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A IDENTIFICATION
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B PROGRESS REPORT

B.1 OBJECTIVES OF THE PROJECT

INDECIS, “Integrated Approach for the Development across Europe of user oriented climate
indicators for GFCS high-priority sectors: agriculture, disaster risk reduction, energy, health,

water and tourism” constitutes a pan-European effort focused on the development and

production of climate indices, specifically targeting the priority sectors of the GFCS plus tourism
and their conversion into climate services by engaging stakeholders in their definition and
communication. The main objective of the project is to develop historical high quality and dense
climate networks across Europe based on long-perspective time series of different stations-based
meteorological variables from which accurate and robust climate indices can be calculated to
create user-oriented climate products and services.

In pursuing this main aim INDECIS secondary objectives are:

Improve the spatial and temporal availability of climate data, especially at the daily scale
and in connection with the European Climate Assessment and Dataset (ECA&D)

Create a quality controlled and homogenized version of the improved ECA&D dataset.
Define and compute a set of sectorial-relevant climate indices and compare them to sectorial
information.

Study the temporal evolution of those indices and their relation to atmospheric circulation
patterns.

Compare station-based and gridded based sets of indices.

Engage user, define and communicate climate products and services based on the indices
previously defined.
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B.2 WORK PERFORMED AND RESULTS ACHIEVED IN THE PERIOD CONCERNED

INDECIS' results through the second half of the project are detailed below, organized by
Work Package and Deliverable. Appendix 1 shows a summary and identifies contributors.
Work Package 2. Identification and Catalogue of Climate Data Sets and Portal

Coordinadte by KNMI, D2.3, INDECIS Raw-Data Set and IDISP Portal, is a part of INDECIS

web portal (INDECIS Data Portal) where all data sets rescued and built can be found. D2.4

is the first update of INDECIS Raw Data-set and IDISP portal
Work Package 3. Data Quality and Homogeneity.

D3.3. Coordinated by AEMET-Illes Balears has released the INDECIS Homogeneization

suite. Deliverable is split into three documents: D3.3A report summarizes the procedures

followed to homogenize the ECA&D daily series needed for the INDECIS; D3.3B is the user
manual of the software suite; finally, D3.3C is the link to download the software suite. D3.4
describes the new software for Quality Control INQC and its application conditions and
results. D3.5 led by URV is a report on the uncertainty of the homogenization process with
the aim to remove the detected inhomogeneities and approximate data to the real climate
signal.

Work Package 4. Indices Catalogue, Definition and Implementation.

D4.3's 20% missing indices has been calculated and published on webportal

(http://www.indecis.eu/indices.php). D4.4, led by ARAID Foundation and CSIC-IPE,

describes the latest analysis of the climate indices calculated in the frame of INDECIS

European project. Also, ECTACI (European Climatology and Trend Atlas of Climate Indices)

has been published in the frame of D4.4 (https://ectaci.csic.es/). D4.5 compares INDECIS

indices with sectorial data (e.g.: streamflow in Spain, water, geo-hydrological and wildfire
sectors in Calabria, groundwater in France).
Work Package 5. Indices Time Evolution and relations with the atmosphere.

D5.2 and D5.3 are complete. D5.2, led by University of Reading (Uread) analyses the

INDECIS-ISD climatology, temporal evolution, and assess their Time of Emergence (ToE)

D5.3, also led by UREAD, reports the relation between INDECIS-QCHDS and INDECIS-ISD

and atmospheric patterns from data developed in WP2 and WP3 and indices developed in

WP4 to quantify the variability and change over the time with focus on agriculture-related

metrics.

Work Package 6. Evaluation of gridded datasets, reanalyses and model output.

D6.2, D6.3 and D6.4, coordinated by MeteoRo, has been developed in the second half of the

project. D.6.2 reports dataset intercomparisons with regard to selected ECV's and INDECIS-

ISD. D6.2 has five annexes with diverse intercomparisons (Eg: ERA5 and MERRA compared

with in-situ wind data). D6.3 reports the reliability and uncertainties associated with seasonal

forecasts of selected indices (Eg: seasonal forecast for the wine sector). D6.5 reports the
assessment of sectorial climate change impact based on INDECIS-ISD in climate change
scenarios (Eg: representative of extremes for precipitation and temperature).

Work Package 7. Generation and Communication of Climate Services.

D7.2 was in process in the mid-term report. Already finalized, it summarizes the different

workshops held with local tourism agents. In addition, it defines the methodological process

for the development of co-created climate services. D7.3, coordinated by AEMET, contains
the description of the software developed in the project and its integration into

IDSIP. INDECIS has created or supports different software suites for climate data quality

control and homogenisation, indices calculation, datasets inter-comparison and climate

indices visualization. Deliverable D7.4 describes a set of basic semi-automated Climate

Services and the protocol for requesting advanced climate services in the future. D7.4 has
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two annexes: A) Demand for climate services in the French agricultural sector and B) R-Code
for calculate INDECIS Sun and Beach Index.

Difficulties encountered and solutions

Maximum 10 to 20 lines. Any difficulties encountered and the solutions envisaged.
- In case of delay, please write four lines for justifying the delay and estimate risks for the project.
- Ifyou have encountered difficulties or made changes, please write four lines of explanation

INDECIS has had the most normal development possible at the time of the pandemic suffered in
part of its second half. Issues related to the pandemic have been resolved through online
meetings, teleworking and other general solutions. The pandemic has caused delays in the
submission of some deliverables; which have been solved without further problem. Also, the
pandemic has forced to adjourn events (as workshops with tourism stakeholders).

