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EXECUTIN&JMMARY

1. INTRODUCTION

The aim of this deliverable is to build a conceptual framework for database interfaces for
relevant information irMIND STEH he purpose is to give a guide for interface development,
which is setup such that i) it integrates data from multiple heterogersesources at flexible
geographic and regional scales and ii) that it supports analytical reporting and allow structured
and/or ad hoc queriesThe approach of the deliverable is to review exiting approaches in the
field of 1)harmonized databases for soeeconomic micro dat&) exiting geereference and
geospatial databasedike, IACS reporting and monitoring system for agricultural subsidies
and remote sensirgpased products as well as the AgroDataCube aedi8hg databases and
data interfaces for leady established model8Based on thatve propose a concept, by
summarizing the requirements for the project and deriving suitable interface solution. This
concept is then used to build different interfacekgliveredin D2.4, and documented using,

so cdled, duse casesin Chapter 3.

2. REVIEW
3. Chapter:2.1. Review of socieconomic databases and interfaces for IDM modelling

We discuss mainlgociceconomic databasénterfaces for the farm data accounting data
network (FADN) and the farm structure survey (FS8g interfacesso far have been
developed at aehoc basis and have not been made so far available to other potential users
via clearly defined channels liké TBHHUB, GITLAB or S\lNaddition, missing documentation
made it hard or impossible to adjust for the purpose of other research projatss, dist of

use cases, which document how to use and apply the interface were miasioitner problem
identified in the review was that Wen financial support ended, and confidential data had to
be deleted the maintenance of the interfaces could not be continuggiven thata micro
data access to EU wide FSS data of EUROSSt#Tirisan earlier phase weecidedto first
developa micro data interface to the FADN data, building on the interfaces developed for
IFM-CAP The interface was tested with the FADN data provided in April 288Wuever, to
also prepare for the work of micro FSS databuild a prototypefor micro FSSlata from the
national data provider in Germany, for whiEHUNENMas access.

4. Chapter: 2.2. Review of bigphysical and environmental impact relevant data at high
resolution and related interfaces for IDM modelling

For the review obio-physicaland environmental impact relevant data at high resolutiea

first discussexiting EWwide geo databases potentially relevant for IDM modelling and provide
references and interfaces where accessile.discuss the Integrated Administration and Control
System of the EU for the CAP and the terms of condition to use it for IDM develophten2013

CAP reform made it compulsory to use thaad Parcel Identification Syste(bPI1S) together

with a Geospatial Aid ApplicatiofGSAA) as components of the payimgiacies integrated
administrative and control systems (IACS), introduced progressively from 2015 to enhance
checks of aid applicationsACSan be a valuable resource for analysing the structure and the
land use of certain region at the parcel level aeth¢e also a valuable source to parameterize
farm level modelAs the access is quite restrictive and organised at regional administrative
level of the single member states but make the data public, we includatlla summarizes
sources freely available fodownload In addition, we discussed remote sensing data
nowadays freely available. Thew imaging technologies with the Edwned Copernicus
Sentinel satellites, known as Sentinels, had become a new source of data for monitoring the
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Common Agricultural®icyand hence also for IDM modellibgcause automated processing

of time series throughout the growing season makes it possible to identify crops and monitor
certain agricultural practices on individual parcels or even at higher resolution (10x10 jneters
BU-wide (Devos, 2017,2018a,2018b). Although the Commission promoted the technology
through many conferences and workshops in 2019 only 15 out of 66 paying agencies used the
Copernicus Sentinel to check aid applications and an audit oEtdmemission revealed that
many paying agencies consider that there are obstacles to wider use of the new technologies
(ECA, 2020 urrently more and more products, like crop maps and moving events at larger
regional scale and continuedly updated are ava#aalso for parameterization. As so far, no
EUwide products are currently available, but under development, using the interfaces and
packages from Sen4CAfe focus on the application and use of a national development of
the Netherland, named the greemonitor, which was later integrated in thigroDataCube

The Green Monitor data platform vww.groenmonitor.nj started in 2012 to map the
Netherlands with high resolution satellite imagery. The Green Monitor is developed as an
easyto-use webtool for visuigation and interpretation of time series of NDVI satellite images
covering the Netherland§.he NDVI is a measure of the amount of green biontassn 2016
onwards the Green Monitor is collecting and processing high resolution imagery from
Sentinef2 andLandsat satellitesHere interesting for IDNnodelling is the producbn the
growing season of the crop. In case of grassland the derived marketheammber of
mowing cuts the date of first, second and later mowing eventse gass ploughing and
renewal and a yeld indicator In 2018, version 2 of the AgroDataCube has been developed.
Through integration with Green Monitor, the AgroDataCube now also provides a remote
sensingbased vegetation index (NDVI) at spdxrcel resolution. Such vegetation ineécare

used for researche.g., crop modelling and yield forecasting, by farmers to monitor the
development of their crops, or to monitor agricultural practice, e.g., complying with CAP
regulations.The AgroDataCube functions as a hub that brings togdtiese heterogeneous
data streams, enriches them, adding-tinouse analytics, and publishes the result as
harmonized, upo-date, standardized datasets accessible through an oREST API
(agrodatacube.wur.nl)The deliverable reviews the current approachdais an interesting
application also with respect to the technical implementation via a REST API.

5. Review interfaces for IDM modelling to existing and established modelling databases

Besides the micro economic data bases and-ggstial data, a large poaf interesting
information for IDM modelling is provided in the databases developed for existing modelling
platforms like Magnet, GLOBIOM and CAPRI.

We first review the interfaces development of th&lobal Biosphere Management Model
(GLOBIONI which hasbeen developed and used by the International Institute for Applied
Systems Analysis (IIASA) since the late 2000sugh stages of filtering and aggregation, the
output data is distributed across a series of GAMS parameters that are the representational
nea equivalent of Python/R data frames as well as a series of supportive set definitmns.
interfacethe GLOBIOMatabase d&routine have been developed, whiatiows GDX content

to be explored, read, and written. On top of a GLOBIOM visualization io¢eidprovided by

the globiomvidR packagelt supports analysis and generation of a variety of scenario plots. In
addition, globiomvis enables creation of maps for the various regionally and spatially explicit
representations of the modeln addition, awl for aninteractive exploratiora graphical user
interface (GIO) based 0B8GIGis availableas an alternative way of performing analysis,
visualization, and parameterizing and running the core version of the nt@@lG is Java

1 http://esa-sendcap.org/content/downloagbackagedescription
2https://github.com/iiasa/GLOBIOM_GUI
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based and orchestrates numerous Java libraries that provide rich visualization and analytical
functionality.

Anotherexample is theCAPRbata baseThe CAPRI agricultural economic model has been
developed since 1999 with the help of several EU research projects. The model supports the
policymaking process by means of quantitative analyses of the EU Common Agricultural
Policy (CAP) at global and regional levels. The aim is to estimate in advance the impact of
agricultural policy decisions on production, income, trade, and the environment using the
model.

Theinterfacesto access the databases are currently based oraplgcal useiterface GGIG
(Britz, 2014) like the way GLOBIOM assess the datdie GUI comprises a generic and
powerful tool for exploitation, accessing and exporting of results. In addition to the GGIG there
exists aninterfaceto import the result déabase of CAPRI into Excel usingC&»M add for
Excelbased on the GDX API of GAMS and the MS .net frameamorlaR packagénterface

to access the CAPRI database developedibgly Himics. The R package reads GDX files and
prepares figures and chart#. includes functions for processing, visualizing, and analysing
both the model databases and simulation resultkas been designed to complement (rather
than to replace) already existind @Gfor CAPRI.

TheMAGNETmodel is a global general equilibriumodel. MAGNET is based on the LEITAP
model which has been used extensively in policy analy}4A&NET uses a series of additional
databases. The database is constructed in several skepsw concept has been developed
for MAGNET outputwriting MAGNETscenario results to the centr&atawarehouse using
SQL Server Integration servicébe data is converted and processed and finally stored into
the Data warehouse (DW). Finally, the data is accessible (authoring) using different
applicatons like SQL, PoweBl, R, PythonOne of the applications i®ower Bl with
additionally PBteport server. With this latest tool visualisations of project deaa be made
available for users/clients outside Wageningen Economic Research. Howeverrapeds
contain predefined figures and tables. Thereforand already in developmentis OData
webservicess introducedwith which users from outside Wageningen Economic Research can
alsoquerythe data

6. Chapter 3TONCEPTUAL AND TECHNICAL FRAMEWORKINTHERMERVENT

APl is the acronym for Application Programming Interface, which is a software intermediary
that allows two applications to talk to each other. GUI, or Ul, stands for Graphical User
Interface. Modelling systems reviewed in Chapter 1 ofteimgishe graphical user interface,

but it requires numerous and tm&®2 yadzYAy 3 Ay iSNI OlAzyad ! a a;
graphical user interface to communicate software products can also exchange data and
functionalities via machineeadable interfaces. Ragkages have been reviewed in Chapter 1,

as an example of an API. A particular APl which operates via the internet to communicate
between application is the REST API. In Chapter 1 we have observed that the AgroDataCube,
MAGNET with OData, but also the seevto sentinel data uses APl Rest technologies.
However, it is somehow limiting for highly sensitive data like FADN.

After two workshops we opted for the following API interface concept: As a graphical user
interfaces are too restrictive and API in asdi@al form, programmed in .net, C++ or java
requires IT knowledge, which is often not available amongst modellers in the field of
agricultural economics, we identified R packages as the best alternative. The programming

3https://www.ilr.uni-bonn.de/em/rsrch/ggig/GGIG_user_Guide.@&https://www.ilr.uni-
bonn.de/em/rsrch/ggig/GGIG_programming_guide.pdf
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language R is quite open and lesstrictive, wellknown, maybe also taught already at the
university, free of charge, it runs cross platform and is easily applicable by learning from
internet sources. It also provides the functionality to include Python. R also can be interlinked
to GAMSwhich was identified in WP7 as the main language for agricultural IDM modelling.
With R packages we can account for different needs of groups involved in development,
maintenance, and application of the interfaces. As example the developers of the interface,
needs to have a shared distribution system to commonly develop and exteirtdréace and
deploy. The user group will use the API in a more applicable way by loading the APl and
applying without any need of changing the function of the interface itself. With the package
deployment in R this concept is easily applicable. For bights agood documentationis
required. To support the documentation process for the interface, it shall be to a certain
extent generated in an automated way and build up on inline documentation. Besides the
documentation of the interface als® use caselocumentationis of importance. The-Rlark

down approach allows easily to compile use cases and make them in different formats
available, as provided in the next Chapter.

