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1. Introduction

lanHolman
Environmental Science and Technology Depart@ranfield University UK

1.1 Backgroundto Deliverable 2.2

Deliverable 22 reports onone of the Tasks associated with the development of the
CLIMSAVE Integrated Assessment Platform (IAP):

e Task 2.4 Development and validation of the metedels within the 1A platform

However, because the development of the muidels is so intrisically linked to Task 2.2
(Development of the metaodel specifications), the outcomes from this Task which were
repored in D2.1(Holman& Cojocary 2010)are first summarised.

Given the participatory approach to the desmmd development of the CLIMSAVE
Integrated Assessment Platfo(wan Asselt& RijkensKlomp 2002) we anticipate that the

IAP and the associated metaodelswill undergo modifications througbut the duration of

the project in response to progressive stakeholder feedback from the activities of Work
Package$WP) 1 and 3 and from direct stakeholder engagement via the CLIMSAVE website.

As suchtheactivt i es described in this report repres:
O0sia-$t oneo.

1.2 References

Holman I.P. & Cojocaru, G(2010). Deliverable 2.1 A report describing the IA Platform
specification, metamodel specifications and the nugile approach. CLIMSAVE EC
FP7 Project 244031

van Asselt MBA, Rijkeng<lomp N (2002) A look in the mirror: reflection on participation
in integrated assessment from a methodological perspective. Global Environmental
Changel2: 167184
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2.  Summary ofthe development of the metamodel specificationgTask 2.2)

lanHolmart and GeorgeCojocartf
! Environmental Science and Technology Departm@rnfield University UK
2 TIAMASG Foundation, Bucharest, Romania

2.1 Summary of Deliverable 2.1

A metamodelling approacls being used in CLIMSAVEvherdy computationallyefficient

or reducedorm models that emulate the performance of more complex models are being
developed to deliver the fast run times required byAhelatform.For efficient deelopment

of the CLIMSAVE IAP, each of the metaodels {lescribedn the proceeding sectionare
designed to be modular, independent and capable of replacement at any time -ndodedta
specificationwas therefore developed to ensure successful linkagk iategration of the
metamodels, irrespective of the final algorithms inside each of rifetamodels. The
specifications have been defined in relation to anticipated stakeholder @dMSAVE

WP1), the vulnerability framework (WP5), the scenario metlogdoand climate and socio
economic scenario variables (WP3) and the requirements of the adaptive capacity
methodology (WP4), plus some redundancy for future development.

The development of the specificatirentthrough five distinct stages:

Defining the spatiaresolutionof thedatato betransfered between metmodels
Identifying and prioritising metanodel inputs and outputs;

Identifying points of contact between the metadels;

Specifying the data dictionaries for each matadel;

Standardisinghe data dictionaries across all of the metadels.

arwnE

For the European scale case study application of the CLIMSAVE IAP, the spatial scale of

data transfer between the meatadels represents a compromise between the scale of
available harmonised datasetspdel runtime and spatial detail of the outputs. The higher

the resolution at which the IAP operates, the greater is the number of times that the meta
models have to run and hence the greater the overall runtime of the IAP. It was agreed that
theEuropeaCL |l MSAVE | AP woul d operate at a resol u
mi nut e) , using the same grid as -9baseln€l i mat
climatology (CRU CL 2.1 Mitchell et al, 2003). This represents over 23,000 lhaded

grid squares across the CLIMSAVE European case sanely It has similarly been agreed

thatthe Scottish IARvill usearesolution ofskm x 5km

In order to deliver the fast welased response time demanded by this applicaipnocess

of metamodelling isbeing carried out on a set of tried and tested desktop models to abstract
the leanest representation consistent with delivering both functionality and spesed

upon the statef-the-art sectoral impact models available to the consortium (as ouilined

the Description of Work), model inputs and output were identified by the modellers and rated
for stakeholderelevance by thevider CLIMSAVE consortium. For the model inputs, the
prioritisation was based on their relevance to adaptation respavisést the model outputs

were prioritised according to perceived stakeholder relevance (e.g. areas at risk of flooding
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and flood damages) and/or policy relevance (e.g. rural-daedallocation for intensive
agriculture, extensive agriculture, abandoned lefw),

Points of contact were also identified between the metdels (Figure2.1) i these are the

linkages and influences between sectors, and represent data transfers between the models.
For example, following the flow arrawfrom the RUG model ifrigure 2.1 the simulated

area, | ocation and type of ur ban devel opme
residenti al devel op meRUG) affécts thenpopulateon exposedto mo d
flood risk (APeopl e af fdeMotleh,diver basin hywlogicahat e d
response (fABasi n -H)teevadd alvailablenfor\&gricutture @AdForestry

(Al anduse all ocati on o ifSFasnmVod) &and cohsaquently habitato ¢ a t i
availability (biodiversity model SPECIESand LPJGUESS).

Within any single simulation of the CLIMSAVE IAP, there will be five components of data
reading and transfers:

1. Data transfers from the user to the mmtadels, representing the communication of
input parameter values from the user (slibbars, timeslice, scenarios, etc) to the
models, via the Running Module;

2. Data transfers between the matadels, where the simulated output from one meta
model is an input to other metaodels;

3. Data transfers from the IAP database to the muidels contming, for example, the
input data for a useselected scenario;

4. Data transfers between the matadels and the user Interface, as outputs are selected
by the user for display;

5. Data thatis read into a meteodel fromthe metsmo del 6 s own i nternal

With the exception of (5), all of the above represent transfers of data which need to be clearly
defined in a transparent way for the consortium. Data dictionaries have therefore been
developed for data associated with {1{4), which unambiguously diee each variable or
parameter and its characteristics. The final step in the process is the standardisation of the
data dictionaries across all of the matadels, so that each end (IAP, database or-meta
model) of a data transfer (for example, metadelto metamodel; or IAP to metanodel)

uses the same data dictionary. This then allows the data transfers in terms of model variables
and parameters to be defined (Figure 2.2).

The metamodels themselves are implemented as Dyndumk Libraries (DLL) deeloped

in various software languages: Microsoft C++, Microsoft C#, Microsoft VB, and Delphi as
both managed and unmanaged code. They will be embedded in the main Running module,
working as one piece of software. The Running module will feed the DLLs afi#) din the

DLLs and collect the outputs. The exchange of data will be made available based on
structures of data transferred by pointers to minimise the time required for data exchange. In
this approach, the metaodel is told where to point data withine internal memory, rather

than the data being physically transferred to the model, with consequent time savings given
the number of grid cells (>23,000).

2.2 References

Mitchell, T.D., Carter T.R., Jone, P.D., Hulme M. & New, M. (2003). A comprehensive
set of climate scenarios for Europe and the globe. Tyndall Centre Working Paper 55.
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3. Introduction to Task 24 - Development and validation of the metanodels
within the 1A platform

lanHolman and @orgeCojocaru
! Environmental Science and Technology Departm@rnfield University UK
2 TIAMASG Foundation, Bucharest, Romania

3.1 Summary of Task 2.4

The CLIMSAVE consortium brings together a number of participants with expertise in
developing participatory integrated assessment platforms, such as the Regional Impact
Simulator (Holmanet al, 2008a;b), CLIMPACTS (Kennyet al, 2000) and SimCLIM
(Warrick et al, 2005).Participatory IA platforms are a vehicle for communication, training,
forecasting and experimentation (Welp, 2001, Kasetdl,, 2003, Jageet al, 2008), whose
usefulness is enhanced by the integrated assessment approach which taladtieklsrs to
explore / understand the interactions between different sectors, rather than viewing their own
area in isolationAn assessment of stakeholder needs for, and perspectives on, integrated
assessment platforms showed that stakeholders desirbd fble to perform their own
integrated assessmentinvestigating the impacts and adaptive responses of relevance to
themselves, rather than having to rely on the restricted outputs generated from a limited
number of simulations chosen arbitrarily bysearchers (Holmaret al, 2005; 2008a).
However, stakeholder involvement is discouraged in most IAs by the complex software and
unacceptably long runtimes (Wolé al, 2001). Holman et al. (2008a) developed the use of
computationally simpler modelling e c hni ques, -nsood ed asldl eadr Othred dau c
model s 06 (efalr2004)cvhtidnealusefriendly interface and evaluated stakeholder
experience (Holmaat al, 2008b).

The development of the CLIMSAVE integrated assessment platform, amdrisituent
metamodels, hasdarrt from this unique process.The following sections describe the
development and validation of each of the nmatadels describing key European sectors
(agriculture, forests, water, coasts, biodiversity and urban). Ttemuelels each simulate a
range of stakeholdeelevant impact indicatorand ndicators which translate the outputs
from the integrated sectoral models into ecosystem selvidesitors(Table 3.1) Ecosystem
services cover all key European sectors, sagltultivated ecosystems, forest ecosystems,
inland water ecosystems, coastal ecosystems, natural ecosystems and urban ecosystems. They
closely correspond to the key sectors studied by Working Group Il of the IPCC Fourth
Assessment Report (IPCC, 2007) amableclimate change impacts be linkeddirectly to
human weHbeing.

After the following sections which describe each of the matdels in turn, Section 14

concludes by summarising (Table 14.1) how the stakehodiievant indicators simulated by
the metamodels link to the ecosystem services in Table 3.1.
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Table 3.1 List of ecosystem services according to the Millennium Ecosystem
Assessment (MA).

MA category Ecosystem service
Provisioning services  Food
Fibre
Fuel/energy
Geneticresources

Biochemical/natural medicines
Ornamental resources
Fresh water
Regulatory services Pollination
Seed dispersal
Pest regulation
Disease regulation
Climate regulation
Air quality regulation
Water regulation
Erosion regulation
Natural hazard regulation
Invasion resistance
Water purification/waste treatment
Cultural services Spiritual and religious values
Education and inspiration
Recreation and ecotourism
Cultural heritage
Aesthetic values
Sense of place
Supporting services Primary production
Photosynthesis
Provision of habitat
Soil formation and retention
Nutrient cycling
Water cycling

3.2 References

Carmichael J., TanseyJ. & Robinson J. (2004) An integrated assessment modelling tool.
Global Environmental Chang#4: 171183

Holman I.P., RounsevellM.D.A., Shackley S., Harrison P.A., Nicholls R.J., Berry P.M.

& Audsley, E. (2005). A regional, muHsectoral and integrated assessment of the
impacts of climate and soegconomicchange in the UK: | Methodology. Climatic
Change, 71,491.

Holman I.P., RounsevellM.D.A., Berry, P.M. & Nicholls, R.J. (2008a). Development and
application of participatory integrated assessment software to support local/regional
impact and adaptatioassessment. Climatic Chang§6(1-2), 1-5.

Holman I.P., Rounseve|IM.D.A., Cojocary G., ShackleyS., McLachlan C., Audsley E.,
Berry, P.M., Fontaine C., Harrison P.A., HenriquesC., Mokrech M., Nicholls R.J,,
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Sustainability Science. Cambridge University Press, Cambridge.