Table 1. Issues encountered and solutions adopted to ensure the completion of INDECIS' objetives (as
30/06/2021)

Problem Solution

Pandemia Meetings held on line. Schedules revised,
which has not been too harmful thanks to the
project extensions.

Source: INDECIS Consortium.
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C IMPACT SINCE BEGINNING

These section groups elements accrued since the beginning of the project, which will be monitored as its proceeds
and taken up in the final project review.

C.1 INDICATORS

- Work force statistics

Work force statistics provided by INDECIS Consortium are summarised in Table 2, as
percentages of person/month for each partner by work package and totals during the second half
of the project and regular and covid-extension (16/03/2019 — 30/06/2021). In general terms, the
efforts dedicated by each partner for each work package is well related with the work
force committed in the Consortium Agreement.. Partners with most of workforce
committed in WP5, WP6 and WP7 present higher loads as the other partners, who
focused their works on the first half of the project.

In general terms, INDECIS has managing well the efforts dedicated to the project and
will make the necessary arrangements, to finalize all the tasks.

Table 2.- Work Force Statistics expressed in percentage of expected persons/months for second part of the
project. (as 30/06/2021)

Partner WP1 | WP2 | WP3 | WP4 | WP5 | WP6 | WP7 |TOTAL (2n)
URV 53 29 74 6 = = 69 51
UREAD - 25 - - 75 - : 78
FMI 113 83 49 82
BRGMI - - - 2 - 22 4 132
CNR - 32 64 19 114 = 170 51
UCH-IHC - - - 9 75 68 : 59
SMHI - 54 200 2 = - - 58
Met Eireann - 12 22 2 : 87 - 41
AEMET - 73 25 50 - = 78 63
BSC - - 2 7 22 46 - 50
Fciencias.ID - - 38 - 81 113 76
CVGZ-GCRI| - - 25 58 - 80 : 50
KNMI - 50 80 2 - - - 65
RMI - - - - 67 - - 67
METEORO - 0 - 0 0 75 0 50
CSIC - 2 - 55 - - 8 58

Source: INDECIS Consortium

Table 3 summarizes the work force expected in Consortium Agreement (CA) and the reported work
by the partners. Due to the two extensions of the project, reported person/months are higher in some
partners. Six partners reported more total efforts than expected in CA. In general terms, more efforts
than planned at the beginning of the project have been dedicated.
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Table 3.- Work Force Statistics expressed in percentage of expected persons/months for all project (as
30/06/2021)

Partner |[Expected in CA (PM) | Reported (PM) | TOTAL (%)
URV 252 268 106
UREAD 53 58 109
FMI 102 102.8 100.8
BRGMI 26 37 142
CNR 78 89 114
UCH-IHC 148 149.4 101
SMHI 7 11 158
Met Eireann 12 11.5 96
AEMET 90 90 100
BSC 154 154 100
Fciencias.ID 40 46 115
CVGZ-GCRI 54 54 100
KNMI 12 12 100
RMI 10 10 100
METEORO 23 23 100
CSIC 115 115 100
Total 1176 1230.7 104

Source: INDECIS Consortium
- Gender Aspects

Indecis takes in consideration gender balance. Two Work Package Leaders and members of the
Executive Board (WP6 and WP7) are female as well as two members of the External Experts
Advisory Board. Until April 2020 one female and one male did project management. In-cash
contracts attached to INDECIS have followed a strict equal-opportunity policy. Table 4 provides
a detailed information about gender aspects in contracts attached directly to INDECIS for each
partner. In total 42 researchers have been contracted directly by INDECIS, which 57.4% are male
and 42.6 female.

INDECIS activities, such as stakeholders/users' workshops, demand the participation in the
discussions of a gender balanced group.
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Table 4. Gender Balance in INDECIS' In-Cash contracts (as of 30/06/2021)

Partner Male Female
URV 3 1
UREAD 1 0
FMI 0 0
BRGMI 1 0
CNR 1 0
UCH-IHC 0 0
SMHI 4 1
Met Eireann 0 2
AEMET 2 3
BSC 5 3
Fciencias.ID 2 1
CVGZ-GCRI 0 0
KNMI 1 0
RMI 1 0
METEORO 3 5
CSIC 1 1
Total 24 18

Source: INDECIS Consortium

Engaging with Civil society and policy makers

INDECIS is a “from data to service” project. Its ultimate goal is to provide service and, thus,
produce a positive impact over society. Although the first half of the project is intensive on the
data management part (WPs 2, 3, 4) societal engagement is considered since early stages. This
includes the nomination of an External Experts Advisory Board (EEAB), integrated by six
members from different fields of expertise and geographical origins. Their role includes to assist
INDECIS in reaching out and engaging with society. The list of the EEAB members are:

e Phillip D. Jones; Chair of the EEAB and retired Director of Climatic Research Unit (CRU),
UEA, UK.

e Carlo Buontempo; Manager of the Sectorial Information System of Copernicus Climate
Change Service at ECMWEF, UK.

e Jose Luis Camacho; Scientific Officer/Agricultural Meteorology at World Meteorological
Organization (WMO).

e Tanja Cegnar; Meteorological and Hydrological Office, Slovenian Environmental Agency,
Slovenia.

e Florence Habbets; Director of Hydrology Research at French National Centre for Scientific
Research (CNRS), France.

e Salvador Samitier; Director of Climate Change Office in Catalonia, Spain.

INDECIS engagement with civil society splits into three different axis

1.

Digital Image: INDECIS' digital image is built using a traditional website and the social
media and traditional media. Figure 1 shows INDECIS' website (www.indecis.eu). Web
portal provides access to the project description and objectives, consortium, deliverables,
products and services, host the access to data and services, and summarizes project's

contributions at scientific level (conferences and papers) and society level (news on media).
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The digital presence completes with accounts in Facebook
(https://www.facebook.com/Indecisproject/), ~with 106  followers, and  Twitter
(@Indecisproject), with 241 followers, which disseminates INDECIS' news and achievements.