7. Chapter DESCRIPTION OF THE DEVELOPED PROTOTYPE INTERAFCE VIA USE CASES

In this Chater the use cases are presented for five developed data interfaces based on the
concept developer in Chapter 3. The first interface is the FADN data interface. To use the
package, you can install it directly from Fhe fadnUtils packagefacilitates the dficient
handling of FADN data within the R language framework. This means that there is a specific
temporal pattern of how a user interacts with the package. More specifically, after a request
for FADN data in csv format. The first step is to import thednto an Rriendly format.In a

next step you can convert the R imamanreadable file. In this file the user can define what
columns to keep and what transformations or new calculations to midkang a JSON fiflee

raw can been converted into aratturedhuman readable file, whereas the JSON file defines
the rules how the raw that is modified. The use casevidesthen various examples of the
powerfulness of using the fadnUtils package to perform data analysis on FADNrdata.
second subsection we perform using the fadnUtils package basic analyses on the provide
FADN data, e.g., analyse thamber of countries and yearscompare withthe requesed

data, check the number of provided variables, check for missing variablesn of all
provided variables, number of sample farms or count the exit, stay and entry of farms for the
years of identical farms.

The second API iskESS packagend has the aim to provide functions to analyse German
micro¢Farm Structure Survey (FSS)adats of the end of April 2021 there are two functions

so far implemented in this package. One converts the (usually in csv format) provided raw
data into a Rdata file, which is easier and faster to handle in R. The second one is presented
in this chapterand provides a fake data set to use and test some analysis before touching the
real FSS data.

One exception is thinterface to management dataThe parameterisation of the different
technologies and investments is data demanding and require the knowlgfdganagement

data, technical coefficients usually collected by different players in the field and are not
available in statistics such as FADN or k88ad of providing an explicit APl weovide a
summary of information on accessibility of managemdata and their respective access
policies.Various types of management handbook data that can be found in the case study
regions are only available on paper and/or ireithown language Availability of the
management handbooks in the different case stuelgions in MIND STEP and the possibility

to use are summarised this subsectionwe identified 13 different sources for management
data across the case study regions, covering operations investment machinery costs, biogas
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Content of nutrient for feed ath crop product, renewable resources used to produce bio
based products and/or bioenergy, guide prices for new construction and reconstruction, of
agricultural farm buildings and rural dwellings, agricultural machinery catalogue, investment
costs, earningand expense ratios, detailed gross margin and labour requirement calculations
for a large number of conventional and organic arable and egiewegetable crops, fixed
costs for land, buildings, tractors, machinery, labour and hired labour and much nwre. F
each of the identified sources the internet link is provided. We also provide an example how
these is connected to the IDM model FARMDYN.

Within the MIND STEP projeEB ARMDY Kas been adopted for the Netherlands by using the
Dutch version of FADKr general farm characteristics like endowments, yields, and cost
structure. Further sources of information are tK&/INfor management data as discussed in

the previous sectionHowever, detailed data on grassland activities is missing. A solution is
the useof the Dutch AgroDataCube (ADC) database, which includes the timing of mowing
events and indications of annual dmyatter yields. This permit deriving the grassland
management tables required by FARMDYN. In this subsection we describe the structure of the
used data and the processing steps required to align the AgroDataCube and BIN data to
populate the grassland management attributes for the FARMDYN mbleluse of satellite
images from theAgroDataCube interfacbas proven to be very useful for deriviggassland
related parameters for th&ARMDYNnhodel because it permits to distribute average farm
level yields to several management systems, distinguished by the number of cuts.

About half the models involved in MIND STEP use GAMS as the core langeadeli@y¥ the
models use R as an additional scripting language or are even based on RgEther with

the capabilities offered by R and its package ecosystaakes R the natural choice for
implementing code that transforms, manipulates, and analgis#a derived from models and

for code that glues models togethdn the last interface, we present how an R package can

be used to extracdBAMS data and making it available for processing in R, G&i©@IOMlata

as an example. Note that the discussed R processing methods are not unique to GAMS and
can serve any modalerived data that can be represented as a data frammence also for
CAPRI output

8. Chapter 5 CONCLUSION
With this deliverable we also finish éhprototype phase for the interface development in
MIND STEP. We will review with the MIND STEP partners the current interfaces and define
further adjustment. Besides, the following issues will be relevant for the finalisaflemFSS
interface need to beadjusted to the micro FSS data from EUROSIPAdddition, ve will
centralize all code developments on the GITLAB of IIASA, which was not operational for the
prototypes. Further FadnUtils will bdinalized such thathe structured human readable file
basal on JSONts to the requirementsof the modelling teams in MIND STHPe prototype
for accessing GDX files using the example of GLOBIOM will heérusehbination with other
already developed packagés,provide acomprehensiventerface for the CAHRIata base.
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1. INTRODUCTION

The aim of this deliverable is to build a conceptual framework for database interfaces for relevant
information inMIND STERt will allow an easier access to information for different IDM developments
and farm modelling approaches. Given the independexistence and continuous changes of the
database, including the increasing availability of high spatial and temporal resolution farm and
biophysical data, we aim at building database specific interfaces instead of building one big database,
to avoid the rsk that the work is soon outdated and hence difficult to maintain. The purpose is to give
a guide for interface development, which is setup such that i) it integrates data from multiple
heterogeneous sources at flexible geographic and regional scales)ahdtiit supports analytical
reporting and allow structured and/or ad hoc queries. The guide for interface development is
structureslike the task included in the work packaggéhapterl discusses potential databases and
existing solutionas a review The first subchapter has a strong focus on EU and national wide
harmonized databases for soeg@onomic micro data, which are based on farm surveys. It starts with

a discussion about interfaces for FADN and FSS micro data. We examine under which circamstance
FSS and FADN data has been made accessible to the research community. In addition, we review
models which made intensive use of this data and describe the developed interface solutions. In this
scope and although FSS and FADN include a lot of usefuhatfon some important information is

not collected but needed to parameterize IDM models. This holds particular for production method
and related technology information. Hence, we also review the accessibility of management handbook
data and interfaces tde comprehensive. In a second subchapter we shortly review exiting geo
reference and gespatial databases as LUCAS and CORINE used for describing the natural conditions
of a farm. Further and initiated by the EU Common Agricultural Policy (CAP) we tbgidCS
reporting and monitoring system for agricultural subsidies. IACS includes atsigllation payments

and related farming activity across Europa partially at the parcel or plot level. Unfortunately, IACS is
organized by each country in the EU dmehce do not share the same technical and organisational
systems. This and the high level of data confidentialitgn restrictsthe use of IACS for research. But
there are circumstances and countries, where such data are publicly accessible and part of
comprehensive geospatial database solutiBigroDataCubés one example which we review. In the

last subsection o€hapterl we discuss exiting databases and data interfaces for already established
models and their database. I8hapter2 we develop froma technical point of view, what we
understand as an interface and list and discuss desirable properties using the review as a starting
point. Chapter3 will then combine the conceptual approachGifiapter2 using different use cases to

build application ppgramming interfacesThe work in WP 2 for interfaces is structures in a first phase
prototype interfaces development and in a second phase to finalize the vildr&. code of the
programming interfaces for the prototype are delivered DALRis structure allows a feedback with

the partners of the consortium before finalising the interfaces. To streamline the discussion, we list
potential further adjustments of the interfaces @hapter3 in the conclusions.
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2. REVIEW

2.1. Review of socieeconomic databases and interfaces for IDibdelling
{lead THUNEN

The discussion iIMIND STEPmphasised that access to agricultural micro data is of high relevance to
develop IDM models, particular to increase the flexibility and to analyse distributions rather than
average aggregated values. ROSTAT has receivéam structure surveymicro data from the

member states of the Elsince 1990 (each-8 years with full surveys). A detained catalogue of

variable and related meta data is available orliferom an email exchange with EUROSTA&iBy

confirmed that the Farm Structure Survey (FSS) micro data is now also accessible for research. The
data is granted only for scientific purposes and when the organisation is accepted by the EU as a
research entity. To access the data there are two wayke data can be partially anonymised or non
Fy2y@YAASR® ¢KS tFGGSNIAa 2yfte | O00SaarofsS Ay 9 dzN
(SJF) containing records on individual farms in such a way thatigleof identificatiorof the farm &

reduced, but the data has been modified. Such files are usually sent to the researchers on CDs or can

be downloaded. The neanonymised files are hightpnfidential and still a combination of some

variables may lead to an identification of the surveyadn. The potential results of the analysis at

GKS b{lI TS OSYyiNB¢ Ay [dzESY02dzNH | NB O2y(iNRff SR
published and provided to the researcher.

In addition, there are public use files (PUF) anonymisgeslich tha the respondentannot be
identified either directlyor indirectly. PUF are not confidential and in principle public domain,
however, due to extensive anonymisation they are not very useful for scientific purposes
Nevertheless, this file might be usad dummy data set for interface solutions.

Another option to access the FSS micro data is offered via national data préviBletshis restricts

the analysis to the national domain. The access condition varies amongst the national agencies. In
somecasgd 3 (G KS NBIdzZA FdGA2ya NB adNAROGE FyR | 00Saa Aa
the format, and items of the FSS catalogue can differ compared to the EU data format. A summary

how the different countries do provide access to the micateds unfortunately not available.