Kenny, G.J., Warrick R.A., Campbell B.D., Sims G.C., Camilleri M., JamiesonP.D.,
Mitchell, N.D., McPhersonH.G. & Salinger M.J. (2000). Investigating climate change
impacts and thresholds: An application of the CLIMPACTS integrated assessment
model for New Zealand agriculture. Climatic Chang#(1-2), 91:113

Warrick, R.A., Ye, W., Kouwenhoven, P., Hay, J.E. & Cheatham, C. (2008w
developments of the SImCLIM model for simulating adaptation to risks arising from
climate variability and change. In: Zerger, A. & Argent, R.M. (Eds.) MODSIM 2005.
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4. Development and validation ofthe snow cover metamodel

MiroslavTrnka
Institute of Agrosystems and Bioclimatology, Mendigversity, Brno, Czech Republic

4.1 Snow cover model description

The snow cover metamodel is based otihe SnowMAUS snow cover simulator (Trnie al,

2010). The core algorithm used in the snow cover model for agrometeorological use
(snowMAUS) was proposed by Runni8gCoughlan(1988) and was modified by Trnla

al. (2010). The snowMAU3nodeloperateon a daily time step, with seven key parameters

that govern snow accumulation and melting. Snow melting is usually facilitated by other
factors, such as sublimation, sdnven allation and often combined with the influence of
wind. These factors cannot be directly considered due to the nature of the available input data
and were summed into a single empirical factor.

Data was gathered from 192802 from 65 sites across Austflagure4.1), which exhibited
considerable variability in elevation (153811 m a.s.l.). Of these stations, 65% were located

at altitudes below 800 m, where most agricultural activity takes place. Four of these sites
within the cropgrowing altitude rang (Irdning [A], Pabneukirchen [BJGleisdorf [C] and
Hohenau [D]) were randomly selected and the model calibrated for the perio20®28
(Figure 4.1). In order to test newly introduced routines and to verify the stability of the
selected thresholds, arnxtensive sensitivity analysis including Mor@arlo method was
carried out.

A ¢ A <

Figure 4.1. Area within which SnowMAUS model was originally calibrated and
validated.

The remaining sites served as independent tests of model performance and included several
high elevation stations where agriculture production was limited to hay production and/or
grazing. The datasets consisted of qualiptrolled and homogenized dasyrface weather
records, including observations of daily maximum and minimum air temperatures at 2 m
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above the surface, total daily precipitation, precipitation type, daily values of snow cover
height and continuity of the snow cover. Precipitation thas war ecor ded as o6t
replaced with 0.0nm, which had no significant effect on the precipitation totals. The snow

cover volume was expressed in terms of water equivalent in mm. Years with incomplete
observations of snow cover or precipitation during wWinter season were excluded from the

analysis. An overview of the station locations is provided imifeid.1.

The snowMAUS model effectively captured daily values of snow cover in terms of snow
water equivalent (Figre 4.2) across a large altitudinal gradient. The model was able to
explain, on average, 73% (ranging from 42 to 89%) of the variability in the number of days
with snow during individual seasons and, on average, 81% (ranging from 31 to 97%) of the
variability in the seasonal volume of snow between 1948 and 2002. The snowMAUS model
captured over 96% and 98% of the betwsi@ variability in the number of days with snow
and the volume of precipitation in tferm of snow, respectively (Figuré.2). Despite
accetable overall performance, the model overestimates snow cover at |cstddiaths and
underestimatesnow cover at high elevations for some seasons; however on the level-of long
term means (as applied in CLIMSAVE) this has marginal importance.
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Figure 4.2: Results ofthe SnowMAUS model validation at 61 sites in terms of longterm
climatology (19482002) of snow cover.

4.2 Development and validation of theSnowCover metamodel

In order to develojpa snow cover metaodel based on SnowMAU&at would be applicable

over the wider CLIMSAVEEuropeandomain, new datasets were acquired based on the
COST734 database (Trnkaal, 2011). In this databas83 sites withthe high quality daily
weather data needed for SnowMAUS runs were availatite foo the baseline (1972000)
climate, for the period around 2050 (using three global circulation models runs) and for an
assumed global warming of 5{€igure4.3).

The SnowCover metmodel was based oartificial neural networks ANNs; Qnet 2000)
that were calibrated and tested using outputs of the more detailed SnowMAUS model. The
model was calibrated on a training set of data that was sampled to cover the whole range of
predictors and the predicted varighble. number of days with snow. The samglof the
calibration dataset took into account values outside + 1 standard deviation from the mean of
each parameter. This model was then independently tested on the complementary validation
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dataset in order to calculate statistics of its performanag @t In total 12 differentANN

designs were tested with the most suitable one being selected on the blasigaofbility
explained (R) andthe root mean square error (RMSE). For the final desih different
initiations for the ANNwere testedout no significant difference in the outputgas found

The Environmental Stratification of Europe

Environmental Zone

B ALN - Alpine North
mm BOR - Boreal

NEM - Nemoral
B ATN - Atlantic North

| ALS - Alpine South
m CON - Continental
B ATC - Atlantic Central
mm PAN - Pannonian

LUS - Lusitanian

ANA - Anatolian A
s MDM - Mediterranean Mountains
@ MDN - Mediterranean North

MDS - Mediterranean South

Figure 4.3. Location of the 83 sites (black dots) used for the development of the
SnowCover metamodel lad over the environmental stratification of Europe of Metzger
et al.(2005) and Jongmaret al. (2006).

Two snow cover metmodels were developedthe first for days with more than 1 cm of
fresh snow (i.e. 1 mm of snow water equivalent) and the second for days with more than 10
cm of fresh snow (i.e. 10 mm of snow water equivalent) winohld allow leisure activities

and provide frost protectionfor crops. The performance of both snow cover rnetalels

were evaluated usinthe explained variability (B, mean bias error (MBE) and root mean
square error (RMSE) over the validation datasetuiieig.4). For days with more than 1 cm

of fresh snow (e. 1 mm of snow water equivalertbe fit is good, with a MBE of close tq O

a RMSE of 2.1 dayandmore than 99%f thevariability explained. The second metendel

for days with more than 10 cm of fresh snow (i.e. 10 mm of snow water equivalent) shows
similar accuracy (MBE = 0 day; RMSE = 2.6 days aAcR.99.

43 SnowCovermeta-model illustrative results

4.3.1 Baseline climate

Once the metaodel was trained and validatetdwas then applied across the CLIMSAVE
1086 Eur opean gunfacedf ntean srpw aovkudays (Fid.5).
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Figure 4.4. Comparison of the validation runs of the snow cover metaodels for snow
days with more than(a) 1 cm of fresh snow andb) 10 cm of fresh snow

Legend: No. of Days (> 10 cm) Snow (Cover
Present

25 40 55 70 85 100 115 130
8 Y3}

Figure 4.5: lllustrative results for mean number of days with more than 10cm ofsnow
during the period 19611990.
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4.3.2 Climate sensitivity

In order to testhe newly developed metmodel routines, an extensive sensitivity analysis

was carried outgainstchanges in temperaturea¢ross the rangéom -2 to +6°C) and

precipitation (from-40 to +40%). The results indicate that in terms of snow cover, days

temperature is thmain drivingfactor. Figire 4.6 illustratesthe profound impad of changs
in temperatue onthenumber of days with snow (withoahychange in precipitationhilst
Figure4.7 shows the lesser effect of precipitation changes.
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Figure 4.7: Sensitivity analysis of the snow cover metaodel (>10 cm of fresh snow)
over the precipitation range-40 mm to + 40 mm per month.

44 Integrating the SnowCover metamodel with the other sectoral metamodels

Currently, the present version of the SnowCover matdel is considered as staalbne,

providing indicators for ecosystem services related to recreation/tourism (Table 3.1)sOutput
may be used to Atrimo the results of SFARMO

could be used for winter tourism.
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5. Development and validation of the RUG uban meta-model

SophieRickebusch
Centre for Environmental Change and Sustainabiliyinburgh UniversityUK

5.1 RUG model description

The Regional Urban Growth (RUG; Rickebusehal, in prep) model simulates urban
growth as a function of changes in seempnomic variables @pulation, GDP per capita)
andsocietal values (strictness of planning constraints, household location preferences). The
model also takes into account local geography, travel times with the existing infrastructure
and city typology (e.g. monwersus polyentric).

The RUG metanodel in the IA platform consists of a loolp table of maps of the
proportion of artificial surfaces per 1060
according to the slider values set by the user for percentage changauiatipo and GDP

per capita, household preference for proximity to green space versus social amenities,
attractiveness of the coast (scenic value versus flood risk) and strictness of the planning
regulations to limit sprawl. The RUG met@odel then calcutas the relative change in
artificial surfaces compared to the baseline map derived from CORINEctased 2006

(CLC) and the area of residential and wenidential properties (which are in the same
proportion as in the baseline map). The artificial sxgfanaps were produced by running the
original RUG model (on a 1 x 1 km grid) with all possible combinations of input values and
aggregating the data to the 106 grid.

The original Europeawide RUG model (Rickebus¢cB010; Rickebuschet al, in prep) runs

on one NUTS 2 region at a time. It first calculates the expected quantity of artificial surfaces
for the region, based on the linear regression model developed bysiRedinRounsevell
(2006), whichlinks the proportion of artificial surfaces to the plgtion and gross domestic
product per capita. RUG uses two additional factors, urban type (large city versus smaller
city/rural region) and country, in this regression model. RUG then evaluates the potential for
settlement in each grid cell within the regn , based on the cell 6s <che
artificial surfaces, distance to the coast) and the parameters entered by the user for planning
and household preferences (e.g. strictness of planning constraints, attractiveness of the coast).
Table5.1 summarises the internal variables and those set by the user. The new percentage of
artificial surfaces returned for each cell depends on its potential for settlement and on the
total amount of artificial surfaces expected in the region.

The RUG modeler rent |l y runaenloyndo aasfsgmpwt fon, so i

shrinkage. If the projected proportion of artificial surfaces is lower than the baseline value, it
returns the latter.
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Table 5.1 Input variables and parameters for the RUG (meta)model.

Set by user in IA platform Internal to model

Change in population Population

Change in GDP per capita GDP per capita

Housc_ehold preferences for green space / sc¢ Current artificial surfaces
amenities

Strictness of planning constraints Distance tacoast

Attractiveness of coast Remoteness from medium & lar¢

cities’
Unsuitable areas (e.g. lakes, glacier

®Rickebusctet al.(in review)

5.2 Model calibration and validation

A calibration of all the input parameters was carried out in the previous version of RUG,
which covered East Anglia and Nomtfest England. This was done by running simulations
using the baseline data. The parameter values were set, by trial and error, so as to minimise
the difference between the simulated and observed maps, bearing in mind the significance of
each parameter.