Work Packages Data portal Indices Homogenisation Benchmark Software INDECIS' Contributions Contact Us

Wy i

®

E)

& 16 Partners Tweets oy @noecisproect

... INDECIS
@INDECISproject
New paper by INDECIS!

URV-C
IRPI, FC

UREAD

GCRI, FMI, BRGM/D3

Ro, AEMET, BSC, IPE.

Understanding what we do and how well we
doit

R S S "Uncertainty evaluation of Climatol's
Indecis Calenda adjustment aigorithm appiied to daily air

temperature time series”
doi.0r/10.1002/joc. 68 I

Embeg View on Twitter

!d (CzechGlobe @FMI @hrgm“"

O e, @Dt A=27er ASTERISC
Figure 1. Front page of INDECIS' website. Source: INDECIS Project (www.indecis.eu)

Figure 2 shows the visitors to the INDECIS' website and its contents. Statistics for web site were
provided in March of 2019, just when mid-term report was finalised. Since then, statistics of the web
page are increasing achieving more than 7.000 pages visited on 2020. Most contents visited are the
work done by the work packages, indices web page and data and software sites. Visitors are basically
from European countries (EU and Non-EU states), but, also, web page has visitors from around the
world. Clearly, visitors from Africa spend more time and perform more actions during their visits
to the website.

9/35



Website statistics by main items
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Figure 2. Main statistics of the INDECIS' web site.
Source: INDECIS' web site.

Also, INDECIS' researchers have appear in local and national traditional media for disseminate
the results (see list of appears in: www.indecis.eu/news.php)

2. Face to face contact: the project dedicated through its second half efforts to engage with
different agents with potential interest in INDECIS' products, services and results. These
contacts helped to define some INDECIS' products (e.g.: tourism co-constructed indices
developed in the frame of WP7 and it's co-creation methodology). Unfortunately, pandemic
started in March 2020 stopped the majority of face to face contacts. Table 5 includes face to
face actions and contacts developed in the second half of the project.
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Table 5.- INDECIS face to face actions in the second half of the project (as 30/ 06/2021)

Achieved/Expected Imapcts

Organizations
(Individual
Action Sector Atendees) Contacted Stakeholders
-Observatorio Pirenaico de Cambio
Climatico.
-Counties (Jacetania, Sobrarb)
Workshop: -Aragon Governement-Tourism
Jaca (Spain). Tourism . DePartament .

] : -Tourism Bussines Association and
Organized by (Snow, Winter, 11 (26) Private Corporations:
C3/URV. 25th  and Mountain : =

April 2019 - INTURPYR Project: Tourism
pri . . . s
innovation for a unique destination in
the heart of the Pyrenees
-Tourism Offices (Hecho, Jaca) of
Hecho
- Municipalities (Calvia, Alcudia)
- Baelaric Islands Governement
departments (Tourism, Energy,
Climate Change)
Workshop: - The Meteorological Agency State of
Calvia, Balearic Islands (AEMET — Mallorca)
Balearic X - Interdisciplinary Laboratory on
Islands Tourism (Sun Climate CharFl)ge (L}IINCC /Uni?:ersity
. and Beach, 10 (24) .

(Spain). Outdoor) of Balearic Islands)
Organized by - Mallorca Preservation Fund (MAPF)
C3/URV. 9th - Ecologist Association “Amics de la

May 2019 Terra de Mallorca”
- Hotels & Clubs-Resort (i.e. Melia
Clavia Beach)
- FEHM: Hotels Federation of
Mallorca
- Tourism departments of Cosenza
Province and Calabria Region
Workshop: - Sila National Park Authority
Sila National Tourism - Municipality of Spezzano della Sila
Park (Calabria, Eiow - Hotels & Restaurants (i.e. Park Hotel
Italy). ] 10 (36) 108, Hotel Biafora)
. Mountain and RN
Organizaed by Water) - Outdoor activties (i.e. Adventure
CNR-IRPL Parks, Il Chiosco Rosso-Bike Point,
30th May 2019 Centro Sportivo Lorica)
- Nature tourism guides (i.e. Fondo
Ambientale Italiano)
- Generalitat de Catalunya: Tourism
Department
-Generalitat de Catalunya (Tourism)
Workshop: - Catalan Office of Climate Change
Barcelona - Universities (Barcelona, Girona,
(City and Tourism Tarragona)
Coastal Area). (Beach, Urban 16 (25) - Municipality of Barcelona: (Various
Organizaed by  and MICE) departments
C3/URV. 27th - Coastal Municipalities (Calella,
June 2019 Sitges)

Tourism Agencies (Maresme)
-Private Sector (e.g: Wineries,
Consultancy)