The second micro database on economic performance in the agricultural domain irthe
accountancy data networKFADNY. It monitors farm' income and business activities. It is also an
important informativesource for understanding the impact of the measures taken under the CAP.
FADN is the only survey of microeconomic data based on harmonised bookkeeping principles across
Europe. All relevant documents and information on FADN are accessible in CIRCABGdmarpain

area''. As bookkeeping principles are evolving the documentations also changes. The newest
document for the description of the catalogue of variables was provided in May 2020 for the farm

41n 2010 a special survey, the Survey on agricultural production methods (SAPM) was carried out. SAPM was carried owtitbgbther
2010 census in some countries, whereas in ottmuntries SAPM was carried out as a sample survey and data were linked to data of the
census at the level of the individual holding to enable cross comparisons of variables collected in both SAPM and the census
(https://ec.europa.eu/eurostat/statisticeexpained/index.php?title=Glossary:Survey_on_agricultural_production_methods_(SAPM)). See
alsohttps://eur-lex.europa.eu/legatontent/EN/ALL/?uri=CELEX%3A32008R116the knowledge of the authors the data is available at
national data providers, at least in Germany, but not at EU level.

5 https://ec.europa.eu/eurostat/cache/metadata/en/ef_esms.htm

625/02/2021 information received from EST-Microdataaccess@ec.europeu
https://ec.europa.eu/eurostat/documents/203647/11490892/FSS_anonymisation.pdf/be9e&%e?-191d-ace6af0e03fdb231
8https://ec.europa.eu/eurostat/web/microdata/publianicrodata

9 http://www.forschungsdatenzentrum.de/en/lateshews

10The Farm Returis specified in Commission Regulation (EEC) No 2237/77 of 23 September 1977 and subsequent amendments until the
year 2008 accounting included, then in Regulation (EC) 868/2008 from the financial year 2009.
11https://circabc.europa.eu/ui/group/880bbb5abc34c46c92595¢58867c27f5/library/34866b526€84984-9eea
5aad44e3ffa7?p=1&n=10&sort=versionLabel_ASC
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return in 2019 but also older versions are availabte.NHND STEWRe applied for data until 2017/18.

At this location document for the methodology can be downloadekkFSS the Commission does not
directly collect data itself. This is the responsibility of a Liaison Agency in each Member State. To
ensure hat this sample reflects the heterogeneity of farming it is stratify by three criteria: region,
economic size and type of farming. Farms are selected in the sample according to a selection plan that
assures its representativity of the farm population, repented by FSS. FADN adopts an approach by
including only farms deemed to be commercial above aotilimits, measured in economic size. An
extrapolation factor (weight) is calculated for each surveyed farm. In addition, standard results are a
set of indcators, calculated from the catalogue and are available for download from CIRCABC. They
describe the economic situation of farmers by different groups and regions. Data at the level of
individual farms are normally not released outside the Directorateg@adnfor Agriculture of the
Commission, exception are granted for research projects. The FADN survey catalogue are extracted
from inventory, cash book or journal kept by the farmer or field officer and are grouped into 13
tables?. Compared to FSS, whiabnsists of structural information for all farms in the, FADN consists

of bookkeeping data for a subset of farms. The data is collected for each year.

There are two main models in the EU which make intensive use of FSS and FADN at different
aggregations. \ith the availability of adaptable aggregated data from the farm accountancy data
network (FADN) and aggregated data the farm structure surveys (FSS) the farm type module for
Common Agricultural Policy Regionalized Impact model (CGABRVas develope@Britz and Witzke

2014, Gocht and Britz 20114 higher resolution of the supply model has been achieved by defining
farm types, which in turn are represented by a nonlinear programming model that captlfe
activities associated with the farms of a certain typology in a specific region. The-ERBRIre the

same model template (economic modelling assumptions) across regions, only the parameterization
differs. The model comprises about 2,900 farm typesthe EU. Each is characterised by its
ALISOALtA&LFGARZY YR SO02y2YAO aAT Sd ¢2 LI NF YSGSNAI
has been established in a jalbased progrart¥: to a comprehensive aggregated data set from the
Farm Structure Suey (FS$)(cropping hectares, animal herds) by type and economic size and Nuts2
region, aggreged FADNIata for yields and costs of particular by type, size and Nuts2. Contrary to
the CAPHET, where the main data source was FSS theGAM model furtheincreased the resolution

by building a strong link to the micro data of FADN. This was possible @3AFPNS an Eldhouse JRC
development with access to micro level FADN data (Louhichi et al. 2015, Louhichi, Espinosa, et al.
2018). The research group IBfMCAP used in the first version the java interface also used by CAPRI
FT to covert the data into a GAMS readable format. This recently changed and a new interface realized
in R as package library was developed called FADNUtils (reference DimitriM¥@aPFmodel aims

at an EUwide individual farrdevel model coverage. The model is applied to each of the 80.000
individual FADN farms. The primary data source is the micro data FADN complemented by additional
EUwide data sources such as aggregated Eatodata and the CAPRI model databdkeuhichi,
Espinosa, et al. 2018)ike CAPRFT, IFMCAP applies a GGIG based user interface to configure and
run working steps (ravFADN data processing, construction of the model database, calibration,
scenard runs). Although this has been standardized to some extent by using GGIG, less attention has
drawn on the interfaces to input data. The interfaces have been developedla@dlasis and have

not been made so far available to other potential users. Initiatd missing documentation made it

12Table A: General information; Table B Type of occupation and Breakdown of the farm area: owned, rented or sharecropp@d; Table
Labor; Table D: Assets;bl@ E: Quotas and other rights; Table F: Debts; Table G: Value added tax (VAT). Table H: Inputs; Table I: Crops;
Table J: Livestock production: Table K: Animal products and services: Table L: Other gainful activities; Table M: Subsidies.

3pPart of GIG javaource code

1 ESS provides harmonized data regarding the structure of agricultural holdings in terms of land use, livestock numbeatmrféoné,
machinery and equipment, and participation in rural development programs. The complete agricultisabdemupdated every 10 years

(with intermediate sample surveys).

15SFADN provides accounting data for a sample of commercial agricultural holdings. The survey is conducted annually.
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hard or impossible to adjust it for the purpose of other research projektsst of use cases, which
document how to use and apply the interface were missing. Besides, the data format, content and
structure of the daabases often also changed and became outdat®benfinancial support ended,

and confidential data had to be deleted. The developed interfaces for FADN data operated on micro
data (Neuenfeldt2014). In CAPHAT and IFMCAP the bighysical representatiois limited and hence

no interfaces to management and production data bases have been developed. Although the
methodology to depict technologies in IDM modéis known,gathering,and collecting the required
information is cumbersomeyhen focusing on sesral regions. Often information on management,
related costs and technical coefficients is when available only in national languages and’ rarely
accessible in digital form. Most data collections on management are based on expert interviews and
field expeiments and information on the adaptation in the farm community is limited. In this context,
production surveys like SAPM can be useful to establish a good understanding on the existing and
dominating technologies to interlink management data with from &XEFADN.

The interface development in WP2 is split into two development phases. This allows us to start with
interfaces for which the project members have access. Given that we still in an earlier phase to apply
for micro data access for FSS (and mayweSAPM) we will first further develop the micro data
interface to the FADN data, building on the interfaces developed forQRR. In addition, we focus

on an interface for micro data from the national data provider in Germany, for wittiNEMas
accessln addition, we collect amongst the partners information on the accessibility to management
data to recommend on how potential data access and interfaces could look like in the future.

2.2. Review of biephysical and environmental impact relevant data at high
resolution and related interfaces for IDM modelling
{lead WR, SJamssenr}

We first name exiting EWide geo databases potentially relevant for IDM modelling and provide
references and interfaces where accessible. Then we discuss the Integrated Administration and Control
System of the EU for the CAP and the terms of conditiaseat for IDM development. We follow with a
review of existing remote sensing products and at the end discuss the AgrodataCube, as an example for
combining different geo spatial data sources in a way to provide a consistent geo spatial data cube for data
analysis in theontext of the MIND STEP model toolbox.

2.2.1.Geo data at EU level

Thisgives a summary of the available databases in the EU and are described in subsegaentisub

Tablel: Summary table for the spatial dathasis for the allocation of farms

Visual http://land.copernicus.eu/pareuropean/corineland- 44 classes
interpretation ~ of cover

satellite images and

divides land use 44

classes

(Land  Use/Cover http://esdac.jrc.ec.europa.eu/projects/lucas Lucas classes
Area frame

16field operations, manure handling, ruminant production and grass landagement, fertilizer application technologies, housing and
feeding regimes

17Exceptions exists as for the management data from KTBL, which have been made available as bTilK {tNEMnstitute in form of a
database. The use and access however are mstti However, there a web interface, whereby manual selection management data is
provided as wen table. www.KTBL.de
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Statistical Survey)
based on CORINI https://www.eea.europa.eu/dataand- Relevant classes: 11: Arable lar
Land Cover 2006 maps/data/ecosystentypesof-europe-1 and market garden, 12
Cultivated areas of gardens an
parks
based on CORINI http://www.eea.europa.eu/dataand- For each combination of
Land Cover 2006 maps/figures/estimateehigh-nature-hnv-presence country and environmental

zone, CLC classes arerntfied
(out of in total 19 CLC classe
that are likely to contain
primarily HNV land.