When the RUG model was expanded to 25 European eesinfurther calibration tests were
carried out, particularly for variablesich aghe strictness of planning constraints, which is
less likely to be transferable as different countries apply different planning regimes. Figure
5.1 shows an example of thdifference between RUG results using baseline data and the
observed proportion of artificial surfaces, for different values of the parameter representing
strictness of planning constraints. The value of 0.2 used in the previous version of the model
still gave the best results, although it led to slightly too high values (up to an average of +4
%) in denselyurbanised grid cells. Increasing the parameter value to 0.3 or 0.5 increased the
differences in denselyrbanised grid cells. On the other hand, dedangathe parameter value

to 0.1 led to higher differences at the other end of the scale.

Figure 51 also gives an indication of how the model performs generally, given the parameter
finally chosen (0.2, red boxes). The differences between the baselintsgimwand the
observed data are on average arowdd%, with most values falling below 7 %. There are
also a few outliers with differences of over 30 %. This is probably inevitable with a general
model for Europe, as it cannot capture all the diversitlygimwthe simulation area.
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relative difference with RUG results [%]

prop. of artificial surfaces (from 250 m CORINE)
Figure 5.1: Comparison between RUG baseline simulations and observed CORINE data
for four values of the Astrictness of pl an

(boxes) extend from the T to the 39 quartile (with the median shown by the bold line)
and the dashed lines are the whiskers which extend to the most extreme data point

Figure 52 shows the proportion of artificial surfaces given by a RUG simulation with
Abaselined parameters ( no mth Aougplold externglitesp ul at
preference = 2, planning constraints & attractiveness of coast = medium). The results are
similar to the artificial surfaces found in the CLC map, though RUG tends teestiarate

the artificial surfaces, as shown in the nwphe differences between the two (Figur8, 5

left). These differences are absolute values, which accounts for them being generally greater
in heavily builtup grid cells. In relative terms, the differences tend to be larger in cells with
low densities bartificial surfaces. For example, an absolute difference of 0.8 in a cell which
contains 0.6% artificial surfaces according to CLC is equal to +133.3% relative difference.
On the other hand, an absolute difference of 6.0 in a grid cell which is 55.084bui
according to CLC is only +10.9% in relative terms. However, in both cases CLC and RUG
show proportions of artificial surfaces of the same order of magnitude.

There are several causes for the differences between the CLC map and the RUG baseline
simulation, aside from the fact that no model can ever represent reality exactly, but at best

will show similar patterns. RUG is a growtimly model, i.e. it assumes that no artificial
surfaces are removed, even if the population decreases for instance, eduahts for its

tendency to oveestimate artificial surfaces. Negative differences are small and can be put
down to differences in rounding and aggrega
same model parameters, e.g. for planning constraintsighooit Europe has the advantage of
allowing the same model sep to be applied to the whole study area, but the down side is

that the baseline parameter values will be more suitable for some countries or regions than
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others. Additionally, the regressiomriction linking artificial surfaces with population,
despite including factors for country and large city, only explains 72% of the variation, the
rest being down to other factors, e.g. industrial development due to the presence of coal.

Poriodtage wtBe d ataces
CORNE Larad <o

A

FERE -

Figure 52: Artificial surfaces derived from the CORINE land-cover map (left) and
produced by RUG with baseline parameters (right).

Muze Oflerence in watcis

Figure 5.3 Difference in the percentage of artificial surfaces projected by a RUG
simulation with baseline parameters and those in the CORINE landover map (left).
The map on the right shows the same data averaged by NUTS 2 region.
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Figure 53 (right) shows the mean per NUTS 2 region of the difference in artificial surfaces
between the RUG simulationith baseline parameters and CLC. This gives an overview of
the regions which are best represented in RUG and those in which the model does not
perform as well.

5.3 RUG model outputsand integration with other meta-models

The main variable produced tiye RUG model is the proportion of artificials f aces per

X 106

@gFrgured 54) cwehichl has a range of 0 to 1-100 %). It is used as a base to
calculate other RUG output variables. It is also an input to the SFARMOBusndodel
(Sectionl0).

From the above, RUG calculates the percentage difference in artificial surfaces relative to the
baseline value (derived from CLC) for each cell (Figum®.5Thisis used by the WBM

model(Section9) to calculate the changes in water flow due to s@fsealing.
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RUG also calculates the suréof residential (CLC category 1.1) and fresidential areas
(CLC categories 1.2 1.4), in square kilometres, within each grid cell. This is based on the
baseline proportions of residential versus-nesidential areas in each cell. For example, if a
cel has a baseline value of 1 kmrtificial surfaces of which 75 % (0.75 Kjrare residential
areas and RUG predicts the artificial surfaces will double, then there will be £.5fkm
residential areas. These variables are passed tG€RRA®od model (Sectin 7), to assess
damage and risk to people.
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Finally, RUG calculates the average percentage difference in artificial surfaces relative to
baseline value across all cells. This aggregated indicator is displayed on the IA platform, to
give the user a quickdication of the general effect of the settings they have chosen.
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6. Development and validation of the metaGOTILWA+ forest metamodel

JoanMaspons and &ti Sabaté
CREAF, Autonomous University of Barcelona, Spain

6.1 Introduction

MetaGOTILWA+ is used in the IA Platform to simulate the impacts of climate change on
forest ecosystems services such as wood productidigrcaalanceetc (Table 3.1)and how
forest management might play a role to mitigate such impacts on the mairsforeists that
occur over Europe.

MetaGOTILWA+ is based othe GOTILWA+ model. The full GOTILWA+ model requires a

lot of computational time to simulate each forest type, in each location (pixel) in Europe
under different climates and management regimeasceSthe IA platform requires a fast
runtime a new metanodel versionhas been develope provide responses ia few
seconds. Neural networks have been used to reproduce GOTILWA+ outputs as a function of
GOTILWA+ inputs.

6.2 GOTILWA+ model description

The GOTILWA+ model (Growth Of Trees Is Limited by WAter,
http://www.creaf.uab.cat/gotilwaysimulates carbon and water uptake and fluxes through
forests of different tree species and in changing envirameheonditions, due to either
climate or managememegimes. The input data includelimate (makmum and minmum
temperaturgprecipitation vapour pressure deficitvind speedand global radiation); stand
characteristics (tree structuamd diameter atoreast heightBH) class distribution); tree
physiology (photosynthetic andtosnatal conductance parametergnd site conditions
including soil characteristics and hydrological parameters. The processes are described with
different submodels that inter and integrate the results of simulated growth and evolution

of the whole tree stand through time (hourly calculations integrated at a daily time step).

The light extinction coefficient is estimated by Campbell's approach (1986), based on an
ellipsoidal leaf angle distribution. The photosynthesis equations are based on Farquhar and
co-workers approach (Farquh& Von Caemmerer1982). Stomatal conductance uses
Leuning's approach that modifidse Ball, Woodrow and Berry model (Leunin$995). Leaf
temperature is determined based the leaf energy balance (Gate$3962 1980) and
transpiration is estimated according to the PenManteith equation (Monteitil965 Jarvis

& Mcnaughton 1986). Autotrophic respiration is separated into maintenance and growth
respiration. Maintenance respiration is calculated as a proportion of total respiring biomass
(structural and nostructural components distinguished), with satthat depend on
temperature according to a Q10 approach. Growth respiration is a fraction of available
carbohydrates for growth consumed when transformed into new tissues. A constant efficiency
of 0.68 is assumed (g of new tissue / g of carbohydrhilel)primary production PP is
allocated first to form new leaves and fine roots to comperfsatéheir turnover. The
remainingNPPis allocated to the pool of mobile carbon in leaves and woody tissues. The
surplus is invested in new tissues (leaves, fo®s and sapwood) according to the pipe
model (Shinozakiet al, 1964). Soil is divided into two layers, organic and inorganic
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horizons. Soil organic matter (OM) is originated by plant litter: leaves, branches, stems and
reproductive organs aboveground a&oarse and fine roots belowground. OM is decomposed
depending on soil temperature (according to a Q10 approach) and soil moisture (optimal at
60% of the maximum soil watditled porosity). Soil moisture is calculated based on water
inputs and outputs ansboil traits. Temperature also affects leaf shedding through a Q10
approach. Root mortality is also dependent on temperature (Q10 approach), soil moisture and
the length of the growing period.

6.3 GOTILWA+ validation and application

The GOTILWA+ model ha been extensively applied in different European projects such as
LTEEFRII, ATEAM, SILVISTRAT andALARM. To check that the model provides realistic
results, it has been tested against empirical flata the Forest National Inventories well

as comparedavith other process based models (see Kramer et al 2002, Morales et al 2005,
Keenan et al 2009a). Within the previous proje@OTILWA+ has keen applied Europe

wide (seeSchroter eal 2005; Keenan et al 2009bkeenan et al 2010).

6.4 Development of the netaGOTILWA+ meta-model

Artificial neural networks(ANNSs) have been developed to emulate the performance of the
GOTILWA+ model but provide results in a few seconkisorder to train théNN, around

900 cells were selected across Ewdp explore the response of GOTILWAacross all
ranges of environmental conditiongFigure 6.1) These cells were selected ¢osure the
represetivity of climatic conditions and to include more extreme conditions by selecting
cells with higher and loweralues for each input variable (Table 6.1). Simulations were run
from 1950 until 2100 using climatic data from the HadC§i8bal climate model fothe

A1B emissions scenario. CLIMSAVE only simulating impacts until the 20503owever,
including a greaterange of projections ensures thattrapolationis avoidedbecause the
climatic conditions of th€050s will be well captured withithe GOTILWA+ simulations.
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Figure 6.1: Sample cells used to train the Artificial Neural Networks. Colors indicate the
region to which the cell belongs
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Table 6.1 Input variables for the metaGOTILWA+ meta-model.

Variable Definition

Temperature Monthly mean temperature

Precipitaton Monthly mean precipitation

Effective soil volume The product of the mean soil depth and the proportion of stones
soil

CO, Atmospheric C@concentration

Forest management Forest management regime (no management, even aged manage

uneveraged management)
Tree species Dominant tree specsén the forest

For each cell simulations were conducted for all characteristic species from the region, all
management regimes and withur different levels of effective soil volume to produce the
variables listed in Table 6.2.

Table 6.2 Output variables simulated by the metaGOTILWA+ metamodel.

Variable Definition Ecosystem Service
indicator

Wood yield Wood yield in managed forests Wood production

Net Ecosystem Exchange Carbon balance of the ecosystem Carbon balance

Net Primary Production  Carbon balance of the primary producers Forest physiological
viability
Gross Primary Production Total amount of carbon fixed by the trees Carbonbalance

Biomass stock Sum of soil organic matteapoveground Carbon stock
biomass and below ground biomass

Water stored in soil Amount of water stored in soil Water stress indicator

Length of the growth perio Length of the growth period determined |
temperature and water availability

Fast Artificial Neural Networks libraryhftp://leenissen.dk/fanrhas been used to build and
run the neural networks. An evolving topology training algorithm (Cascade?2) was/hséd
dynamically builds and trains the ANN.

