1

N
T

Soil Mapping Units
Administrative
regions (NUTS3)
Landform + shelf
area

0.25deg meteo grid

199901 units for EU28 +
318875 units non-EU28
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The HSU2-layers

1 km INSPRIRE
reference raster
(uscie-grid)

. 0.25deg meteo
grid

Admin regions

~» Soil Mapping Unit

o Landform

Point data



umversitétb'onJ Ongoing update of prior estimation

Inclusion of recent LUCAS data
methodological improvement (multinomial)
statistical software packages

...... Questions ?7?77?7?