Soil mapping Units  http://esdac.jrc.ec.europa.eu/content/europeasoi- Single soil component anc
databasev20-vectorandattribute-data similar soils

Europea European Commission, HRES Digital Elevation Mode Own compilation of altitude

Commission, JRC (CCM DEM, 250 meters) zone @300 m, 30@600 m and

IES Digital Elevatior >600 m based on Digits

Model (CCM DEM ElevationModel

250 meters),

received 2004
LFA boundaries maj European Commission, JRC, LFA boundaries map, rec Mountain/hill area (article 3.3);

2006, Less favoured areas in dang:
http://www.eea.europa.eu/dataand-maps/figures/less of depopulation (3.4); areas
favouredareas/figll_lessavoured with specific handicapg3.5);
areas3_graphic.eps/image_large non less favoured areas

(12 Jan 2005)
Source: Owrompilation

2.2.1.1.Corine Land Cover (CLC)

CORINE Land Cover (CLC) is a geographic land cover/land use database encompassing the countries of the
European Community. CLC was elaborated based on the visual interpretizgiatellite images. Proposed

in 1985 by the European Commission, CLC describes land cover (and partly land use) according to a
nomenclature of 44 classes. First estimation was undertaken in 1990. An update of the CLC database has
been launched in 2000nd 2006. Ancillary data (aerial photographs, topographic or vegetation maps,
statistics, local knowledge) were used to refine interpretation and the assignment of the territory into the
categories of the CORINE Land Cover nomenclature. The smallestssarfggeed (minimum mapping
UnitsmmU) is 25 hectares (Linear features less than 100 m in width are not considered. The scale of the
output product was fixed at 1:100.000. Thus, the location precision of the CLC database is 100 m). The
following CCL classesfer to agriculture: 211 agriculture, 212 irrigate agriculture, 221 vineyards, 231
pastures, and various mixed classes like class, heterogenous agricultural areaslésag). The main
drawbacks of the using CLC approach is beside the large timdspegen the surveys (1990 to 2000,

update 2006, 2015) and the mmuU of 25 ha that does not consider small agricultural structures (areas) the
fact that the classes are rather aggregated and therefore less suitable for describing a particular farming
system vhich needs to be explicitly knovenoppingshares. Furthermore, no direct information of livestock

herd sizes is there and needs to be approximated somehow from the fodder areas. However, grassland
classes are not suitable for determination of agricultuss.

2.2.1.2.Land Use/Cover Area frame Statistical Survey (LUCAS)

LUCAS is an EU field survey programme supervised by EUROSTAT. LUCAS provides information on land
cover and land uskased ora sample survey. The specific land cover/use statistics are collected in co
operation with authorities from all EU countries. SirR@06 the survey has been undertaken to
estimate the state of land use and cover in the EU and the dynamics of change. The LUCAS surveys are
carried out insitu every three years. This means that observations are made and registered on the
ground.
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Data onland cover and land use are collected at the point of observation and for a transect. For 250
meter long transects (normally oriented West to East) all changes in land cover are recorded. The
surveyors record both areal land cover classes and linear elan&he LUCAS transect database
consists of two samples. The first and larger data base (LTDr) contains 270,277 data points on the
sequence of land uses and land cover. For a sub sample 1,283 data points not only the sequence of
the land uses, and land@oS NJ OKI y3Sa Aa NBO2NRSR odzi Ffaz2 GKS
2009, the European Commission extended the periodic Survey to sample and analyse the main
properties of topsoil in 23 EU Member States. This topsoil survey represents the firmpattebuild

a consistent spatial database of the soil cover across the EU based on standard sampling and analytical
procedures, with the analysis of all soil samples being carried out in a single laboratory
(http://eusoils.jrc.ec.europa.eu/projects/Lucas/Approximately 20,000 points were selected out of

the main LUCAS grid for the collection of soil samples. A standardised sampling procedure was used
to collect around 0.5 kg of topsoilmging from 620 cm. The samples were dispatched to a central
laboratory for physical and chemical analyses. The latest LUCAS survey (2012) covers all EU countries
and observations on more than 270 000 points.

Three types of information are obtained:

1. Micro data: land cover, land use and environmental parameters associated to the single
surveyed points,

2. Point and landscape photos in the four cardinal directions,

3. Statistical tables with aggregated results by land cover, land use at the geogrdphatal
these estimates are based on the point data appropriately weighted.

The LUCAS data and other sources of specific land cover/use data are not always comparable mainly
due to methodological differences. In Austria for example a comparison showedvedyatittle
accordance between LUCAS data and national data (FSS and IACS). For example, LUCAS data estimated
an increasen cropland over a period of years whére cropland area was known to have decreased,

or LUCAS estimates of the extent of land usenge towards settlements were ten time higher than

the real ones. This is due to methodological differences many related to sample size; for example, the
LUCAS grid of survey points is too coarse for tracking national detailed change at the national level
and there have been insufficient adjustments with national data.

2.2.1.3.Ecosystem type map v2.1

The ecosystem classification is based on EUNIS and the proposal of ecosystem typology for the MAES
working group. Itonsidersnapping feasibility at European scaled keep compatibility with national
mapping approaches (nested scales).

The basic geometric reference for the mapping of the ecosystem types is CORINE Land Cover
transformed into the 100*100 m grid (using the CORINE land cover value of the pixel castpiié|

class label). CORINE Land Cover classes are transformed into EUNIS classes based on detailed expert
analysis, starting with the m:n crosswalk between EUNIS and CLC, additional georeferenced data
(higher resolution compared to CLC) and thematiatien between land cover classes and the EUNIS
classification system (improving the thematic resolution of CLC). The crosswalk between EUNIS classes
and CORINE land cover classes was already developed from tB&ENG was used as starting point.

The curent version v2.1 of the Ecosystem type map v2.1 can be downloaded here:
http://www.eea.europa.eu/dataand-maps/data/external/ecosystertype-map-v2.1 A new

version3 is planned to be produced by in 2017. Though the ecosystem type map is mainly based on
CORINE Land Cover 2006 it shows a significant higher geometric accuracy than CORINE Land Cover. A
drawback is that grassland classes are not suitable for detextion of agricultural use.
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2.2.1.4.High Nature Value Farmland (HNVF)

Some types of farmland are, because of their broad characteristics, inherently high in biodiversity.
They are described by the general characteristics ofitgut farming systems in terms ofddiversity

and management practices and named as high nature value farmland (Paracchini et al., 2008). The
conservation of biodiversity on these farmlands depends on the continuation of low intensity farming
practices. The concept of HNV farmland ties tbge the biodiversity to the continuation of farming

on certain types of land and the maintenance of specific farming systems. Typical examples include
seminatural grassland systems, traditional oliwéne, and fruit production, Dehesa, Montado and
otherwood pasture systems and extensive farming in boscage landscapes. The overall mapping effort
is based as much as possible on existing Euvdde datasets (CLC 2006, Natura 2000 sites, IBAs,
PBAs, environmental zones). For some countries national spétifiecnation was used (specific
examples are referred to subsequently). The current version of the European HVN farmland layer is
based on CORINE Land Cover 2006 and can be downloaded. It is about to be updated based on CLC
2012 in 2016. The HNV datasesistable for parEuropean analyses,g.,CAP assessment. As based

on CORINCE Land Cover the spatial resolution is quite coarse as the minimum mapping unit is 25
hectares.

2.2.1.5.Soil Mapping Units (SMU)

The European Soil Database (ESDB) consists of the masiedeand comprehensive soil data,
distributed by the European Soil Portal of the Joint Research Centre (JRC) of the European Commission
(Panagos er al., 2012). The database consists of four components, of which the Soil Geographical
Database of Eurasia@GB®BE) at scale of 1:1 000 000 is of interest. The SGDBE contains a list of Sail
Typological Units (STUs), which are described by variables (attributes) specifying the nature and
properties of the soilse.g.,texture, water regime, stonines3.orepresentthis database in spatial

layers at a scale corresponding to 1: 1 000 000, the STUs are grouped into Soil Mapping Units (SMUS)
to form soil associations. Each SMU corresponds to a part of the mapped territory and as such is
represented by one or more polygs. The data are freely available after registration via the JRC
(http://esdac.jrc.ec.europa.eu/resouretype/europeansoildatabasesoilproperties) in vector data

from 2001 and raster data from 2006 with a resolution of 1 km and 10 km (European Comraissio

the European Soil Bureau Network, 2004).

2.2.1.6.Digital Elevation Data (DEM)

The elevation data was provided by the Institute for Environment and Sustainability (IES) of the JRC.
This digital elevation model (DEM) is the result of merging several DEMsamtimg resolutiorto

provide ample coverage across Europarkey,and part of Russialhe DEMas a resolution 0250

m.

2.2.2.Integrated Administration and Control System (IACS)
{THUNENA. Goch}

To ensure regular payments, the CAP relies on the Integrated Administration and Control System
LI/ {0 I &aSid 2F O2YLINBKSyaAodS | RYAYA&AUNI G§GABS |y
System (LPIS) is a key component of IACS. It is system»agsed2 NI K2 mTA Yl ASNE o SNJ
photographs) which records all agricultural parcels in the Member States. It serves two main purposes:
to clearly locate all eligible agricultural land contained wittéference parceland to calculate their
maximum eligible area. Reference parcels are a uniquely identified and geographically delimited
agricultural area. Farmers are expected to examine and to identify and exclude from their applications
all nonagricultural land, and ineligible features on parcel&. S [t L{ Q&4 G SOKyYy A Ol f
amongst Member State as various types of reference parcel systems exishgfibaltural parcel
system:which covers a single field and s single fancadastral parcelwhich can relate to one or

Q)¢
—
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more farmers, basé onownership,and can cover one or more crogarmer's block which belong

to a farmer but covers one or more crops without natural boundariesgnysical and topographical
blockwhich Area bordered by certain features (ditches, hedges, walls, ettgancover one or more

crop groupgECA, 2016). Belgium, Germany, and the United Kingdom have an LPIS for each region. All
other EU Member States have one each covering the whole country. There are currently 44 LPISs in
total, containing over 135 millioreference parcels.

The LPISs are managed by the Member States, which are responsible for the quality of the data
entered in their systems. The EU COM provides guidance to the Member States, audits the
effectiveness, may apply financial corrections if thare failures in the LPIS. The LPIS ertieges

have a very high spatial resolutiemostly 2550 cm per pixeland are in general updated every three

years. Due to the low frequency of updates to LPIS imagery, paying agencies could not use them to
verify activities taking place on the parcel during the year (planting, harvesting, mowing, etc.). To verify
FINXY¥SNEQ RSOtfFNIXdAz2zya FYyR FRKSNBYyOS (2 StA3IAOATL
inspections for a sample of around 5 % of farmdfield inspections are timmnsuming and costly

and provide a on®ff record of the situation on the field. The Commission developed, since 1992, an
alternative approach for inspecting agricultural parcels with satellite images from commercial
providers(such as SPOT, WorldView, PlanetScope) taken at different times throughout the year, called
YOKSO1a ¢6AGK NBY2GS aSyaayaQo ! OO0O2NRAYy3I (2 Ww/
remote sensing. If the paying agency cannot draw a conclusiomllmsBS images an inspector carries

2dzi I WFASER GAariQ G2 GKS fFyR LI NODSta 02y OSNy
operators, who interpret very highresolution (VHR) satellite images, using compuaissisted
photointerpretation.