6.5 Meta-GOTILWA+ validation and illustrative application

The predictions of thANN were tested against data from cells which have not been used for
training Although there is inevitable scattér the example results fdPinus sylvestris
(Figure 6.2) there is a strong 1:1 relationship between the outputs of metaGOTILWA+ and
GOTILWA+. Figure 6.3 shows example spatial results actbesselected climate zones
across Europm whichPinus sylvests grows fa the baseline climate.

Page25


http://leenissen.dk/fann

GPP (kg/halyear) NPP (kg/halyear)

o 7 .
=] Zsoil=0.1 © Zsoil=0.1 /0
S o zeio0s > 7  Zwil=03 °© °
© ° Zsoll=05 @0 © Zsoll =05 o
o Zsoil=1 o S |ezsei=1
o 8
3 © ~ QD(& )
S R
(3] e
o
< 8 < 5 v
S
R 5 8-
= »6 @
3 8 3
5 87 ke
v « %
= Q 3 _ %o
S S
3 7 %
- j Adi.R®=0.403
= 7/1\.d1].R2:0.59 o ‘
- Y o o RMSE = 679.26
2 e 51° ¢
MBE =-1605.021 - ‘ MBE =-171.495
T T T T T T T T T T T T
10000 20000 30000 40000 0 1000 2000 3000 4000 5000 6000 7000
GOTILWA+ GOTILWA+
Ws (kg/m2)
o © Zsoil =0.1 @
N o Zsoil=0.3
T | o Zsail=05
© Zsoil=1
o
S
e
< 8
=
=
=
0O o |
0] ©
8
(3]
= o |
<
o | Adj.R®=0.941
o -1
RMSE = 7.49
MAE = 5574
© MBE = 0.442
T T T T T T T
0 20 40 60 80 100 120

GOTILWA+

Figure 6.2: Comparison of outputs from GOTILWA+ and metaGOTILWA+ for Pinus
sylvestriswith different effective soil depths [GPP- Gross Primary Production; NPP -
Net Primary Production; Ws - Water in soll].

6.6 Integration of metaGOTILWA+ with other sectoralmeta-models

MetaGOTILWA+ outputs aréeingused to assess the effects of climate chamgeuropean
forests and the ecosystem services provided by them. Some outputs swadgeld are
passed according to the climatic conditions, soil depth, management and dominant tree
specis to the SFARMOD metamodel to include inputs from the forestry sector to optimize
land use (se8ection 10).
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Figure 6.3: Outputs from metaGOTILWA+ for Pinus sylvestrisfor the boreal,
continental and alpine regions using the baseline climate and an effective soil depth
0.25m (without stones). [GPP- Gross Primary Production; NPP - Net Primary
Production; Ws - Water in soil].
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7. Development and validation of the fluvial and coastal flood zone meta
models

MustafaMokrech,Abiy S Kebedeand RobertJ Nicholls
School of Civil Engineering and the Environmeunjversity of SouthamptotuK

7.1 Introduction

The CoastalFluvial Flood metamodel CFFlood) aims to provide estimates of the sacio
economic and environmental (i.e. flepthin habitat) impacts ofuture flooding that are
attributed to climate change and ge& v e | rise in Europeoddltcoast a
also accounts for future soeemonomic changes by investigating human pressures under a
range of socieeconomic scenarios. The modal operates at multiple scales: the impacts at

the baseline conditions are estimated using 500 m spatial resolution data sets to establish
credible results, while future scenarios are investigatdtleat 06 resolution. Thebaseline

data sets are mostlggampled from higher spatial resolution data sets (i.e. 100 m resolution
CORINE landuse data and 100 m flood maps). The results of the-metl are
communicated to the Integrated Assessment Platform (IAfRga06resolution and reported

to the usern the forms of maps, tables and graphs.

7.2 CFFlood modeldescription

A conceptual framework of the CFFlood meta@del has been developed to explain the
variables and the main steps for implementing the -metdel. The framework consists of
three main sumodel components: (1) Coastal flood, (2) Fluvial flood and (3) Habitat
change/loss components. These componentsoaig@edand arealsointegratedo a range of
plausibleadaptation measures that allow timalgsis of plausible responsesciomate change
andsealevel rise.

7.2.1 Coastal flood submodel component

The framework of the coastal flood compondRrigure 7.} illustrates the main steps
implemented forassessinghe impacts of coastal floodinghe method uses the estimated
Standard of Protection (SoP) parameter for analysing the change in flood risk due to the
effect of relative setevel rise on extreme sea levels. It assumes that SoP decreases and flood
frequency increases with a rise of erteesea level (Mokrecét al, 2008):baselineextreme

sea levels are produced by a combination of astronomical tidesetedrologicallyinduced

storm surges, anfdture sea levelsare increased by séavel rise

The flood risk zones are identified by analysing the topography against the regional extreme
sea levels, based on presday extreme sea levels and relative-lee@| rise scenarios, as
appropriate. Consequently the area at risk of flooding is calcutatddan estimate of the
people living in the flood risk zones is calculated using population density. A comparison
between the extreme water levels and the estimated SoP detethenactual extent of

! Note that intraurban flooding (Evanst al, 2004a; 2004b) which operates at a smaller scale and via different
mechanisms (e.g., more intense precipitation and overwhelmed drains) is not considered by the CFFlood meta
model.
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flooding within these flood risk zones. Hence, the nendf people who experience flooding

is determined (based on the population within the flooded areas). The flood damages for
residential properties (both contents and structure) are also calculated based on flood water
depths following the damage curvesyided byLinhamet al.(2010).
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Figure 7.1: Coastal flooding component in the CFFlood metanodel.
7.2.2Fluvial flood submodel component

The fluvial flood component follows a similar approach to the coastal flood component
(Figure 7.2) For data, it uses flood maps for the rivers in Europe produced by the JRC
Institute using LISFLOOD simulations at 100 m resoluti¢gieyenet al, 2011) These
simulations providdlood maps for fluvial catchments (both extent and water depth) with
return periods of 2, 5, 10, 20, 50, 100, 250 and 500 years, assuming no flood defences. These
maps have been used as indicative maps of the flood risk zones in the CLIMSAVE project.
Thefluvial flood model is implemented aldustratedin Figure 7.2 to estimate the outputs of
land area in flood hazard zones, people living in flood hazard zones, people affected and
flood damages. The flood maps are analysed in conjunction with the CORMNESe data

and the results are griddedthée 106 esolution. The estimated Standard of Protection (SoP)
parameter is used to analyse the change in flood risk due to changhodf nadues
(Mokrechet al, 2008). The changes in the peak river flow agewkd from the VitelGAP
model(Section 8)
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Figure 7.2 Fluvial flooding component in the CFFlood metamodel.
7.2.3Wetlandchange/loss suimodel component

In addition to flood constraints on agricultural production and damages on people and
property, the CFFlood model assesses possible changes in the area of flood plain habitats
comprising O0saltmarsho, Oi nterti dgal mafrlsahtdés 6i n
coastal flood plains, and o6fluvi al grazing n
interest under the Habitats Directive. Saltmarsh and intertidal flats exist seaward of defences
and are subjected to tides, while coastal gramwagshes are largely artificial habitats that

exist landward of defences in areas that would otherwise be intertidal habitats. The direct
impact of sedevel rise on coastal wetlands is assessed following the broad scale model of
McFadderet al. (2007) (sealso Richardt al, 2008). The wetland change/loss component
accounts for both habitat loss and habitat change, where the three influencing factors of
accommodation space, sediment supply and rate of relativievaaise are considered.
Consequentlyhabitats such as saltmarsh, coastal grazing marsh and intertidal flat can be
either lost under high forcing conditions or can experience transition under the low to
moderate forcing conditions (as shown in Figure 7.3). The model is being calibrated at the
regional scale to determine the proportions of change. The direct effectsleValedse and

the effects of defence abandonment due to managed (or unmanaged) realignment are also
included. In river valleys, loss of areas is a function of human manageite floodplain

and this will be one output from the agriculture model. Policy can also decide to conserve and
enhance these habitats. The model of fluvial wetlands is based on identifying land areas
within the fluvial flood plain that can be candiegafor inland marshes. These are linked to

the environmental emphasis of the explored futures

Page31



The CORINE land cover data is used to establish the baseline of the intertidal habitats:
saltmarshand intertidal flat. However, the designated habitats landward of coastal flood
defences are not defined in the CORINE land cover dataset. There is not a standard European
nomencl ature for these areas and t Hhethe are v

UK), or o6ésummer poldersd (in the Netherl ands
develop a generic methodology, pasture areas located within the coastal flood plain are
assumed to be Ocoast al grazi ng chmabitathida and

CLIMSAVE. This assumption is being tested against European sites and data, including
designation. There may be issues in the Mediterranean and Baltic due to their low tidal range
(see RuppArmstrong& Nicholls, 2007). If defences are abandd or realigned, the new

intertidal land experiences a transition to saltmarsh and intertidal f&itsilarly, pasture

areas in the fluvial flood plain are assumed

High Forcing Low — Moderate Forcing

Grazing marshes | ‘ Grazing marshes ‘
Saltmarshes 3 "

Intertidal flats ‘

Saltmarshes ‘

2

‘ Intertidal flats ‘<I

|
v 3 1
‘ Open Water k% 2
Open Water Proportion of loss distributed through wetland transitional types
1 Grazing marsh loss to saltmarsh 34%
Grazing marsh loss to intertidal flats 33%
Grazing marsh loss to open water 33% | CALIBRATION
2 Saltmash loss to intertidal flats 50% '
Saltmarsh loss to open water 50%
3 Intertidal flats to open water 100%

Figure 7.3 Example of modelling wetlands loss/change for coastal areas (adapted from
McFaddenet al, 2007).

7.2.4 Pre-processingand indicators
Estimating the indicative flood protection level across Europe

There is no European dataset on existing flood priotedevels for coastal and river areas.
Hence, as a first stegtandard of protection values are assigned according to the land
use/cover classes in the impact zones. Heimckcative standards for flood defences for
Europe (coastal and fluvial) @ been estimatedollowing the UK DEFRA methodology
(MAFF, 1999) linkedwith the CORINE land use/cover datahelresulting dataset is being
calibrated using published da#dout flood protection in individual regions/nations in the
European Uniofi for examplethe Netherlands has built an extensive coastal defence system
that provide protection up to the 1 in 10,000 year floedent, while the Thames Barrier
provides the city of London with protection against a 1 in 1000 year flood event, and we have
the natimal flood defence data for England and Wales. This method provides a consistent
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approach for establishing a European dataset on flood protection without representing any
entitlement or obligation for achieving these protection levels. The calibrationsprise
expected to continue until thAP is finalisedto allow the integration of all published
information about levels of flood protection in Europe, as well as assessments within this
project and assessment of other unpublished sources, wherevergpdssilé 7.1 shows the
indicative standards of protection for five land use bands in fluvial and coastal flood zones
considering an indicative range of land usehe average ranges of fluvial and coastal
indicative standard of protection is adopted fax European region. If better local data can

be acquired, this data will be used.