The workshops allowed to understand
especially which are adverse and favourable
climate conditions for key products in
exemplary destinations of the Mediterranean
arc, one of the areas of highest tourist intensity
or in other words economic dependency on the
tourist sector. It is well known that climate
change will affect this region’s tourist future
considerably, however in this research task we
wanted to bring more specific situations and
the diversity of responses at the very local scale.
We also looked at the ways and channels
through which climate sensibility is
‘transferred’ from the ultimate customers to
decision making at business and destination
scale, and at the range of adaptive actions
which could inform adaptation strategies. we
have seen cases where excess specialisation in
one product or ‘season” would require a strong
commitment to transition to more resilient
models. These efforts though
should be sustained by all stakeholders and use
long-term investments and planning efforts by
governments at multiple scales. Neither
adaptation strategies not eventually mitigation
policies
should be left to chance or to the initiative of
power-scarce individual operators, but big
decisions require good, reliable, personalised
information; our project, if anything, has
brought
up the urgency of this need. In this line, the co-
construction of climate information with
stakeholders becomes an important step to flesh
out Climate Services which are useful and
valuable. Workshops allow researchers to
calculate tourism co-constructed indices with
local agents (for snow tourism, beach tourism
index), other are planned (eg:climbing index)
and, also, co-construction methodology with
local agents based in consensual mental maps
built in focus groups was developed. Also,
various contibutions to conferences are done
(eg: INDECIS Snow Tourim Index at EGU 2020
https://meetingorganizer.copernicus.org/EGU20
20/EGU2020-8926.html?pdf ) and different
papers are expected.
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Workshop:
FINAL
INDECIS
Workshop
(Scheduled for .. . . The aim proposed for the final workshop was
. . - All de participants in previous . .
April 2020, Tourism - workshops had been invited define the economic value of the developed
and June 2020 p indices on the frame of INDECIS Project
in Vila-Seca
(Spain).
Adjourned by
COVID
Chambre d’agriculture du Gard The interviews and the survey led to the
Chambre d’agriculture des Bouches identification of lessons for future climate
du Rhone services on Agriculture:
Chambre d’agriculture du Loir et o Resolution of data should be reduced to be
Cher relevant for users.
Chambre d’agriculture de Haute e Instead of producing large number of
.. Sabne indices, efforts should be put on
Individual .. . . .
interviews Chambre d’agriculture de Haute strengthening the capacity of potential
with ke Marne users to generate climate indices relevant
. y Chambre Régionale d”Agriculture for their sector/locality (indices calculator,
informants o ] o
nd surv d’Occitanie simple training modules...)
a'th L ei, Agriculture 13 (14) Assemblée permanente des Chambres | o Need to partner directly in the project with
“}’: N 1;1;&1 'i d’agriculture intermediate institutions to link with users
¢ an'ge . @ Chambre Régional d’Agriculture and blend in expertise with climate services
points in , A . -
d’Auvergne Rhone Alpes e Large need for the integration of
Chambers of . . .
. Chambre d’agriculture de Dordogne groundwater climate services for farmers,
Agriculture . . a g P ] ]
Arvalis Institut du végétal providing information on long-term climate
Institut National de Recherche pour change impact on underground water and
l'agriculture, 1'alimentation et seasonal forecasts (MetéEau Nappes project
I'environnement like)
Bz Collecte (grain collector)
Soufflet (Grain collector)

Source: INDECIS Consortium

3. Service Delivery: INDECIS provides society access to its products (indices, data, software,
knowledge by publication) through INDECIS' Web Portal as reported in other sections of
this same document.

- Training and capacity building

INDECIS' proposal does not specifically include training and capacity building activities,
although they are implicit in the contacts with stakeholders and policy makers. In fact, the
workshops conducted developed capacities to use climate services. Software Suites developed in
the frame of the project INDECIS QC Software [INQC]; QC Software for tall towers wind data
[QCSSATT]; MetQC; Software suite for Indices Calculations; Software suite of Atmospheric
Circulation Indices Calculation; INDECIS software for intercomparison of reanalysis datasets
[INTERDECIS]; fireDanger; and, INDECIS suite for Homogenization of ECA&D Daily Series) had
a training session on 2" General Assembly. Also, these specific actions are complemented by
training-on-the job, which routinely transfers the skills and knowledge of the INDECIS' senior
scientists to the in-cash personnel and practitioners. Finally, in the frame of URV's Bachelor
Degree on Geography, Territorial Analysis and Sustainability, a course has been performed based
on the co-creation of climate services with local agents on four activities (wine, fire, climbing and
cycling). The INDECIS website and data were further exploited in MSc teaching through
dissertation supervision at UREAD.

Sharing of research infrastructure
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INDECIS, in consonance with the integration philosophy of the ERA4CS projects, is keen to
integrate research infrastructure from the partners and other European institutions and build
upon previous results. In particular, INDECIS is benefiting from the research infrastructures used
to produce:
- ECA&D and E-OBS data (KNMI and contributing partners) are both used by INDECIS.
While ECA&D fulfills the role as the backbone of the Climate Data node of the WMO
Regional Climate Centre for RA VI (Europe and the Middle East), INDECIS contributes to
this dataset by providing additional data (both rescued and modern data) and enhances the
quality of the data by applying an advanced Quality Control and homogenization to this
dataset. INDECIS uses this dataset as the core dataset for indices computation. Furthermore,
the E-OBS is funded by the Copernicus Climate Change Service and INDECIS contributes to
this project by gathering series for daily global radiation data which are developed in a new
E-OBS member. Similarly, the INDECIS funded QC'ed and homogenized station data in
ECA&D are used to calculate future versions of the E-OBS (from v20.0e or v21.0e onward).
These E-OBS data are made available to the C3S Copernicus Data Store. Likewise, the E-OBS
is used by INDECIS for calculation of the INDECIS indices.
- ERA-5 Reanalysis (ECMWF) as input data for indices computation.
- UERRA Regional Reanalysis for Europe (Copernicus Climate Data Store) as dataset to be
compared in WP6.
- Seasonal Predictions from C3S (Met Office, Météo-France, ECMWE, DWD and the Euro-
Mediterranean Centre on Climate Change) to be used in WP6.
- INDECIS Indices Monitoring Tool (IPE/CSIC) designed specifically under INDECIS to
visualize climate indices computed in WP4 and also used in WP?7.
- In order to undertake the different tasks dealing with seasonal forecast data in the
framework of INDECIS, UC and IHC will exploit the Santander Meteorology Group User
Data Gateway (UDG) as the main entry point providing harmonized data access to state-of-
the-art seasonal forecast datasets. Furthermore, data post-processing and analysis, including
downscaling/bias correction and visualization will be done using the climate4R suite of tools,
seamlessly integrated with the UDG infrastructure. This provides a comprehensive
framework for end-to-end applications of seasonal predictions in the context of impact
studies, including those involving sector-specific indices.
- Research knowledge and infrastructure (Science and Technology Park for Tourism and
Leisure of Catalonia) shared with INDECIS to generate valuable innovation and knowledge
related to tourism sector in WP7.