An upgrade was hence needammeet the new requirements of the new CAP after 2014. A new set

2F [tL{nNBftFIGiSR Nz Sa ¢la IR2LISRY (23SGKSNJ gA
agricultural parcels used a famer, independently of the LPISemfe parcel system, the Member

{G0FGS FdzZiK2NAGASA Ydzad LINRPOARS ff 0SYSTAOAIFINRSA
the corresponding graphic material by 2018.

The 2013 CAP reform made it compulsory to use this Land Parcel Identifisgtitem (LPIS) together

with a Geospatial Aid Application (GSAA) as components of the pagagciesintegrated
administrative and control systems (IACS), introduced progressively from 2015 to enhance checks of
aid applications. In principle, farmers shd since 2018 submitting their aid applications using
geospatial methods, i.e., the position and size of their parcels must be derived from imagery captured

in the LPIS. Some Member States implemented electronic claims withspgéal component before

GSAA became compulsory. LPIS including the information from the GSAA can be a valuable resource
for analysing the structure and the land use of certain region at the parcel level and hence also a
valuable source to parameterize farm level model. The redetsummarizes sources freely available

for download.

Table2: FLIK and GSAA links for download, own compilation

https://data.public.lu/en/datasets/referenti
el-desparcellesflik/

- Sla.niedersachsen.de/landentwicklung/LE; YES recent Yes

YES/YES Several years NO

https://geobroker.geobasis YES recent YES
bb.de/gbss.php?MODE=GetProductinform
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ion&PRODUCTID=9968{d6624975

b680-3b611fch5d1f
available via DIAS YES 2019 YES
https://www.nationaalgeoregister.nl/geone’ YES Several years YES

work/srv/dut/catalog.search#/metadata/dd
8e0fb80f09-40baa8847e23c0680ae2
https://inspire.lfrz.gv.at/009501/ds/inspire_ YES 2019/2018 YES
schlaege_20XX_polygon.gpkg.zip

Source: Own compilation.

2.2.3.Remote sensing products
{WR,G. Roerink

In 1972 NASA launched the first satellite, which was specifically equipped for land observagon

first Landsat Multi Spectral Scanner (Laned&S1) was able to map the earth surface with a
resolution of 80 m in four spectral bands (Green, Red, Red/NIR, NIR). The satellite had a repeat cycle
of 18 days, but due to data recording limitations restery image was acquired (in fact only 1600
images were acquired during its lifetime of 6 yea@opmonitoring at field level was not possible

with this satellite, as with 80 m resolution only the bigger fields could be distinguished and only one
or twoimages per year were acquired. However, the red and NIR spectral bands allowed it to quantify
biomass. In practice this satellite was used for land cover classification at a coarser scale.

This example illustrated already very good that the power and ilisalof satellite sensors is
characterised by the spatiapectral,and temporal resolution. If you want to map housetensions,
you need other specifications than when you want to monitor crop growth at field level.

2.2.3.1.Spatial resolution

The spatial pixel resolution of the land observation satellites nowadays ranges between 0.5 m and 250
m. There is a tradeff between the pixel resolution and the covered area. The highest resolution
O2@0SNRBR 2yfteé avlff I NBI a coker fesolffiiSésatalitpsizhapBread of Qa =
Kdzy RNBR& 27T 1 Y Qamahifoih§ you wayt to@niapiti fagmer plotdligdiddually, so

the pixel resolutiormustbe substantially smaller than the average plot size. For a field size of 0.5 to

1 ha apixel resolution of 10 to 20 m will do.

2.2.3.2.Spectral resolution

The electromagnetispectrum ranges from shortwave gamma rays to long wave radio waves (see
Figurel). Typcal land observation satellite sensors measure radiation in three domains:

1 The optical sensors measure reflected solar radiation in the visible and NIR doma2rb(0.4
um wavelength). From crop monitoring purposes spectral bands in the red and NIR are
required, with the principle that a green canopy needs red light for the photosynthesis process
and NIR is reflected and transmitted almost completely, while for other land covers the red
and NIRreflectanceare more similar. Disadvantage is that the land acef only can be
observed at cleasky conditions.

1 The thermal sensors measure emitted longwave radiation in the thermal infrared domain (8
12 um wavelength). The land and sea surface temperature can be determined; bésdes
forest fires are detected with thermal radiation. Also, thermal sensors have problems with
clouds.
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1 The radar sensors measure radiation in the microwave domailO(@m waelength). The
large advantage of radar waves is that it passes through clouds, so image acquisition is
guaranteed. The radar signal is sensitive for soil and plant structure and moisture.

- Energy increases
Short wavelength Long wavelength
—
10° nm 103 nm 1nm 10°nm 10% nm Tm 10°m
1 | | 1 I | 1
Gamma rays X rays Ultraviolet Infrared Microwaves Radio waves

T I I I I [
10'2Hz 10'°Hz 108 Hz 10°Hz 10*Hz 10%Hz

Low frequency

T T T T T
10%Hz 10%2Hz 10%°Hz 10'®Hz 10'Hz
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Visible light

7 X 10" Hz 4 X 10"Hz
Figurel: The Electremagnetic spectrum

Sourcehttps://www.miniphysics.com/electromagnetspectrum_25.html

2.2.3.3.Temporal resolution

The third dimension of satellite resolution is the temporal resolution. Satellite efithhee a polar orbit

or an equatorial orbit. The latter one follows the earth equator with the same inclination speed as the
earth orbit, so it stays at the same spot above the equator. As a result, its position in space is about
35000 km above the earth dace. So, pixel resolution is coarse (1 km), but it can make constantly
image acquisitions. These satellites are typical weather monitoring satellites.

In case of a polar orbit the satellite makes orbit from pole to pole. Each orbit follows a new path ove
the earth. The revisit time is the number of days that is takes for the satellite to map again the same
pathway over earth. The altitude in space is between-3000 km; much lower than for the
geostationary satellite, so the pixel resolution can be mhigher. So only polar orbiting satellites are
suitable for crop monitoring purposes at field level.

For crop monitoring purposes resolutions between 10 and 20 m are required. Satellites with these
pixel resolutions have typical revisit times between 1@ a0 days, which is not enough for adequate
crop monitoring, especially if one considers the cloud occurrence in many parts of the world. The
solution for this problem is to launch more identical satellites (for example Se@#aind Sentinal

2B) which mltiplies the number of acquisitions and assures lower revisit times.

2.2.3.4.Copernicus program

Although the Common Agricultural Policy has a long history of using satellite or aerial images for
checking aredased aid, these images mainly before 2017 usuallyewet available with sufficient
temporal frequency. New imaging technologies with the-dsthed Copernicus Sentinel satellites,
known as Sentinels, had become a new source of data for monitoring the Common Agricultural Policy
because automated processing tihe series throughout the growing season makes it possible to
identify crops and monitor certain agricultural practices on individual parcels or even at higher
resolution (10x10 meters) Buide (Devos, 2017,2018a,2018b). Although the Commission promoted
the technology through many conferences and workshops in 2019 only 15 out of 66 paying agencies
used the Copernicus Sentinel to check aid applications and an audit of the Commission revealed that
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many paying agencies consider that there are obstacles demise of the new technologies (ECA,
2020).

2.2.4.Green Monitor
{WR,Roerink

The Green Monitor data platformwfvw.groenmonitor.n) started in 2012 to map the Netherlands
with high resolution satellite imagery. The Green Monitor is developed as ar@asg webtool for
visualization and interpretation of time series of NDVI satellite images covering the Netherlands.

Groenmonitor
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- AaroDataCube is een mnitiabief van Wageningen UR en geeft toegang ot ‘open daty’
Laatiet | © OpanStaetMap contributors, @ WUR groenmonitor  rondom landbouw en voedsel Kk hier voor achiergrondinformatie
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Figure 2: Screenshot of the Green Monitor (www.groenmonitor.nl). The graph shows the annual
NDVI behaviour in 2019 of the blue marked grasslgmatcels(note that 5 mowing events can be
distinguished).

Sourcewww.groenmonitor.nl

From 2016 onwards the Green Monit@ collecting and processing high resolution imagery from
Sentinef2 and Landsat satellites into uniform Normalized Difference Vegetation Index (NDVI) images
of 10 m resolution over the Netherlands. The NDVI is a measure of the amount of green biomass and
is defined as a ratio of the NIR and Red spectral bands with values between 0 (water, bare soil) and 1
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(crops with multiple layers of green leaves). The atmospherically corrected level 2A product is used
and pixels are resampled in a uniform grid (the @uRijksdriehoekstelsel projection). The major
effort in preprocessing the data is the cloud and shadow screening and masking procedure. For a
reliable crop monitoringystem the cloud and shadow detectigacrucial. In the beginning the cloud
maskingwas done manually; since 2019 it is performed by Al technology which recognises and
removes the black and white cloud and shadow patters. In case of hazypataths,the clouds and
shadows are checked also manually and wherever necessary additioredtmms are made.

Table3: Available satellite imagery for the Green Monitor

Satellite Period Spectral bands Resolution Revisit time
Sentinel2 2016 @ BGRNR  10m  5days
ST Red Edge, NIR, SWIR, MIR 20 m (overlap  2x
Deep Blue, Cirrus, Watgapour 60 m e
Landsat8 2013 Panchromatic 15m 16 days
onwards Deep Blue, B, G, R, NIR, SWIR, MIR, C 30 m (overlap 2x
TIRL, TIR2 100 m per 16 days)
Landsat7 1999 Panchromatic 15m 16 days
onwards g G R NIR, SWNRR 30m (overlap  2x
TIR 60 m per 16 days)

Source: Own compilation.