Table 7.1 Indicative standards of protection and land use ffom CORINE) (after
MAFF, 1999).

Land Description Land Use (CORINE Indicative standard of
use classe$ third level)  protection
band Fluvial Coastal
Return Return
period period
(years) (years)
A Intensively developed urban areas. 111 50-200 100-300
B Less intensive urban areas with so 112, 121, 122, 123 25100 50-200
high grade agricultural land and/ 124, 131, 141, 142
environmental assets. 211, 212, 213,221
222,223
C Large areas of higlgrade agricultura 132, 133 5-50 10-100

land and/or environmental assets w
some properties.

D Mixed agricultural land with occasioni 241, 242, 243, 244, 1.2510 2.520
properties at risk of flooding.

E Low-grade agricultural land (ofte 31, 311, 312, 313 0-2.5 0-5
grass) or seasonally occupied propen 321, 322, 323, 324
at risk. 333

F All other classes 0 0

Topographical data

The SRTM data at 3 arc second (i.e. almostmdG&patial resolution and the Gtopo30 data at
30 arc second (i.e. almostkin) spatial resolution have been processed to produce a DTM
with full European coverage. The DTMatassified into bands at 0.25 m elevation intesval
along the coastline, covering the maximum range of combinekbgelarise, land subsidence
and the extreme storm surgeai000 year event. This data sethen gridded athe 106
spatial resolution.

Extreme sealevel data

Four extreme sekevel eventsi(e.the 1 in 1, 1in 10, 1 in 100 and 1 in 10@&urn period
events) and associated land uplift/subsidence (the local geological componenesekea
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change) have been gridded the 100 resolution. These data are derived from the DIVA
database (Vafeidist al, 2008).

Socieeconomic indicators

The socieeconomic scenarios are used to develop a series of-sommmic indicators
relevant to flooding as follows:

e Change in GDP is used to reflabe change in economic conditions and how these
wi || i nfluence the flood damages of prope
¢ Average household size: this indicator allows the number of properties to be estimated
as a function of population. The NUTS3 data set provides thieg® household size
for the baseline this data is gridded at ©i8patial resolution
e Population density: the population density is used to estimate the number of people in
flood risk areas. The NUTXdata set provides this varialiter the baseline this data
is gridded athe 10 areminute spatial resolution.

7.2.5 Adaptation strategies within the CFFlood metaodel
The adaptation strategies investigated within the CFFlood-metke| are designed to focus
on human safety and/or an environmental emphasis (to sustain or enhance habitats) (see

Table 7.2).

Table 7.2 Adaptation measuresfor the CFFlood metamodel.

Policies Emphasis on Human Safe Emphasis on Environmer
1. Improved flood protectior a
2. Retreat a

3. Flood resilience
4. Mixed response

Qe an

Emphasis on Human Safety

These adaptation measures aim to reduce flood risks (for people and properties) through the
following three categories:

a) Increase floogbrotection by 50%, 100%, 500% and 1000%: this will be applied directly to
the baseline protection levels and applied uniformly for all Europe.

b) Resilience measures: considering that new properties will not be affected by flooding (e.g.,
by raising them abavground levels) up to a predefined threshold of flood event (e.g., 100
year event), while the old properties will suffer from flood damage but at a reduced rate
depending on the types of resilience measures applied (e.g., using flood gates).

c) Mixed respone: four mixed responses that are consistent with the four-soommomic
scenarios are applied in a portfolio of adaptation measures (cf. Evahh2004b; Thorne
et al, 2007), where a number of plausible scenarios that combine flood protection
improvament, retreat, and flood resilience measures are investigated. The link with the
sociceconomic scenarios considers the storylines of each scenario for designing these
responseand will be defined with WPR3
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In order to develop the four mixed responsepsatfon strategies and to determine when to
defend, retreat and/or apply resilience measures, population densitypdasitly land
use/cover data) will be used to determine ranges and thresholds of population d@nsity (
both the baseline arttie futuretime slices othe 2020s andhe 2050s). For example, highly
urbanized areas will be protected, retreats will be applied in undeveloped areas, and resilience
measures will be applied in areas with low to high urban developments. The thresholds for
determinng and applying these measures can be linked with the-eocimmic scenarios.

Emphasis on Environment

This includes the possibility of either maintaining wetland habitat areas at the baseline level
or doubling the area of these habitats. Habitat kaeses will be determined from the habitat
model by comparing with the baseline stocks, while the rules for determining candidate sites
for habitat creation (via retreat) may include the following:

Retreat rules

e Retreat will take place in areas insitie floodplains (coastal and fluvial)

e Nonurbanized areas will be considered first

e If non-urbanized areas are not sufficient for maintaining or doubling habitat stocks,
then very low urbanized areas can be considéréus will require establishing a
threshold of population density by analysing the population defwitthe baseline
and the future time slices dfie 2020s and 2050s within the floodplains (e.g., 1 in
1000 year event for the coastal floodplain and 1 in 500 year event for the fluvial
floodplain). The highly urbanized areas (i.e., 111 urban class) will be definitely
excluded.

Rules at habitat levels

e Saltmarshandintertidal flat: the coastal grazing marsh areas that will be changed to
saltmarsh due to a change in salinity in the habitateinadll be considered to be
suitable for saltmarsh. Any other areas within the coastal floodplain will be
consdered candidate for saltmarsWe will assume that areas that are not at the
correct height are raised or lowered to an optimum helgte avaihble areas can be
split between candidate areas for creating saltmarsh and candidate areas for intertidal
flat (e.g. 50% for each).

e Coastal grazing marsh: assesall pasture can be considered as candidates for coastal
grazing marsh.Fluvial (inland) marshis also treated similarly within fluvial
floodplains.

7.3 CFFlood metamodel calibration and validation

The input parameters into the CFFlood mmetadel have beercalibrated using availaél
published data and studidsgure 7.4a shows an example of tle®astal flood protection
levels used to calibrate the data set produced from the classification of the CORINE land
usetover data. This process will continue for the flood protection datargitthe IAP is
finalisedas more data become available forimas regions in Europe. The flood maps are
also verified using available flood majesg.Figure 7.4b shows good agreement betwiben

flood map ofthe 250 year return periodndthe 200 year indicative flood map (2003) i th
Norfolk region (in England)
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The outputs of the CFFlood metaodel are being validated using existing studies and results
T for example, by comparing against regional results from the ReglS2 model outputs for the
East Angelia region in the UK.

Coastal Flood Protection gt —_-

Mo irflesnces from the wea

LIZE0 g i

12000 par i
B L0000 pad e
I O e

250 vear retun period
T O
Indicative Floodplain 2005

<
(a) Coastal flood protection in the (b) Screenshot of the 250 year flood map anc
Netherlands. the 200 year indicative flood map for an area

in eastern England (part of Norfolk).
Figure 7.4: Calibrating/validating the input parameters into the CFFlood metamodel.
74 Integration of CFFlood with the other sectoral metamodels

Input data onthe square kilometresf residential (CLC category 1.1) and namesidential
areas (CLC categories 1:21.4) within each grid cells provided from the RUG metaodel
(Section 5) and usetd assess damage and risk to peoflbdanges in peak river flosvare
derived from the WaterGAP model (Sectiont@®@lse in the analysis of fluvial flood risk

The coastal and fluviallood analyss is used aan input to the SFARMORgricultural land
usemodel (Section 10 it constrais arable farmingvhichis assumed to beot possible for

areas flooded more often than once every 10 years, while any types of agricultural land use is
assumed toénot possible for areas flooded more often than once every year (Makrakch

2008).

Outputs on the areas of flood plain habitats are used as inputs to the SPECIES model (Section

13) to mask the potentially suitable climate space for individual epexssociated with
saltmarsh and coastal grazing marsh habitats.
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8. Development and validation of theWaterGAP water resources and water
usemeta-models

Florian Wimmer, SephanieEisner and MrtinaFlorke
Center for Environmental Systems Resedtiyersity of KasselGermany

8.1 WGMM model description

The WaterGAPmetamodel (WGMM) is used in the IAP to assess the impacts of global
change on water resources and water use in Europe. WGMM is designed to be a surrogate for
the global hydrology andvater use model WaterGAP (WaterGlobal Assessment and
Prognosis), which has been developed at the Center for Environmental Systems Research
(CESR) aiming at an integrated perspectivahafimpacts of global change on the water
sector (Alcameet al, 2003; Doll et al, 2003). It consists of two main components: a global
hydrology model and a global water use model.

In order to achieve a very short runtime, the spatial detail of WGMM is reduced from more
than 180000 grid cells of WaterGAP3 for Europe about 100 spatial units larger than
10,000 km2. Those spatial units, hereafter referred to as river basins, are made up either by
single large river basins or clusters of smaller, neighbouring river basins with similar hydro
geographic properties. Foaeh river basin, the metaodel simulates the output parameters
given in TableB.1, which are longerm statistics of the corresponding WaterGAe4aults for

30-year time periods.

Table 8.1: WGMM output parameters.

Model output parameter Description Spatial level

Qavg (M3/s) Long-term average river discharge Grid cell

Qos (M3/s) Low flow river discharge (exceeded in 95% of the day: Grid cell

Qs (M3/s) High flow river discharge (exceeded in 5% of all days) Grid cell

Qmed (M?3/s) Flood flow, mediarof the annual maximum daily Grid cell
discharge

Ecosystem service indicator Difference of @ and Qs normalized by Q4 Grid cell

(ESI) for flow regulation

Water availability (mil. m3/y) Annual renewable water resources River basin

Water availabldor agriculture Water availability minus water consumption in other  River basin
(mil.m37y) sectors

Water availability per capita  Ratio of water availability and number of people River basin
(m3/caplyear)

Total water use (mil. m3/y) Total water uséwithdrawals and consumption) River basin
Water stress indicator)( Water withdrawaldo-availability ratio River basin
ESI for drinking water Satisfaction of water demand (withdrawals) in domesti River basin
provision sector

ESI cooling water Satisfaction of water demand (withdrawals) in thermal River basin

electricity production
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Moreover, WGMM output parameters related to river flow, i.g;, Qavg Qs, and GQueq are
downscaled tahe1 OXxdL 06 gri d <cel | s. Her e, each grid ¢
river basin. For each parameter, the downscaling is achieved by multiplying the grid cell
values for baseline conditions by the changes in the matching river basin relative iteebasel
conditions.

8.1.1 The WGMM hydrology model

The aim of the hydrological model WaterGAP is to simulate the characteristic -stateo
behaviour of the terrestrial water cycle in order to estimate water availability. Based on the
time series of climati data, the hydrological model calculates the daily water balance for
each grid cell, taking into account physiographic characteristics like soil type, vegetation,
slope and aquifer type. Runoff generated on the grid cells is routed to the catchment outlet
according to a global drainage direction map (Leheteal, 2008) taking into account the
extent and hydrological ef€ts of lakes, reservoirs, damnasid wetlands. The model is
calibrated by adjusting one free parameter, which controls the fractionabfuabff from
effective precipitation in order to minimize the error in simulated-t@mg annual discharge.