- Project’s impact on society: participation in other arenas; elaboration of policy briefs

INDECIS is active publishing results and contributing to scientific knowledge in climate services.
Logically, the second half of the project has seen more contributions than the first half marked in
the mid-term report. In total, the project is acknowledged in 102 contributions (65 on second half
period): 58 peer-reviewed publications (47on the second half period) and 44 contributions to
international and national workshops and conferences (19 on the second period).

Some tourism agents of Catalonia (eg: Science and Technology Park for Tourism and Leisure of
Catalonia [now, Eurecat Tourism Innovation Department] or Tourism department of Tarragona
Province) showed they interest, as user, of INDECIS climate services and climate products. Also,
COPATE (Ambiental Policies Consortium for Ebro Lands) has shown interest for develop
tourism workshops and apply co-creation methodology for develop specific tourism (and other
sectorial) indices for Ebro's Biosphere Reserve.

Regarding Calabria (southern Italy) some tourism agents of the Sila National Park territory, who
participated at the 2019 INDECIS workshop, showed interest, as user, of INDECIS climate
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services and climate products. Moreover, SORICAL (a semi-public Company that manages water
resources in Calabria), that provided INDECIS data referred to spring discharges in Calabria, has
shown interest in sharing Project results and products and to be available to provide and update
turther hydrological and management data of water resources. Also the Protection Civil Unity of
the Regione Calabria had sent a letter of interest (attached at the Project) in sharing Project results
and products.

INDECIS URV Team participates in European Scientific Night, held in Tarragona. INDECIS was
represented by LPI and presented a summarized poster. Also, URV Team has applied for two
local projects: first, to develop training materials for high schools and for administrations based
on WP7's D7.2 co-creation methodology; and, second, to calculate the past-present-future impact
of windpower also based on co-creation methodology with stakeholders and other research
groups.

C.2 OTHER VALORISATION ACTIVITIES

The valorisation factors are spin-offs other than publications. The following shall be detailed in particular:
unexpected results

The work carried out in WP2 of the INDECIS project has made it possible to work on the
European drought of 1921. Thus, the European drought of 1921 is evaluated in terms of its
impacts on society and in terms of its physical characteristics. The development of the impacts of
the drought is classified by a systematic study of newspaper reports from five European countries
covering the area from England to the Czech Republic and other parts of Europe. This is coupled
with a reconstruction of daily temperature and precipitation based on (rescued) meteorological
measurements to quantify the severity and extent of the drought, and reanalysis data are used to
identify its drivers. Part of the meteorological observations required for this study were sourced
from the INDECIS rescued data and the study is done by using a team of authors from WP2 and
WP5. This combines the various approaches within the project in one study. In this sense, This
analysis shows that the first impacts of the drought began to appear in early spring and lasted
well into the fall and winter, affecting water supply and agriculture and livestock.

The paper is open for discussion at: https://cp.copernicus.org/preprints/cp-2021-41/.

- national and international patents, licences, and other elements of intellectual property resulting from the
project.

The generation of patents or licenses are not in accordance with the typology of this project. Thus,

this kind of elements of intellectual property has not been contemplated in the INDECIS proposal.

- software and any other prototype

The development, management and analysis of large climate datasets require the use of specific
software to make it possible. In mid-term document, we report five stand-alone software (INQC,
IQCSS for Tall Tower Data, INDECIS MetQC, Software Suite for Indices Calculation, and
INTERDECIS for comparisons of reanalysis datasets), now we can add five suites more

(http://www.indecis.eu/software.php) , described below:

- INDECIS Software Suite of Atmospheric Circulation Indices Calculation
(https://github.com/SantanderMetGroup/climate4R.indices): Designed by Santander
Metereology Group (UC-CSIC) is an open-source software, stand-alone and designed in R
with capabilities to compute standard large-scale circulation indices. This package is
integrated in the climate4R suite of climate analysis.
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- INDECIS Suite for Homogeneization of ECA&D Daily Series
(http://indecis.eu/docs/Benchmarks/homogenECAD.tgz): Designed by AEMET-Illes Balears
compiles the functions used for the homogenization of the Daily ECA&D Series.

- fireDanger (https://github.com/SantanderMetGroup/fireDanger): Designed by Santander
Meterology Group (UC-CSIC) is an R package for the calculation of fire danger indices,
including INDECIS set of forest fire indices: Fire Weather Index, Finnish Forest Fire Danger
Index, Keetch-Byram Drought Index, McArthur Forest Fire Danger Index, Modified
Nesterov Index.

- Cut-netCDF (http://indecis.eu/docs/Software/Cut netCDF.zip). Designed by AEMET-
Extremadura. The software consists of three R scripts that cut the netCDF files containing the
climate indices defined in WP4, from all over Europe, and from the entire time period into
smaller files for each of the European regions (NUTS) and for each of the indices, years and
accumulations that are chosen. Thus, the resulting files are easier to manage and user-
friendly due to their greater specificity and their smaller size. The package have been
developed by AEMET team and can be found here.