2.2.4.1.Grassland markes

Thecloud freesatellite images in the Green Monitor provide tbhpportunity to monitor each parcel
in the Netherlands. For each parcel the temporal NDVI profile throughout the year is extracted. The
NDVI curve reveals quantitative information on the growing season of the crop. A distinction is made
between arable crops and permant grassland. In case of grassland the derived markers are:

1 Number of mowing cuts

1 Date of first, second and later mowing events

1 Grass ploughing and renewal

1 Yield indicator
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Figure 3: Screenshot of the Green Monitdivww.groenmonitor.nl). The graph shows the annual
NDVI behaviour in 2020 of the blue marked grassland parcel with two mowing cuts and a grass
ploughing and renewal event

Sourcewww.groenmonitor.nl

Figure 3 explains how the grassland marker detection algorithm works. In principle permanent
grassland has high NDVI values throughout the year. Small dips in the time series are detected as
mowing cus. The dips are relatively small as not all grass is removedfrdn@sremain on the field

and regrowth starts again. Grassland ploughing and renewal is detected as a large dip in the curve, as

the ploughing reveals the bare soil with very low NDVI vallidie cumulative NDVI value is used as
BASER AYRAOF(G2NY ¢KNRdAzZAK 'y SYLANROIf NBfFOGA2yarl
(in cm).The grassland markers are stored and made available again in the AgroDataCube.
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2.2.5.AgroDataCube
{WR,S. Jasser}

Many valuable open data sources are available for the Netherlands that can improve data science and
decision making in agriculture and food. However, these data sources are still scattered and are
published using a range of differestandardizedand nonstandardized formats and protocols. This
means that substantial efforts are required to firmllect,and combine such datepeatedly to feed

the many applications that use such data. The AgroDataCube functions as a hub that brings together
these heterogeneous data streams, enriches them, addirgpimse analytics, and publishes the result

as harmonized, wo-date, standardized datasets accessible through an open REST API
(agrodatacube.wur.nl).

In 2018, version 2 of the AgroDataCube has beerldged. Through integration with Green Monitor,
the AgroDataCube now also provides a rems¢@singbasedvegetation index (NDVI) at sydarcel
resolution. Such vegetation indices are used for reseaah,crop modelling and yield forecasting,
by farmes to monitor the development of their crops, or to monitor agricultural practiesy.,
complying with CAP regulations.

The approach: Merge, harmonize and publish

Many distributed data services relevant for the afgod domain already feed into the AgrafaCube.
These sources are heterogeneaimutdifferent aspects. While for instance remote sensing data or
weather data are voluminous, availaldlailyand are processed neaeal time, soil data and parcel
data are smaller and relatively static. The AgataCube automatically structures and harmonizes the
incoming datsstreams andinks their spatial and temporal dimensions. This means that for example
time-series of weather data or NDVI (Normalized Difference Vegetation Index) data can be retrieved
on the level of agricultural parcels. Data is delivered in a standardized format and therefore easily
reusable, for instance in data analytics tools and decision support systems.

AgroDataCube currently provide data services that publish spatially and tempexpligit data from
the following resources:

9 Agricultural parcels and parcel attributes (parcel geometries and crop information from BRP,
AAN)
Soil data (Soil map 1:50.000, BOFEK)
Weather data (observations from KNMI stations)
Elevation (AHN)
Administrative regions (NUTS and postal codes)
Green Monitor satellite data
o NDVI, WDVI vegetation indices (mean and standard deviation)
0 Grassland markers: mowing dates, ploughing date, management intensity
o0 Arable land markers: ploughing date, sowing date, emergeraxwgelst, catch crop
1 Radar coherence (Senting)

=A =4 =4 =8 A

The ADC is filled near retithe with current data (weather data, green monitor satellite data), so that
the currentsituationin the field is always available and there is a perspective for action

TheAgroDataCube is an innovation in big open data. It is one of the first real results of combining data
from different batches and make them unequivocally available to the user. It is based on open data
principles and is open documented.

The AgroDataCube:

1 makes an innovative contribution to the aspect of interoperability of data in the-fagd
domain
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1 is of great importance for different interest groups
I makes new research and new business emasumeroriented solutions
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Figure4: Schematic representation of the AgroDataCube

Source: Own compilation.

2.3.Review interfaces for IDM modelling to existing and established
modelling databases

2.3.1.GLOBIOM database and interfaces
{IASAA.Brouwep

The Global Biospherdanagement Model (GLOBIOM) has been developed and used by the
International Institute for Applied Systems Analysis (IIASA) since the late 2000s. It is a partial
equilibrium model that represents various land ds&sed activities, including the agricultuferestry,

and bioenergy sectors. The model is built following a bottgmsetting based on detailed grigkll
information, providing the biophysical and technical cost information. This detailed structure allows a
rich set of environmental parameters teekaccounted for. Its spatial equilibrium modelling approach
represents bilateral trade based on cost competitiveness.

GLOBIOM takes land use inputs for the agriculture, livesfoc&stry, and bioenergy sectors from
FAOSTAT and the Spatial Productioncation Model (SPAM). SPAM data is processed with aid of the
mapspamz2globionR packag¥. In the case of the EU, crops are allocated across NUTS2 regions
using data from EUROSTAT. Harvested arealsased on FAOSTAT statistics but spatially allocated
using data from the SPAM. Yields for all locations and crops are determined in a geographically explicit
framework by the Environmental Policy Integrated Climate Model (EPIC). The yields are distinguished
by crop management system and land characteristics by spatial unit.

Total forest area in GLOBIOM s calibrated according to FAO Global Forest Resources Assessments
(FRA). The available woody biomass resources are provided by the forest model G4M foresich

area unit and are presented by mean annual increments that are divided into commercial roundwood,
non-commercial roundwood and harvest losses, thereby covering the main sources of woody biomass

supply.

18 https://iiasa.github.io/mapspam2globiom/
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The model is primarily implemented in GAMSoPto running GLOBIOM, EPIC and G4Mameand
a precompilation stage converts raw input data into GAM&dy data that serves as input for the
model and scenario stages. This includes GDX, GM$lefatition, and CSV files.

On conclusion of the scerarruns, output data for the various scenarios is collected and merged.
Through stages of filtering and aggregation, the output data is distributed across a series of GAMS
parameters that are the representationaéar equivalentf Python/R data frames agell as a series

of supportive set definitions. Parameters and sets are all included into a single output GDX. Data
dimensions include a spatial specifier for the various grid cells countries, or regions; indicator; unit;
item; scenario indices; and timbterfaces primarily access these output parameters and sets.

To interface GLOBIOM to R, the gdxrrw R package i$us@tlows GDX content to be explored, read,

and written. Read GDX data is represented as R data frames which are readily converted into the
modernized data frame representation called tibble that is at the core ofitheserser framework®

The tidyverse is a coherent and lucidly designed set of R packages that cover various aspects of data
analysis such as tidying, transformation, manipulation, and declarative visualization. On top of gdxrrw
and the tidyversea GLOBIOM visualization interface is provided bygliomvisR packagé! It

supports analysis and generation of a variety of scenario plots. In addition, globiomvis enables creation
of maps for the vdous regionally and spatially explicit representations of the model.

For interactive exploration and intended primarily for training and outreach purposes graphical

user interface (GIO) based on GGIG (Britz, 20is4pvailableas an alternative way of performing
analysis, visualization, and parameterizing and running the core version of the fA@G{8IG is Java

based and orchestrates numerous Java libraries that provide rich visualization and cahalyti
functionality. GGIG is specialized to GLOBIOM purposes via a hierarchy of XML configuration files. To
compensate for their fragility, these XML configuration files are validated against and further
documented (beyond the reach of the regular GGIG damitation) through annotated XSD schema

files. To ease maintenance and updates of the GUI, the XML files are to a large degree generated from
the GLOBIOM code base as well as from the GGIG state persistence INI file by means of Python scripts.

2.3.2.CAPRI databasand interfaces
{THUNENA. Gocht M. Himic}

The CAPRI agricultural economic model has been developed since 1999 with the help of several EU
research projects. The model supports the policgking process by means of quantitative analyses

of the EU Common Agricultural Policy (CAP) at global andnaddavels. The aim is to estimate in
advance the impact of agricultural policy decisions on production, inctrade, and the environment

using the model. To guarantee comparability of results between member countries and over time,
CAPRI uses standargizand harmonized data sources from EUROSTAT, the EU Commission and the
FAO or OECD, as far as possible. A large part of the development is devoted to data preparation or
standardization to reference units that are thus comparable over time and acrosmsaigi Europe.

The database consolidation steps are designed in such a way that all data changes can be repeated so
that newly available data sets or improved statistics can be integrated without problems. Such a
concept allows the data consolidation toave continuously without having to accept methodological
breaks. This means a high level of hardware requirements and methodological competence. For
example, the creation of the database requires the computing power of agedglormance computer