For the current version, WaterGAP3, the spatial resolution of the model raster has been
increased from 306 x 3 Qidfinar spatiaél éesobutiory the proBeasr t | vy
representations of runoff formation and runoff concentration in the hydrological model have
been substantially improvethcluding

¢ Revision ofthe snow dynamics ahesubgrid scale (Verzan& Menzel, 2009);

¢ Representation of permafrost occurrence directly affecting groundwater recharge (aus
der Beek& Teichert, 2008);

e | mpl ementation of a vari alklDél 20w velocity

e Introduction of a meandering factor to improve the representafiaiver length
(Lehneret al, 2008);

e Estimation of potential evapotranspiration and ground water recharge taking into
account K°ppends climatic regions (Wei G,

¢ Implementation of dams from the Global Reservoir and Dam Database (GRanD) and
the Europan Lakes and Reservoir Database (ELDRED2) in order to consider
ant hr op o g elationc(DOP & Riedler,2@09).

These model revisions are a prerequisite for the application of WaterGAP3 to analyse the
hydrological extremes in addition to lobggmwae r avai |l abi lity. The mo
to simulate pood discharges has been evaluat

The metamodel makes use of a loalp table populated with the results of 273-pme
WaterGAP3 simulations, aggregated for river basins, dioyemonthly CRU climate input
(Mitchell & Jones, 2005) with simultaneously modifiedtan temperaturand precipitation

A constant offset was added to all values in the input time sertesnpleraturdeading to a
shift in mean annual temperature while thynamics are not changed. The manipulation of
precipitationwas done in a similar manner excdpt multiplying the values by a factor
instead of adding an offset. The appliethperaturevariations range from 0.0 to +6@in
steps of 0.%C while preciptationvariations range frorr0.5 (50%) to 1.5 (+50%in steps of
0.05.
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During the runtime,the WGMM derives the change in temperature and precipitation for the

i ndividual river basins from the 1006 <cl i mat
basline. According to these changes, the corresponding river-leasihchanges of g,

Qos, @5, and Queq are taken from the loelp table and are subsequently downscaled to the

IAP grid as mentioned above.

8.1.2The WGMM water use model

WGMM provides simplified estimates of water withdrawals and water consumption in the
domestic sector, in manufacturing, and in thermal electricity production.

In WaterGAP3, the domestic sector includes household use, small businesses and other
municipaluses. The basic approach of the domestic water use model is to first compute the
domestic watewuse intensity (m3/capyear) and then to multiply this by the population of
water users. Changes in water use intensity are expressed by structural changes and
technological changes (Alcamet al, 2003; Florke& Alcamo, 2004). The concept of
structural change is based on the observation that as average income increases, water
consumers tend at first towards a more wat@nsive lifestyle. Finally, a maximum levis

reached after which the per capita water use is either stable or declines. In this way, human
behaviour is covered. The relationship between water use intensity and income (GDP) is
derived for each country by a fit to historical data. Water useeis tltownscaled to river

basins according to the spatial distribution of population across Europe.

WaterGAP simulates water withdrawals in the manufacturing sector on a country scale based
on the specific structural water use intensity, i.e., the raticabémuse to the manufacturing
gross value added (GVA), which is derived from the base year (RRofeamo, 2004). The
product of countrspecific water use intensity and the scenario values for GVA yields the
country wide water withdrawals, which aresealed to river basins according to swdtional
statistics and the spatial distribution of urban population.

The amount of freshwater abstracted for cooling purposes in thermal electricity production is
computed for each power plant as the product ofatireual thermal electricity production
(TEP in MWh) and the water use intensity of the power statio/M¥th). The total annual
cooling water needs in a river basin are then calculated as the sum of the withdrawals of all
power plants located within thegien (Vassolo and Do6ll, 2005; Florlet al, 2011).

Water use modelling in the metaodel WGMM is based on the WaterGAP3 results for
sectoral water withdrawals and consumption in the base year 2005 (EU FP6 project
SCENES) for both countries and river iv&s For a given scenario, WGMM first computes

the changes of sectoral water uses per country relative to the base year taking into account
scenario input data on GDP, population, GVA, TEP and technological change. In a second
step, the countrevel changs are applied to water usestla river basin scale. For this
purpose, WGMM uses a static relationship between the relative change in a river basin and
the relative change in European countries. The latter is derived from Water@su3 for
thebaseg ar on a 506 x 56 resolution.

The concept of technological change is used in all sectors to account for the important effect
that improving technology tends to improve water use efficiency by a certain percentage per
year. In addition, changen waterused ue t o changes in peagpl eds
water is taken into account by applying a structural change factor.
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8.2 WGMM model calibration and validation

The modelling approach for hydrological parameters in WGMM is mainly a reproduction of
WaterGAP3results. WaterGAP3 is a statéthe-art hydrological model for the continental

to global scale with a focus on the reliable estimation of-tenm water resources and water
use. Information on the calibration and validation of WaterGAP3 itself canupel fio the
literature listed above. In the following paragraphs, it is demonstrated that the additional
model uncertainty caused by the major simplifications of the -metdel is still acceptable

for the purpose of the IAP.

The daily WaterGAP3 simulatiortd river discharge that are used to derivg Qs and Q

(see Tableé.1) are based on monthly precipitation input, i.e., only total monthly precipitation

and the number of rain days per month are known. The model disaggregates this kind of
precipitation input to daily values using a statistical approach that leads to a considerable
reductioninthedayto-d ay variability -dai thweé presai pii hgt idc
as compared to observations. However, a comparison of simulated versuseabser
discharges for European gauging stations where daily time series for the perie200971

are available shows fairly good agreement fpedds and Q (Figures 8.1, 8.2 and8.3).

Another simplification of the metanodel approach is related to tieehnique to transfer river
basin changes of river dischar gescalingisdohee 100
by multiplyling gridded baseline vata by the relative changes dtet river basin outlet.
Implicitly, this method assumes a unifornfaterze change in discharge for all segments of a

river network although runoff generation and river routing is actually alinear process.

Hence, there is in general a difference between WGMM results and corresponding
aggregated WaterGAP3 output on tra celtlevel as soon as climate input differs from the
baseline. Note, that the baseline grids are derived by spatial aggregation of WaterGAP3
out put (56) to the I AP grid (106) wusing the
show the relativedeviation of Q,y simulated by WGMM from aggregated WaterGAP3

output for Qg The maps indicate thaf) in major parts of Europe the deviation is between

+5%, (i) WGMM tends to overestimate,fd and (iii) the overestimation of g increases

with increasing precipitation.
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Figure 8.1: Simulated vs. observed flooc Figure 8.2: Simulated vs. observed higr
parameter Qmeq for 25 gauging statiors flow parameter Qs for 25 gauging statiors
across Europe, dashed line = 1:1 line, rer across Europe, dashed line = 1:1 line, re
(solid) line = linear fit. (solid) line = linear fit.
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Figure 8.3: Simulated vs. observed low
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Figure 84: Relative deviation of Qg simulated by WGMM from Q g simulated by

WaterGAP3  (Qag(WGMM)/Q ay(WaterGAP3)-1) assuming uniform changes in
temperature and precipitation across Europe. Left:temperature +2.6C / precipitation -

25%; right: temperature +2.0C / precipitation +25%. (Grid cells with Qavg < 2 m3/s not
greyed out)

8.3 Integrating WGMM with the other sectoral meta-models

Water use in the agricultural sector is not coveretthéWWGMM since it is calculated by the
agriculturalland usemetamodel SFARMOD(Section 10) Nevertheless, SFARMOD takes

into account an estimate of WGMM regarding the available water for agricultural use, i.e.

mainly irrigation, as the maximum allowed water withdrawals for irrigation.

In order to estima&t the amount of water available for agriculture on the river basin scale,
WGMM bal ances the water availability and
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latter is the sum of the projected ragricultural water consumption plus the agricultural

water consumption in the base year. If this demand can be satisfied, water availability for
agriculture in the river basin is calculated as water availability reduced bagrmultural

water consumption. Inhe case ofawat er shortage,ula&b6dbédwast eap pd
uniformly across all affected river basins to distribute the available water resources to
different sectors. The share of water resources falling upon agriculture is passed to
SFARMOD. The default rule is to split water resources propatida the base year
conditions. However, the user of the IAP will be able to choose between several rules, which

are currently implemented. Finally, SFARMOD returns the amount of water actually used in
agriculture, which is taken into account by WGMM taco e c t the Afirst gu
estimates if necessary.

WGMM is also linked to the metaodels SPECIES (biodiversjtpection 13 andCH-lood
(flood damagesSection J. In these cases WGMM provides input for SPECIE Q. @s,
Qs) and CHFlood (Qneg but no feedback to WGMMs taken into account. For further
informationon how WGMM output is used by these met@dels se&ections and13.
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9. Development andvalidation of the crop yield metamodels

MiroslavTrnka
Institute of Agrosystems and Bioclimatology, Mendel University, Brno, Czech Republic

9.1 Development ofthe crop meta-models

The development of the crop metedels for the IAP was affected ke following
considerations:

1. A relatively demanding time scale for the crop mmeiadels to be available and
integrated into the IAP;

2. PanEuropean coverage for all major crops was required,;

3. Several yield levels (e.g. potential as well as water and nitrtigpited yields) were
required;

4. The metamodels should include the G@rtilization effect.

As a result of the above requirements, the CLIMSAVE team opted to use the full agricultural
model ROIMPEL that has been validated in previous studies (e.g. ¥286; Rounsevektt

al., 2003, Audsleyet al, 2006; Alexandrov, 2006) and used in similar though smaller scale
studies (e.g. Audslegt al, 2008; Henseleet al, 2009). In addition ROIMPEL was applied

as the principal crop model in earlier FP5 prgjeety. ACCELERATES and ACELCEEC
and its outputs used in a number of others (e.g. CECILIA, AGRIDEMA, ADAGIO).

The major advantage of using ROIMPEL is the considerable amount of results available from
past EU projects. The data available for the developofemietamodels included outputs of

the full ROIMPEL model for EUL5 and most of the Central and Eastern European countries
for the baseline climate and 2050 Low, Medium and High climate scenarios. Runs for the
period centered around 2080 were also abdal for more than 50% of the territoryh&
available outputs of ROIMPE&re actual, potential and irrigated crop yields and crop sowing
and maturity dates. Strengths of ROIMPEL are its modularity, the fact that it was developed
specifically for GlSbasedregional and supegional landuse evaluation projects (unlike
most detailed crop models) and tliaitial detailed screening of soil/climate conditions for
land suitability for a given crop is performedhe daily dynamics of development staged

of water, temperature and nitrogen stresses are the main crop processes simulated in
ROIMPEL which determinghe land suitable for a given crop. The accumulation of biomass
is based on radiation use efficiency and net photosyndiigtiactive radiation which is
sensitive toCO, concentration. The radiatiggotential daily biomass increase is corrected
according to théemperature, water and nitrogen stresses. Additional penalties on crop yields
are included through alarm criterifoi( example, forunfavorable weather parameters during
the most sensitive development stages) based on crop specific physiology.