- INSBIN Calculator (INSBIN-C) R Code (http://indecis.eu/docs/Software). Designed by
C3/URV. This R package allows to download the data and calculate the INDECIS Sun and
Beach Index (INSBIN) for specific coordinates. From the workshops held with local agents
of sun and beach tourism, the variables and their values have been defined, allowing to
calculate the index

- standardization actions

ECA&D and E-OBS, to which INDECIS is contributing strongly, are de-facto standard datasets
to gain a high resolution observation-based pan-European view of climate variability and climate
change. This adds to having a uniform source for climate information.

The Centre for Climate Change (C3/URV), as coordinating institution of the project, has joined
the network of climate service provider in the Climate knowledge HUB (available at:
https://www.climate-knowledge-hub.org/) and attempts to be involved in future standardization
activities to transfer them to INDECIS.

- launching of product or service, new project, contract, etc.
Products derived from the INDECIS project are related to the creations of different datasets

Reported datasets mid-term report

In mid-term report were reported The INDECIS Core Climate Datasets, based on existing
ECA&D dataset (http://www.ecad.eu/dailydata/index.php) which contains series for the Essential
Climate Variables sourced directly from European National Meteorological Services from over
15.700 stations in Europe. Tall Towers Dataset (https://talltowers.bsc.es/) was reported as an unique
archive containing meteorological observations from instrumented tall towers measuring winds at
heights above 10 meters (311 potential sites were identified, and 222 were processed, [See Figure 3]).
INDECIS Benchmark Datasets (http://www.indecis.eu/benchmarking.php), based on KNMI's
Climate Regional Model, identifies the capabilities, strengths and weakness of the different quality
control and homogenization approaches as well as the associated uncertainties. Last dataset
reported at the  half of the project was INDECIS Indices  Datasets
(http://www.indecis.eu/indices.php). This dataset is a set of sectorial relevant climate indices
defined and inventoried to determine the response and sensitivity of the INDECIS targeting sectors

15/35



to the climate tendencies. The set is composed by 136 climate indices computed applying the
INDECIS Software Suite for Indices Calculation.

% Identified (311) @ Processed (222)

Figure 3. Distribution of Tall Towers and definition of processed towers on dataset
Source: Obtained from Work Package 2 and provided by BSC

New datasets reported at the end of the project.
Recovered station data

Recovered station data are available due to work in the frame of the INDECIS project
(http://www.indecis.eu/datarescued.php) .

Rescued dataset for Balkans and Central Europe has around 610K meteorological station-
based observations for the main climate variables (maximum and minimum temperature, rainfall,
sunshine duration and snow depth) along the 20th century at daily scale. Digitizing was carried out

by using a strict "key as you see" method, meaning that the digitizers type the values provided by
data images, rather than using any coding system. Digitizers carefully cross-checked the typed
values against original sources for the 10th, 20th and 30th day of each month to make sure that no
days were skipped or repeated during the digitizing process. Monthly totals and statistical
summaries were computed from transcribed data and were compared with monthly totals and
summaries provided by data sources to check accuracy as preliminary quality control. This dataset
is considered as raw data since any consistent quality control and homogenisation test was not
applied to identify potential errors and data biases.

In the frame of Work Package 2 of INDECIS datasets for other stations in other countries
were also rescued. Figure 4 shows two examples of these rescued datasets: on the left for Phoenix
Park in Dublin (data rescued from 1866 to 1959) and on the right for Carloforte in Sardinia (data
rescued from 1901 to 1947). Other datasets were rescued: for polish stations before 1920. These
datasets, (among others the release of UK's historical observations or Czech observations provided
by GCRI) have allowed reconstruction of a preliminary E-OBS for 1920 and 1921 (see Figure 5).
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Figure 4. Example of original datasets rescued by INDECIS project
Source: INDECIS Consortium provided by Met Eireann and CNR-IRPI

Figure 5.- Reconstruction of TX on July 28, 1921
Source: INDECIS Consortium provided by WP2

Quality controlled and Homogenized Station Datasets

INQC and Climatol Homogeneization software suites developed in the frame of INDECIS Project
had allowed to apply Quality Control and Homogenization to ECA&D daily series. INQC has
consolidate the Essential Climate Variables of ECA&D
(http://www.indecis.eu/ecad data series.php): Daily Cloud Cover (CC) , Daily mean wind speed
(FG), Daily Humidity (HU), Daily Mean Sea Level Pressure (PP), Daily Precipitation Amount (RR),
Daily Minimum Temperature (TN), Daily Sunshine Duration (SS), Daily Snow Depth (SD), Daily
Mean Temperature (TG), and Daily Maximum Temperature (TX). Variables with quality control and
homogenized by Climatol homogenization version are: Daily Cloud Cover (CC), Daily Mean Wind
Speed (FG), Daily Humidity (HU), Daily Mean Sea Level Pressure (PP), Daily Amount of
Precipitation (RR), Daily Sunshine Duration (SS), Daily Minimum Temperature (TN), and Daily
Maximun Temperature (TX). Homogenized dataset based on ECA&D daily data are available in:
http://www.indecis.eu/ecad data homog.php

- development of a new partnership
The development of INDECIS Project is in consonance and requirement of new alliances and
international work networks, such as the collaboration with Copernicus
(https://www.copernicus.eu/en), ECA&D (https://www.ecad.eu/), PANGAEA
(https://www.pangaea.de/) or PIRAGUA POCTEFA project (https://www.opcc-ctp.org/en/piragua).
In addition, INDECIS organized different workshops focused on coastal and mountain destinations.
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The workshops demonstrate that a participatory process for co-creation of climate services is crucial

for the adequacy and endorsement of them at the scale of destinations.