9https://support.gams.com/gdxrrw:interfacing_gams_and_r

20 https://www.tidyverse.org/

2Lhttps:/lilasa.github.io/globiomvis
22https://www.ilr.uni-bonn.de/em/rsrch/ggig/GGIG_user_Guigef & https://www.ilr.uni-
bonn.de/em/rsrch/ggig/GGIG_programming_guide.pdf
23https://github.com/iiasa/GLOBIOM_GUI
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for abou one day, although many of the processes run in parallel. The result of the database
consolidation steps are time series for the agricultural sector at the regional Nuts2 level for the topics
of agricultural accounts (EAA), land use, animal stocking tgerfactor income, prices, market
balance, nutrientequirements,and nutrient suppliers. In addition, the dataset contains a consistent
representation of regional feed requirements and feed resources. Special features are, apart from the
balancing consisncy framework, the bundling across regions (Nuts2, Nuts1, MS, EU) and the detailed
environmental indicatorsn greenhouse gas emissions and nutrient balancing. An additional gain is
the accompanying archiving of European datasets, as it is not uncommatatsstics to become
unavailable after a few years. As experience shows, the dataset has a high usefulness for many
analyses and projects, especially in the European context, although fsetfelved data sources are
sometimes available at regional ortignal level. The generation of consistent time series is part of
the data work. The time series are also used to derive trends for future development and to create
reference points for the future. These future projections, often referred to as baselisesofficial
agricultural projections from the EU Commission in addition to trend projections from the time series.
The rule here is that the regional trends in the sum of all regions should reflect the projection of the
EU Commission. These projectionséa projection period of about 10 years and serve as a reference
data set in many European analyses in the agricultural and environmental sector. In recent years, long
term projections with reference to climate development have also been produced. Heternal
projections to the SSPs from the GLOBIOM and PRIMES models are used. Data consolidation uses
statistical or mathematical estimation methods with the goal of adjusting the values of the statistics
only when economic and biphysical relationships asther statistics require it. If, for example, the
yield multiplied by the area does not correspond to the production volume from the statistics, the
yield is adjusted accordingly. The original data and the new estimated data are stored together for
compaisons and better tracking. A metadata model allows the necessary information on the statistics
and on the processing steps to be summarized and stored efficiently. Traceability in case of changes
in the routines is ensured by the version control softwaxNSThe network is supported by eight
institutions, including 3 universities, one company and four research institutes. In addition, the EU
CommissiorIRC supports the network with positions and corresponding calls for proposals. For each
data consolidatia step in the model there are responsible developers. Many institutions support the
network with personnel as well as with hardware and software infrastructures. Currently, all data is
freely available and are downloadatteTheinterfacesto access the databases are currently based

on a graphical user interface GG®3itz, 2014y° The GUI comprises a generic and powerful tool for
exploitation, accessing and exporting of results. Results from the different work steps of CAPRI
generated byGAMS are stored in GDX format as mdithensional sparse data cubes. The regional
time series data base of CAPRI covers almost 15 Miezexs valuesTo access these huge data
guantities in a usefriendly and efficient way, an XML file defines viem#hie data. Each view is firstly
characterised by a selection or filter for the different dimensions such as regions, actitéties,or
scenarios. Secondly, a pivot is defined which maps the data base dimension to viewport dimensions,
such as the coluns or rows of a table, or the regions shown in a map. And thirdly, it defines the view
type: a table, different type of graphs or a map. Fourthly, views may comprise links to otherlikews,

the concept of hyperlinks in WEB pages, which allows a-tinilin" like exploitation from general to
specific aspects, or vice versa.

But the user maintains his freedom: he may tune the view to his own needs, by adding his own
selections, change the pivot or the view type. Equally, fonts, colour, cell sizes ortfgspad the

graphs may be set by the user. His personal settings can be stored for future session. And finally, the
mapping viewer allows for rather flexible classifications and colouring options. The details with

24 https://www.capri-model.org/dokuwiki_help/doku.php?id=getting_started_with_capri
2Shttps://www.ilr.uni-bonn.de/em/rsrch/ggig/GGIG_user_Guide.@https://www.ilr.uni-
bonn.de/em/rsrch/ggig/GGIG_programming_guide.pdf
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examples are discussed in a chapter & @APRI documentatiéhIn addition to the GGIG there exists
aninterface to import the result database of CAPRI into Excel using an COM add for Excel based on
the GDX API of GAMS and the MS .net framework. After opening Excel, the C@Moaded and a

ySé wAiooz2zy a/!twlL wO9thwe¢{é¢ OFYy 06S dzaSR (G2 AYLRNI
ready for reporting?’ Similarly, a R package interface to access the CAPRI database exists developed
by Mihaly Himics. The R package reads GDX files arepgres figures and chart€ It includes
functions for processingjisualizingand analysing both the model databases and simulation results.

It has been designed to complement (rather than to replace) already exist@&@Gr CAPRI. The
advantages of capriR compared to graphical User Interface options indisstemination of model
databases and simulation resyl&itomated reporting requiringdditional (postmodel) calculations
creating publicatiomquality maps and other data visualizationss CAPRI covers EU agricultural
production activities with fine geographical detail, spatial data analysis and visualization are of a
particular importarce for capriR. CAPRI results are linked to commonly used spatial data packages
thus enabling the user to create higlsolution static or interactive maps. With capriR you can also
access rapidly the databases and simulation results of the CAPRI mosigli@eg. The modularity of

the R programming language allows for directly applying advanced econometric and statistical
technigues from other (opesource) R packages on the data sets retrieved from C/ARRbugh

capriR is only directly useful for the aéively small user base of CAPRI, some of the general strategies
for rapid package development might bewsed for similar, large scale economic models.

2.3.3.MAGNET

{WR,J.Helming M. Mller}
2.3.3.1.Model and background

The policy landscape is becoming increasingtyplex with interrelated global challenges stretching
across domains previously handled in relative isolation. An example is the Paris agreement of 2016
(UNFCCC 201@hich will have widespread repercussions for the way in which the world economy
operates. Such commitments require policymakers to look at impacts beyond their own domain and
decales ahead. With feedback loops abound impacts of interventions become theoretically
ambiguous requiring eante integrated modelling tools to explore expected impacts of policy
interventions, trade-offs, and synergies across multiple domains. Such chaderaye faced by
MAGNET (Modular Applied GeNeral Equilibrium Toohe MAGNET model is a global general
equilibrium model. MAGNET is based on the LEITAP model which has been used extensively in policy
analyses. MAGNET offers more flexibility in model agagien (definition of regions and sectors) and
Y2NB 2LJGA2ya F2N OKFy3Ay3d I Y2RSt Qa aidNHOGdZINBd
general equilibrium modelling framework which can be easily tailored to specific research questions
and regiors and products of interest. This flexibility allows researchers to adjust the complexity of a
model to the questions at hand as well as to their own level of understanding of global CGE models.
The core of the MAGNET database is the GTAP database. MAGHRE R series of additional
databases, such as GTAP satellite databases, FAOSTAT (commodity balances, land use, land cover and
fertilizer), data on biofuels from the International Energy Agency and land use parameters taken from
the IMAGE model. On averader almost each module in MAGNERigure5) additional data is
included in the MAGNEdatabase complemented with eenario datalike projections of GDP and
population The database is constructed in several steps: the first step includes gathering raw data
from the web or other sources and reshape to standard input formats by hand or using code. The next

26https://lwww.capri-model.org/docs/capri_documentation.pdf#search="Exploitation"
27https://www.capri-model.org/dokuwiki/doku.php?id=capri:team:alex_gocht
28 https://github.com/trialsolution/caprir

This project has received funding frorth 9 dzZNB LISy | yA 2y Q& | 2NJ 30
research and innovation programme under grant agreemer8IN566



MIND | , REPORT D2.
STEP

step is performed by using DSE&igure5). You can select the desired GTAP database, add other
databases and formulate new regions, sectors, commodities, and endowni¥érgse steps lead to

the desired database for a speciproject.The processing of data is for almost 100% coded to make
it easier to update the original source data, to track how data are processed and to maintain flexibility
using different GTAP database versions.

MAGNET: Modularity for cross cutting [
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Figure5: MAGNET modules

£ Dynamic Sreering Syster T T - T T o & ]

File Run Exit
Database | Model | Prepave scenano | Scenano (Gemse) | Downscale

Scenario: ShowDSSDatabase

Survey Curent question
= MAGNET database Add seciors to_har file
& G Choose GTAP database folder Code o= Magping
3 Qcoms e i i » R - =
o @) Choose includes L ==
QY Add sectors o har file et a
= €Y Add commodiies 1o har file Esl Coredl graing nec: £l
= G Add vegions to har file v.i Vegetables, fnat, nuts vi
o Q) Add endowments to har file od O seeds oxd
eh Sugar cane. sugar beet ch
o Plary based fivers pib
aer Crops nec oer
ot Cattle sheep goats horses o
o8p Animal products nec oap
k. Raw mik k.
wol Wool, slk-wom cocoons wol
frs Forestry frs
fsh Fishng feh =
Click at the beginning of the row for edit mode
Code Description .. E—
biag biogasalne [
Add
[ savesnen

Figure6: DS Example of selections for creating a database
However, he first step is not coded as the raw data needs to be checked on consistency and naming.

2.3.3.2.Handling multiple users and developers

Magnet has beemleveloped by multiple persons at different locations and tiermore results are

used by multiple internal and external users or clients. This requires a solid infra structure to guarantee
consistent and reproducible outcome&s MAGNET is used in a ramg@rojects, we need to assure

that there is a working version of the model that can be used.asherefore, dvelopment of the
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MAGNET model and database take place under version control systemdskiNg witha trunk and
branches. The trunk forms the stable core of MAGNET. It has no loose ends or broken parts. All its
components are documented and tested with the production version of MAGNET (a specific
aggregation and set of simulations). It can thereforedzé@ S RA &d aF 2 NJ | LI A SR 62 N]J
changes it is a single revision that is a stettange: it moves from a working state to a new working
state where all included components and answer files work. There is thus not a series of revisions
introducing loose ends/ unfinished code or which break already included parts of the system.
Developments of the code system is done in branches that originate from the td@n& intermediate
versions can be committed that not yet work and all other files thatlzddevelopment of the code.

For example, manually created database files used for developments can be stored and shared with
other team membes. WECR developed a dedicated software package called DSS (Dynamic Steering
System) to ease the use of MAGNFT.IS3a Sy OS> 5{{ WwWraila ljdSairzyaq
creates appropriate command files for running GEMPACK code (referred to as Scenarios in DSS).
Specifically, DSS is used to create the MAGNET dat@étgae=6), to create the MAGNET model and

to constructscenarios. This allows the MAGNISErs to use the same code for different databases
(different releases of the GTAP database, or different aggregatianspfecific applications) and
different model structures. This flexibility comes at the cost of requiring the user to make a large
number of choices before being able to run the model. Answers of a model setup are stored in so
called answer files. These avex files can be shared with other users to reproduce the specific model
versions. Working with DSS facilitates also a full separation of model code and data files. A new
concept has been developddr MAGNET outputwriting MAGNETscenario results to theentral
Datawarehouse of WeckFigure7) complemented with links to predefined PowerBports. The
Datawarehouse of Wageningen Economic Research starts with incldaiagnto the system using

L Server Integration services (SSIHyre7). The data is converted and processed using Data
Quiality Services (DQS) and Meta Data Ses\ielDS) and finally stored into the Data warehouse (DW).