Metamodels have been developed the following crops:

Winter wheat and spring wheat
Winter barley and spring barlgy
Winter oil seed ra@

Potatoes
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Sets

Grain maize
Sunflower,
Soybean
Cotton
Grass and
Olives.

of soil anctlimate predictors for the metmodels were selected based on available

databases to emulate the full crop model results. The soil data were characterized by:

Theavailable water content in the rooting depth (1 parameter)

The proportion of this water available between five suction levels between Wilting

Point and Field Capacity (4 parameters)
Surface soil texture index, estimated using the formula Int[(4c+Z8}22.2] where

C, z, and d are the percentage clay, silt and sand respectively and Int[x] is the integer

part of X. The index increases as the soil becomes héawviereclayey than sandy (1
parameter); and

Rooting depth, surface horizon hydrautienductivity and wilting point soil moisture
water content (3 parameters).

Theclimatedata used by the full crop model consists of daily air temperaturenquiexand
minimum), precipitation potential evapdranspiration andolarradiation. These dailydata
aregeneratedrom monthly meansnd the climatela&a were therefore characterized by

Mean annual potential evapotranspiration (PET)

Mean sum of PET from April to June

Mean sum of PET from July to September
Meanannualsum of precipitation

Proportion of precipitation from April to June

Proportion of precipitation from July to Septemper

Mean annual temperatyre

Mean temperaturigom April to June

Mean temperaturigom Julyto September

Mean temperaturigom Decembeto February

Mean maximuntemperature from June to August

Mean minimum temperature from December to February
Mean annual sum of global radiatjon

Proportion of global radiation from April to June
Proportion of global adiation from July to September; and
Ambient concentrationf carbon dioxide in the centre of the particular tistiee.

The preparation of the crop meatadels was a twstep procedure. The first versions of the

crop metamodels were based on stefse regression models. These produced outputs in the

expected ange,allowing the identification of the besset of predictors, buacked precision
and reliability The second version which go into the IARe based on artificial neural
networks (ANN) combined with temperature thresholds prevent cropsgrowing in
unsuitable territories.
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9.2 Calibration and validation of the crop metamodels

The crop metanodels were calibrated on a training set of data from the resutis afiginal
ROIMPEL runs mostly carriedut under the ACCELCEEC and ACCELERATHf0jects.
Calibration datasets were always sampled to adequately cover the whole range of both
predictors and the predicted variahlegy. sowing date or actual yield. The sampling of the
calibration dataset took into account values outside + 1 staddaration from the mean of

each paramete(both input and output)From the interval between 1 and 2 standard
deviatiors, two-thirds of the data were used for model calibration and of those data points
above/below Ftandard deviation80% wereused formodel calibration After calibration,
eachmetamodel was independently tested on a complementary validation set in order to
assess performance accuracy.

As the training and validation datasets include over,Ql#D data points, a custemade
software appliation for the development and training of ¥thEINs for the 60 metanodels

(12 crops x 5 output variablesyas developed. The procedure for the nmetalel
developments summariedin Figure9.1. Thisapplicationaids the effective selection of the
most suiable ANN design (e.g. input parameter selection, number of layers and hidden
Ia%/ers) and, based on 100 iterations of the best design, selects five WINs based on the

R°, RMSE and MBE to prepamn ensemblef ANNs. As the runtime of the metanodeb
increases considerably with the number of ANN the ensemblefjve was selected as an
acceptable balance between model performance and ruiimaeutputs from each of these

five ANNs are then combined together in order to generate a final composjéetion.

There is a large body of statistical theory and practical work showing the superiority of
ensembles over the use of any single model (Naéiagl, 1997; Sharkey, 1999; Granittd

al., 2005). When neededhe ANNs are combined wittemperature thresholds that are
designed to fiprevento a given crop growing
which the limiting factors are not covered by the input parameters, e.g. in the case of winter
wheat, the mean annual temperatmgst be over 4.3°C and mean temperature from April to
June above 8.25°C. Using these critettiee number oflocations atwhich the metamodek
wrongly predictegassible cropping decreased by-B5%.

The results of the 60 metaodels (for mean water amdutrient limited yield, mean water
limited yield, mean water and nutrient unlimited yield, sowing date and harvesting date for
each of 12 crops) are sumnsad in the Table 9.1. The mataodels show excellent
performancein predictingsowing and harvest tes, with usually more than 90% of the
variability explained. The metaodels were less successful in reproducing crop yields
(nutrient and water limited, water limited and unlimited) but in all cases the results are
considered acceptable. Overall the RMBEthe yield estimates is in most cases below 0.5
t/ha and the MBE that is close to 0 indingtthat there is low/no systematic bias.
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Selection of input variables (Climate, Soil, €O, concentration)

10-40 ANN designs

50 iterrations
Validation of the results
(independent dataset)

The best design determined

100 ANN random
initializations . 100 iterations

Validation of the results
(independent dataset)

5 best ANNs selected
1000-10000 iterations

Additional temperature
conditions

G

Figure 9.1. Overview of the ANN development for the crop metamodels

9.3 Crop meta-model illustrative results

Figures 9.2to 9.6 show complete results of the metadels for winter wheat in comparison

to the outputs of ROIMPELFigure 9.7 shows results from each of the best five ANNs and
the ANN ensemble mean in comparison to the outputs of ROIMBI&len the complexity

and variability of conditions across Europe, it was not possible to achieve the level of
accuracy reported by Audslet al. (2008) for the much smaller area of eastern England.
However,the validation statistics shown rable 9.1lareacceptable and is likely that the
uncertainty arising from using ANNSs instead of ROIMPEil be smaller than that reported,

as the final IAP will use a clustering approach such that aggregation will likely lead to higher
accuracy ofthemetamodels.
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Table 9.1. Meta-model validation performance statistics for the 1981990 period of the ensemble mean of thieve best performing
artificial neural networks (ANN) for mean water and nutrient limited yield (Yield_Av), meanwater limited yield (Yield _POT) and mean
water and nutrient unlimited yield (YieldPOTI), sowing date (Sowing) and harvest date (Harvesting).

Meta Winter
model Winter Spring  Winter Spring  oil seed Grain
Metric  output wheat wheat barley barley rape Potatoes maize Sunflower  Cotton Soybean Grass  Olives
R’ Yield_Av 0.81 0.74 0.82 0.75 0.86 0.93 0.86 0.85 0.86 0.86 0.81 0.99
YieldPOT 0.78 0.72 0.75 0.76 0.84 0.9 0.82 0.81 0.91 0.88 0.8 0.99
YieldPOTI 0.88 0.83 0.87 0.86 0.95 0.96 0.94 0.97 0.91 0.98 0.98 0.99
Sowing 0.99 0.98 0.99 0.98 1 0.99 0.95 0.99 1 0.96 0.75 0.99
Harvesting 0.99 0.99 0.98 0.99 0.99 0.99 0.72 0.97 0.82 0.9 0.83 1
RMSE  vield_Av 0.55 0.53 0.5 0.48 0.45 1.7 0.55 0.12 0.22 0.43 0.43 0.05
YieldPOT 1.02 1.02 1.01 1.06 0.82 3.01 1.06 0.37 0.42 0.5 1.59 0.05
YieldPOTI 0.88 0.93 0.86 0.94 0.74 3.53 0.85 0.19 0.89 0.32 1.25 0.05
Sowing 1.94 3.7 2.11 3.68 0.86 2.82 2.38 1.32 2.7 1.69 8.11 2.55
Harvesting 2.07 1.86 2.13 2.13 3.56 3.53 8.22 4.96 11.61 3.18 8.21 1.54
MBE  vield Av 0 0 0 0 0 0.02 0.01 0 0 -0.01 0.01 0
YieldPOT -0.01 0 -0.01 -0.01 -0.01 0.03 0.01 0 0 -0.01 0 0
YieldPOTI -0.01 0.01 0 0 0 0.04 0.03 0 0.02 0 -0.02 0
Sowing 0.01 -0.09 0 0 0 0.12 -0.01 0.02 0.01 0.02 -0.04 0.01
Harvesting -0.02 0.12 -0.01 0 -0.12 0.02 0.24 -0.07 0.03 -0.02 0 -0.01
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Legend: m -99 W 251-260 m 271-280 = 291-300 » 311-320 m 331- 340
[days m 90 -250 m 261-270 m 281-290 301-310 m 321-330 m 341- 355

Figure 9.2: Comparison of sowing date (Julian Day 1st Jan = Day 1)for winter wheat
as predicted by (left) the mean of the metamodel ANN ensemble and (right)
ROIMPEL.

Legend: ®m -99 m 171-180 m 191-200 = 206-210 = 221-230 m 241- 250
[days] ® <170 m 181-190 m 201-205  211-220 m 231-240 m > 250

Figure 9.3: Comparison of harvest date for winter wheat as predicted by (left) the mean
of the metamodel ANN ensemble and (right) ROIMPEL
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Legend: m -99.0 a
[t/ha] 5 0.0-20 m

Potential YIELD

Figure 9.4. Comparison of potential (water and nutrient unlimited) yield for winter
wheat as predicted by (left) the mean othe metamodel ANN ensemble and (right)
ROIMPEL .

1 9.1-10.0 m 10.6-11.0
10.1-10.5 m 11.1-14.0

Legend: m -99.0 .2
[t/ha] = 0.0-2.0 m 3.

YIELD Limited by Nutrient Availability

Figure 9.5 Comparison of yields limited by nutrient availability for winter wheat as
predicted by (left) the mean of the metanodel ANN ensemble and (right) ROIMPEL
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Legend: m -99.0

[t/ha]

Mean Water and Nutrient Limited YIELD

Figure 9.6 Comparison of water and nutrientlimited yield for winter wheat as
predicted by (left) the mean of the metanodel ANN ensemble and (right) ROIMPEL

9.4 Integrating the crop metamodelswith the other sectoral metamodels

In the IAP design the crop metaodel outputs are not used directly but only in association
with the agricultural land use or farm mod8FHARMOD; Section 10). Only after evaluation

of the farm model gross margins which, given the crop yields, can be calculated from the
crop prices, sufidies and variable costs is it possible to estimate the crop production in a
particular area. Interaction between individual sectors and the cropmmoéts is therefore
provided by th6sFARMOD metamodel and discussed in Section 10.
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Legend: [t/ha) Legend: [t/ha] Legend: [t/ha)
| B S [ B DN

99 2 3 4 455 6 7 6 9 1010.511

Mean Water and Nutrient Limited YIELD Mean Water and Nutrient Limited YIELD

Legend: [t/ha) Legend: [t/ha)
S T - — =  o—
09 2 3 445 S5 6 7 38 9 0 10.57!7!77 0 2 3 4 45 5 6 7 8 0 101051 d

tesal Hetmock 4 g

Mean Water and Nutrient Limited YIELD Mean Water and Nutrient Limited YIELD

Legend: [t/ha] Legend: [t/ha)
HE T . = =
90 2 3 4 45 5 6 7 8 9 10 10,5 11 99 2 3 4 45 S 6 7 8 9 10 10.5 11
ROIMPEL : B Metamodel - AVG 0%
Py s ;. &
; b 0
o =

Figure 9.7 Comparison of winter wheat yields limited by the nutrient and water
availability as predicted by ROIMPEL and by the five best ANNs and their mean used
in the final meta-model.
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10. Development and validation of the SFARMOD rural land use allocation
meta-model

Daniel SandarandEric Audsley
Environmental Science and Technology Departm@ranfield University, UK

10.1 Introduction

SFARMOQOD is the generic name given within CLIMSAVE to the routine for selecting rural
(nonrurban) land use. The concept is that the profitabditthe competing uses for land is
estimated using a general linear programming model and it is assumedtti@tangterm

the use that is most profitable will be the one selected. This procedure was used in Audsley
et al (2006), and example outputseashown in Figure 10.1. There are basically theeel |

uses: agriculture, forestigr unused. Agriculture can be either arable cropping, intensive or
extensive grassland or longer m Af r ui t tree0 cropping.
abandoned but coukefjually be simply unused for agriculture such as bare rock.