- creation of a platform available to a community

Climate products and services developed in INDECIS project (datasets, software, climate indices,
climate services and reports) are stored and available in the INDECIS portal: http://www.indecis.eu.
The Portal is conceived to give information and tools to direct users, to our partners and other
infrastructures which support and host INDECIS' products and to host or mirror other products.

INDECIS' Web Portal points to:

- Work Packages (Figure 6): WP's sections have the description, the objectives, the results and

the deliverables of each Work
(http://www.indecis.eu/workpackages.php).

Package

of the project

Work Packages

Objectives, deliverables, results, reports, tasks, milestones, description

Figure 6: Work Packages main site (left) and example of site for WP5 (right).

Source: INDECIS web portal (http:/www.indecis.eu)

- Data Portal: It allocates daily station-based data across Europe and quality controlled and
homogenized datasets, including also the rescued datasets. From INDECIS Data Portal
(http://www.indecis.eu/data.php) (Figure 7), European daily data are accessible through

ECA&D at https://www.ecad.eu/dailydata/predefinedseries.php.

INDECIS Data portal

Daily station data

Gridded data

3. Homogenized station data

4.Recovered station data

Rescued dataset (station locations)

2. Quality Controlled station data

Public ECA&D data quality controlled with INQC

Figure 7: INDECIS Data Portal where daily station data across Europe; quality controlled and

homogenized data; and, rescued data are available
Source: INDECIS Web Portal (http://www.indecis.eu)

- INDECIS Climate Index monitoring tool reported

in mid-term report

(http://www.indecis.eu/indices.php) has evolved onto European Climatology and Trend
Atlas of Climate Indices (ECTACI). ECTACI (Figure 8), developed by CSIC-IPE, is a
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fundamental key to understand climate change and its implications. These are available and
with wide spatial coverage, over a long period of time, with constant updates, and high
spatial resolution. ECTACI contains four statistical parameters (climatology, coefficient of
variation, slope and significant trend) from 125 standard climate indices for the whole
Europe at 0.25° grid intervals from 1979-2017 at various temporal scales (monthly, seasonal
and annual). In addition, ECTACI shows, for the first time, the general trends of a wide
variety of updated standard climate indices at seasonal and annual scale for the whole of
Europe, which could be a useful tool for climate analysis and its impact on different sectors
and socioeconomic activities. The dataset and ECTACI map viewer are available at:
https://ectaci.csic.es/
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Figure 8. Sample visualization of European Climatology and Trend Atlas of Climate Indices (ECTACI)
Source: European Climatology and Trend Atlas of Climate Indices (http://ectaci.csic..es)

- Software Suites: INDECIS web portal also has a section for download all software suites
(http://www.indecis.eu/software.php) developed in the frame of the project (Figure 9). Each
suite has a brief description of the package, link for download, and contact person. Suites
included in web portal are: INDECIS QC software (INQC, published as R packages in
CRAN), QC software for tall towers wind data (QCSS4TT), MetQC, INDECIS Software Suite
for Indices Calculation, INDECIS Software Suite of Atmospheric Circulation Indices
Calculation, INDECIS software for intercomparison of reanalysis datasets (INTERDECIS), R
Package for calculation of fire danger indices (fireDanger), and INDECIS Suite for
Homogenization of ECA&D Daily series, INSBIN-C for calculate Indecis Sun and Beach
Index, and CutnetCDF for cut the netCDF files containing the climate indices defined in WP4.
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INDECIS QC software (INQC), QC software for tall towers MetQC software, created by
created by C3/URV wind data (QCSS4TT), created GCRI
by BSC

INQC software link, designec by Center fr

INDECIS-QCSS4TT software link cesigned b

INDECIS Software Suite for INDECIS Software Suite of INDECIS software for
Indices Calculation, created by Atmospheric Circulation intercomparison of reanalysis
CsIc Indices Calculation, created by datasets (INTERDECIS),

UC-CsIC created by MetecRo

Software Suite of Atmospheric Circulation
Indices Calculation link designad by Saniz

Figure 9. Section of the Web Portal for software suites developed in the frame of INDECIS
Source: INDECIS web portal (http://www.indecis.eu/software.php)

Web mapping application for Climate Services Delivery: AEMET is developing a new platform
through a web mapping application (Figure 10). This platform, still in an initial stage, will be able to
store, show and download climate services developed during the project. It will be available at:
www.indecis.aemet.es/monitor.
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Figure 10. Web mapping application for climate services delivery. Sample based on spatial distribution of
dry days across Europe in 2017.
Source: Provided by AEMET

- company creation, spin-off companies, fund-raising
The initial INDECIS' proposal does not include company creation among its objectives and actions.

- Intemational cooperation

INDECIS also contributes to the Copernicus Climate Change Service contract
(C3S_311a_Lot4 which develops the E-OBS, by adding data (rescued data and modern data),
an alternative Quality Control and Homogenization. In addition, station records for global
radiation data are collected within INDECIS which are used in C3S_311a_Lot4 to produce a
new member of the E-OBS family. These E-OBS datasets are made available to the general
public through the Copernicus Climate Data Store. INDECIS is also collaborating with the
Project IMDROFLOOD (2014 JPI-Water Era-Net) (https://imdroflood.csic.es/), which
planned different actions to improve the mitigation of the impact of droughts and floods at
the catchment level for Europe and South Africa. INDECIS will cooperate with the
PIRAGUA POCTEFA project (https://www.opccctp.org/en/piragua). It focuses on the
evaluation and integrated management of the hydrological cycle in the Pyrenees, with the
main goal of improving the adaptation capacity to the consequences of climatic change.
PIRAGUA will support the already existing investments dedicated to adaptation to climate
change with respect to water resources. Also, from partners from INDECIS project start to
collaborate in Erasmus ++ Project a new project, 'Multilevel Local, Nation- and Regionwide
Education and Training in Climate Services, Climate Change Adaptation and Mitigation —
ClimEd', 619285-EPP-1-2020-1-FI-EPPKA2-CBHE-JP, 2020-2023) to develop specific training
materials in Climate Services for Ukraine (http://climed.network/).
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- others (international opening, etc.).
The initial INDECIS' proposal does not include patents and licensces among its objectives and
actions

In this table, give details of the national and international patents, licensces, and other valorisation factors resulting
from the project, the know-how, any other spin-offs from the project, any partnerships, etc.