In the semantic layer derdd data is created. Finally, the data is accessible (authoring) using different
applications like SQL, PowBI, R, Python and othene of the applications is Power Bithw
additionally PBteport server. With this latest tool visualisations of project deda be madavailable

for users/clients outside Wageningen Economic Research. However rdpsts containpredefined

figures and tables. Therefargzet not in Figure 7. However already in developmenis (Data
webserviceds introducedwith which users from outside Wageningen Economic Research can also
guerythe data Users need to be authorized for this.
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Figure7:Overview of the Datawarehouse system of Wageningen Economic Research

Scenarios of MAGNET can berstl in the Datawarehouse by added functionalities in DSS. In DSS a
tab is added where you can select from which scenario the data should be added to DW. After
including the dataMAGNET developers can create PBI reports to release these data and alignts a
internal users can use these reports for own usa.example of such a report is presented-igure
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regions. This is mostly due to aquaculture prices as figure
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Figure8: Example of &2owerBl dashboard showing MAGNET results for a project

MagnetGRID is an additional program in which had been developed by WecR for simulating the
spatial patterns of agricultural land use resulting from economic decisions on the use of land (Vasco
et al,2020). MAGNEGRID combines scenattiased projections derived from MAGNET output with
spatially explicit projections on the biophysical suitability for agricultural projections and shows results
on 1-km by 10 km for primary production like wheat, catié@ming and other.
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3. CONCEPTUAND TECHNICARAMBNORK
INTERFACE DEVEMENT

{lead THUNEN

API is the acronym foApplication Programming Interfacewhich is a software intermediary that
allows two applications to talk to each other. GUI, or Ul, standsGi@phical User Interfacea
software platform that presents the ba@nd data in a visually coherent way to usevndelling
systems reviewed inf@pter 1 using often the GGIG graphical user interface, which can be dynamically
adjusted by the user, by a tekiased xml definition file, and hence does not need code chances, when
new controls and views are required.ady economic models offer visuadaand easy data access
possibilities for their users via graphical user interfaces (GUI). Most GUIs still require the user to do
numerous and timeconsuming interactions with the software, slowing down the analysis of
simulation results, and sometimes evhimdering model users to find the relevant drivers and other
causality chains in model resul® Fi g NBE 2NJ Ada StSyYSyida R2yQi ySS
communicate with each other. Software products exchange data and functionalities via machine
readable interfaceg APISR packages have been reviewed in Chapter 1, which are one way that the
user interacts in a programming environment, like R, using a standardized interface, provided by a
certain Rpackage, like capriR globiomvis A particularAPI which operates via the internet to
communicate between application is tiREST API (also known as RESTfulltAd®informs to the
constraints ofREST architecturadtyle and allows for interaction with RESTful web services. REST
stands for representénal state transfer and was created by computer scientist Roy FieRIEGTs

a set of architectural constraints, not a protocol or a stand&atan API to be considered RESTful, it
must conform to certain criterialn Chapter 1 we have seen that thgroDataCube, MAGNET with

the OData webservicesbut also the servicéo obtain sentinel dataising the API Rest technologies.
They are interesting when the data sources are huge, and the user is interested parts of the provided
data. Such services also require a good security concept when the data is not public domain, which
also restricts the usefdrest APIs for highly sensitive data like FADN.

In MIND STEParticular in WP2 an interface for data used for modelling requires to have certain
properties:

1 Given the complexity of task in modelling to combine and merge different data sources, check
for consistencyand understand the process of data generateographical user interface is
too restrictive and will not offer the flexibility required for the different data modifications
for the different models.

1 An APlin aclassical form programmed.iret, C++ or java requires IT knowledget existing
amongst modellers in the field of agricultural economics.

1 Theprogramming languag@eed to be moreopen and less restrictive, weknown, maybe
also taught already at the universitftee of charge running cross platformand easily
applicable by learning from internet sources. Example in that field are python and R, whereas
Ralso provideghe functionality to include PythorRarticular theR programming language
provides complementary data exploitatigrossibilities with its command line interface (CUI)
and with many optional packages for analysing and visualizing large datasets R
executed repeatedly with a minimum effort for interaction with the software interface, each
time simulation results &ve been updated. Data visualizations, statistical and econometric
analyses based on of thigharty R packages can be easily replicated and repeated in this
manner.

1 The language shall in the optimal case also allow to include GAMS, which was identified in
WP7 as the main language for agricultural IDM modelling.
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1 We also need taccount for different groupsnvolved in developmentnaintenance and
application of the interfaces.

0 There aredevelopers of the interfaceand which need to have a shared distrilouti
system to commonly develop and extent the interface. the system shall allow that
developers can track changes for their local environment but also push the
developments to a central repository.

0 Another group is theuser group who will use the API ia more applicable way by
loading the APl and applying without any need of changing the function of the
interface itself. For this it also requiresgaod documentationof the interface and
the offered functionality that the user knows how to apply the ifidee. In an optimal
scenario such a documentation of the interface shall be to a certain extent generated
in an automated way and with a similar structure for all different interfaces made
available.

1 Besides the documentation of the interface alsose @se documentatioris of importance.
It should show how the functions can be applied by providing examples. As example for FADN
how to apply the API to merge or convddad, or select and filter data sets. As most of the
data is, however, not commonly aiable, interface shall providedummy data setto allow
test without having the data at hand.

1 Even if this is to a certain extent clear but the user of the interface shall clearly understand
under which software setup the interface wdsveloped.

1 Inaddition, the interface shall make clear for whigtsion of the data basé was tested and
developed and furthelinks shall be providedo understand the structure and the meaning
of the data items.

9 Itshall also include metdata, versia info, Affiliation and how to refer in scientific publication
to gibe appropriate credentials.

9 It shall supportUnit testing This also requires a higmodularization also import for
maintenance.

3.1. Proposed workflow for the interface development
{THUNENA Gocht,X.Yang S. Neuenfelgt

Given the identified requirements we identified a workflow (concept) for the mind step project that
might fit and satisfy most of the requirements listed above. Given that most of the modelling groups
are working on Windows operating systems we outline wearkflow for Windows, but it is equally
applicable for Mac OS and Linux.

The core is R and®&udio, the latter is an IDE for R which provides some nice features for interacting
with the versioning system, viewing data and create automated documentatidres versing system

we propose is @it approach. The server is installed and currently operating underTHEINEN
domain as server aGitLabserver. Available for all mind step partners. This allows to deploy the
solution and record the histonGitLabinteract with a local installation dbit. This allows for track
changing local modification, a superior propertyGif compared to SVN, where all commits target the
server repository directly. The installation or setup of R is based on anaconda, whichdjrimal

case) allows the package management for R (and much more) and installation without administration
rights and provides a GUI for loading different environments. It also allows to copy and import
environment from different sources.

The key to the proposal is that we build upRmackagesAfter installing r and fStudio the following
steps are proposed tdevelop the interfaces for mindstep

1. Setup a new R package project for your interface
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Link this to an emptgitLabproject
3. Write somesuper nicanterface functions for your data (can be remote (suing other RESTful
AR) or local)
4. Distribute the interface
a. Push to theGitLab(official deliverable)
b. Providing a documentation (will go to the annex of this Deliverable)
5. Using R and insliathe library for your modelling project, e.qg., filter and modify local FADN
data and export as GDX for GAMS.
6. Develop a user case document, will be pai€bhpterd by each interface, using this approach.

N

What makes the approach possibly interesting fowider economic modelling public is that R
packages can be built with limitedfforts, and under limited timeand is well known by students and
hence potential new modellerdt is distributed under the GNU licensBuch R packages can be
developed forinterfacing complex databases, but as well as d@semination, visualization, and
complex data analysifAlso, nodel linkages can benefit a lot from moesgecific rapid package
development. The need for exchanging large amounts of data between differet¢! architectures
poses a practical challenge to modelling groups. Magelcific R packages for data exchange offer a
common software platform. The large udease of the R programming language in the broader
scientific community makes such packagescedfhit in disseminating modeland interfacedor a
general scientific audience, increasing at the same time the transparency of modelling exercises.

3.2. Technical Implementation

We descriptlhe technical implementationf step  step 6andthe softwarerequired for the proposal

in the Annex9.1-9.5. We first presentthe setup of the software Then how to link R and GIT for a
package and afterwards explaifiom the view of a developer, how to setup the GITLAB repository,
createa R packagempject and interlink it. Then we explain how the developer, with the intention to
adapt or add to the package functions, can work with plaekage and deploy it. In Annex 9.4. we
present how to build a corresponding manual. At the end &v& 2 6 #sB gasadiand their
documentationcan bebuilt.
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4. DESCRIPTION OF THE DEVELOPED PROTOTYF
INTERAFQHAA USE CASES

4.1. FADNutils: Data interface to EU FADN ddatise Case 1

{THUNEN YangJRC, Kremmydgas

The fadnUtils  package facilitates the efficient handling of FADN data within the R language
framework. This means that there is a specific temporal pattern of how a user interacts with the
package (se€&igure9). More specifically, after a request for FADN data fromARRI, this data is
delivered in csv format. The first step is to import the data into afmidRdly format using the
fadnUtils package. A detailed explanation of tliep is given in Use Ca4d.2.2

After importing the data, the user can proceed on analysing data based on his individual
needs/targets. Use casdésl.2.3and 4.1.2.4provide details on how the package facilitates further
data analysis.

Figure9: Temporal overview of how the user interacts with the package.
Source: Own compilation.

Importing the FADN csv files is done a single time and the imporedndly data is stored
permanently in a datairectory. Then, at any time, different researchers can use this data directory
to spin off different types of analysis.

Finally,fadnUtils  extensively uses thdata.table R package and thus the user is expected to
have a basic knowledge offt.

4.1.1.Installaion

You can install the development version fr@itLabwith:

# install fadnUtils package
devtools::install_git("https:/git -dmz. THUENENe/ MIND STEHadnutilspackages")

29 For more on data.table package, see documentationtips://cran.r-project.org/web/packages/data.table/index.htraind a swift
introduction inhttps://www.datacamp.com/courses/datanalysisthe-data-table-way
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