Proportion of Arable
001
0.1-0.2
0.2-03
0304

B 0405

B 0.5-06

B 06-0.7

Figure 10.1: Modelled proportions of baseline arable agriculture predicted by the
SFARMOD-LP model (from Audsleyet al, 2006)

The full model used to develop the SFARMOD metadel within CLMSAVE is the
SFARMOD optimising linear programme (hereafter referred to as the SFARMR)»f
whole farm planning, based on profit maximisation subject ® d¢bnstraints of soll,
precipitationand sound agronomic practice. This calculates the profitabil arable and
intensive grass cropping on the land. Further details of the SFARM®DEan be found in
Audsley (1981), Holmaet al (2005) and Annett& Audsley (2002).
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There are two converging strands to the work. The first is the sofemgneeering challenge
of the delivery of a module to run on the wedsed Integrated Assessment Platform (IAP).
The second is the creation of the metadel of SFARMOD which can deliver the
functionality of the module.

10.2 Description of the SFARMOD-LP i Silsoe Whole Farm Model

SFARMOD-LP (also known as th8ilsoe Whole Farm Modglis a mechanistic farrbased
optimising linear programming model of lotgrm strategic agricultural land use. Crops are
defined by their gross margin, the amount and tinofhghe labour and machinery they
require, restrictions on crop rotations, and their sowing and harvest dates, plus in some cases
the amount of irrigation required. Gross margins are determined from the yield, which is a
function of soil and climate, andiven by the yield metanodel Gection 9) which also
provides sowing and harvest dates and yield at different irrigation levels. Soil workability is

a function of soil and climate. In addition farmers have uncertain future knowledge of actual
prices andyields, and this is simulated in the full model by ten combinations of yields and
prices from which the average cropping represents the expected land use. Price of crops is
affected by supply and demand considerations as is the price of water fororrigat is
modified iteratively. The decision variables are crop areas, crop rotagimasintof labour

and machinery, and operational timing within its feasible period.

The inputs to the fulBFARMOD-LP model are:

e Soil type as an index refleay the trafficability and available water capacity ranging
from 2.50n heavy land to 0.5 on sand
e >30 year mean annugiecipitationand evapotransgtion
e Gross margins determined by:
o Prices and support regime rules.
0 Yields: provided by the crop yield metaodels described in Section 9. Crops
may be irrigated or not or both may be considered as options.
0 Input costs
e Harvest and sowing datdhese are used to determine where it is feasible to grow the
crop in terms of it being able to reach maturity. The ehattcides whether it is
economic to grow the crop

The outputs produced are

e Net profit, atthef ar m | evel |, but al so each cropods
variable costs and the running and capital costs of the machinery fleet and associated
labour.

e Crop outputs (yields) after timeliness, rotational and storage penalties and losses
Environmental burdensiitrate leaching, nitrogen use

e Measures for biodiversity indicatorsquired by the SPECIES model in Section 13
such asverwinter stubbk and use of pesticides
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The SFARMOD-LP model enables the simulation of a number of adaptation and policy
interventions. These include:

e Coercion: Prescriptions and prohibitions can be modelled as consdran the
amount of crops or operations, e.g. banning-wiicter ploughing or compulsory set
aside

e Exchange Taxes and subsidies are readily modelled, such as a nitrogen or irrigation
tax or subsidised crops

e Persuasionit is more difficult fora LP modelto simuate the effects of shifting
behaviour e.g.through providing free education and campaigning for -&tendly
farmer behaviour.Decisionmaking behavioucan be modelleds multiple objective
optimisation rather than profit maximisation and represenetfeets of persuasions
as small shitin weight from profit to an ecological outcome.

e Technology set change: One important indirect source of intervention and adaptation
that can be modelleis changing technologies, such as salt tolerant ceopb
improvements to irrigation to use less water for the same effect

10.3 Development of theSFARMOD meta-model

The objective of the SFARMOD metaodel is to simulate the behaviour of the full
SFARMOD-LP model described above, as applied to all-cloihate combinations. The
procedure must estimate the profitability ¢
CLIMSAVE grid, allocate it to categories of land use and calculate the total expected
production of each type of crop output for each scenario.

10.3.1 Data preprocessing

To enable the rapid calculations which are needed for the IAP, a significant arhguet o
processing has been carried out on the spatial input data to the nidegbre-processing
analysishasproceeeédas follows:

1. In the soil data file derived from an intsection of the European soil map with the
CLI MSAVE 1006 gr i dsoil typaged cembiaatians witdindthe L&/ 5
grid squares, and with up to 47 different soil tyfafficially known as Soil Typological
Units) within each grid squarand a total of 307 different soil types This needed to
be simplified to facilitatefficient application of thenetamodel:

a. Firstly, the solil attribute database for each soil type was limitethdse
parameters required by the metadels for crop vyield, forestry and
SFARMODsuch as AailableWaterCapacityat four suctiongrom Saturéion
to Permanent Wilting Pointstoniness, and sdiéxture On this basis many
soil types are identical and the total is reduced to 582 soils.

b. Secondly, a clustering procedure was applied to the soil(Begare 10.2)to
prodwce 137 similar soil types, with the procedure aiming to not cluster soil
types of over ®00,000 ha unless they are very similar. This is thieaike
Information Criteria AIC) optimum for loss of information.
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Figure 10.2 Distribution of the number of soils per soil cluster

2. A similar clustering procedure was also applied to the baseline climate data for the
23,871 grid squar® which are assumed to be uniform over a grid, which produced 233
clusters (Figure 10.3).The clustering was ls&d on grouping grid cells with similar
average summer an@verage wter temperature, potential evapotranspiration and
precipitation and diys(from 1° Jaruary) until average temperature03C and 6C.

:xﬂ::‘i
t4

Figure 10.3 Example of UK and Italy meteorological clusters

3. Combined, there are 6754 climateil clusters, a factor of 20 reduction, since not all
soils occur in all climate regions. Due to the diversity of soil types within a single grid
square, there are often multiple climat@l clusters within a grid square (but
representing only a single climate). It should be noted that this approach has required the
crop yield metanodels (Section 9) and forestry model (Section 6) to produce data on the
same soiclimate clustering (not perig).

10.3.2 Calibration of the SFARMODmetamodel

The SFARMOD metanodel estimates the potential profit of each clinsdi cluster for
agricultural land use, so that land can be classified as intensive agriculture, extensive, forestry
or not suitable. Considering the problem of replacing the linear programme model with a
metamodel to provide a rapid approximation to the complexbbBed model, the main
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factorsconsideredare the comparative gross margins of the crops, the workability of the saill
andthe timing of sowing and harvesting. It can be shown for example that given a cropping
solution of the model for wheat, rape and potatoes on a particular soil type, then if a heavier
soil type with its reduced workability is chosen, which reduces thec@neatatoes which is
profitable, there existsnaincreased potato gross margin at which the model will select the
original cropping.

The approach taken to develop the nmatadel is touse the full SFARMOELP to
systematically model thmput parameter sgce andhen tocreatea metamodel that relates

the input parameters to tf@®FARMOD-LP outputs. In order to fully cover the parameter
input spaceSFARMOD-LP wasrunwith 20,000 randomly selected sets of gross margins for
each crop, the neprecipitation used in theSFARMOD-LP workability formula and a
summer temperature which modifies the harvest and sowing dates for each crop. In order to
simulate the uncertainty the gross margins were adjusted in the same way as in the full
SFARMOD-LP to provide ten ncertain gross margins for each set. These results were then
used to create the metaodel.

A metamodel was derived for each crop to predict the proportion gbakential agricultural

area of the climatsoil cluster allocated tthe crop. In orderot provide some mechanistic
understanding to thmetamodel, a range of combined input parameters were created. The
input parameters to thmetamodels were:

1. The gross marginofthtargetc r op and t he square of the gt
2. The effectiveprecipitationmeasure used by the LP to calculate workability and the
value squared
3. The distance of the sowing date from the start of the year (fortnights) and the.inverse
4. The distance of the harvest date from fortnight 21 and the inverse
5. The soil typeon a scale of {sand) to 9 (heavy clay)
6. If the latitude is greater than 4 degreek else 0
7. A measure of summer temperature on a scale of 0 to 1
8. The ratio of the gross margin of every other crop to the target crop omitting spring

versions of wheat, bkey and rape which are very strongly correlated to their winter
version) plus the square of the winter wheat ratio

9. The ratio of the target crop to winter barley and of winter wheat to winter barley. The
product of the latter with the target crop.

Thisresults in 23 or 24 input values for each crop.

A number of approaches were taken for the metaelling but the most reliably successful
proved to be a neural network approa¢h23 15G_10 5 1 network, where G indicates the
use of a Gaussian transfemtmion, was used. Of the D0 randomly selected gross
margins, 4000 were randomly selected for training and 6000 for testing.

10.33 Validation ofthe SFARMODmetamodel

Examples of three fits are shown for crop areas for wheat, sugar beet anégnot&igure

10.4 Where points are a very bad fit, these were examined and found to be cases where
extremegross margins existed and limits had been set on the ratios of the gross margins.
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Training correlation
0.978
Test correlation 0.967

Training correlation
0.986
Test correlatior®.969

Training correlation
0.988
Test correlation 0.984

Figure 10.4 Comparison of the performance of the SFARMOD metamodel with the
results for the full SFARMOD-LP for the percentage of the cluster allocatéto (top)
wheat, (middle) sugarbeet and (bottom) potatoes

Given the crop areas and using the gross margins and workability, a separateetwork
calculates the farm profifFigure 10.5) The capital and labour costs are higher where the
land is havier andprecipitationis high due to fewer workable hours, which is exacerbated
where the crop is harvested later in the year. Naturally where the capital costs are too high
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