Table 6

List of factors. Indicate the titles, years and comments

International patents obtained 1.

International patents pending

National patents obtained

National patents pending

transferred)
New collaborative projects

Scientific symposiums

Others (specify) Final workshop in tourism co-creation indices with local stakeholders

(adjourned by COVID in April and June of 2020)

2
1
2
1
2
1
2.
Operating licences (obtained / 1.
2
1
2
1
2
1
2
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D FINANCIAL STATUS

Give an indicative account of the grant budgets spent by the partners. Indicate how this complies with the
forecasts and explain any significant divergences.

Grant budgets spent provided by INDECIS Consortium is summarised in Table 7. It reports
percentages of total budgets spent for each partner, divided into in kind and in cash, for all the
project (from 14/09/2017 to 30/06/2021). Overall, the efforts dedicated by each partner for each
work package (shown in table 2) fits well with the expected budgets spent justified in the
Consortium Agreement. As occurred when describing work force statistics (in section C1), most
of the partners which their major efforts are basically allocated in WP5, WP6 and WP7 spent more
in this second half of the project.

Table 7.- Grant budget spent by the partners (expressed in percentages) for the reporting period. (as

30/06/2021)
Grant budgets ; In cash
Partner o (Totalgin %) In Kind (%) (%)
URV 58 26 74
UREAD 51 54 46
FMI 98 100 0
BRGMI 91 67 33
CNR 41 75 25
UCH-IHC 113 100 0
SMHI 77 88 74
Met Eireann 20 100 0
AEMET 59 23 56
BSC 50 70 30
Fciencias.ID 61 91 9
CVGZ-GCRI 52 70 30
KNMI 57 30 70
RMI 60 80 20
METEORO 47 76 77
CSIC 145 158 85

Source: INDECIS Consortium
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E. APPENDICES (IF NECESSARY)

APPENDIX 1. Status of Deliverables in INDECIS Project for each Work Package.

Appendix 1: Summary of deliverables for each Work Packages and Contributors (underlined deliverables
are linked to document)

WP | Deliverable Definition Status Contributors
D11 Kick-off Meeting Report v URV
WP1 D1.2 Dissemination and Exploitation Plan v URV
D1.3 Mid-Term Report v All Partners (coordinated by URV)
D1.4 End Project Report End Project All Partners (coordinated by URV)
D2.1 Inventory and Catalog of Climate Datasets v KNMI, MeteoRO, CNR, BSC
D2.2 Report on Data Rescue Missions v KNML, URY’ CNR, BSC, Met
Eireann
W2 D2.3 INDECIS Raw-Data Set and IDISP Portal \ KNMI, AEMET
Update of the INDECIS Raw Data-set, including rescued
D24 l
data
D3.1 INDECIS Quality Control Software and Manual v
A) INDECIS QC software v URV
B) QC software for tall towers wind data v BSC
C) MetQC software v CVG-GCRI
Report on Recommended Homogenization Techniques
D32 : v
based on Benchmarking Results
A) Background v URV, AEMET, SMHI, Met Eireann
WP3 B) Benchmarking results \/
C) Parallel series v
D3.3 Release of the INDECIS Homogenization Suite and Manual \/
A) Homogenization Suite v
- s v URV, AEMET
C) Homogenization Suite Software y
D3.4 Release of INDECIS-QCHDS (Station data and gridded versions) \/ URV, AEMET
D3.5 Report on the uncertainty of the homogenization process v URV, AEMET, CNR, CSIC/IPE
D4.1 Report on the Inventory and Catalog of Indices Datasets v CSIC/IPE, CNR, BSC
D42 Report on ilTldices of I.NDECIS-ISD, including definitions, and N CSIC/IPE, BRGM, CNR, BSC
accompanying sectorial data
WP4 D4.3 Release of the Software Suite for indices Calculation v CSIC/IPE
. . CSIC/IPE, AEMET, URV, KNMI,
D4.4 INDECIS-ISD released and integrated into the IDISP v UNIZAR, ARAID
D4.5 Report on comparison of the ISD with sectorial data v CSIC/IPE, CNR, BRGM, FMI
Inventory and Catalog of Indicators of circulation variability for
D51 comparison with the INDECIS-ISD \ UREAD, BSC
WP5 D5.2 Report on temporal evolution of the INDECIS-QCHDS and INDECIS-ISD v UREAD, RMI, UCAN/UC, CNR
5.3 Report on the relation between INDECIS-QCHDS and INDECIS-ISD and N UREAD, FCUL, UCAN/UC, BSC,
- atmospheric patterns CNR
~_Del Release of the datasets comparison software suite \/ MeteroRO
D62 E\c}g;:ré ;)él_It;; datasets inter-comparisons with regard to selected ECVs and N Qoo by W a0
A) European Reanulysis ERA5, UERRA MESCAN-SURFEX, COSMO_REA6 N MeteoRO
compared to station-based data
B) Met I—fire'ann Regional Reanalysis (MERA) compared to station data and other N Met Eireann
reanalysis datasets
Q) ERA5 and MERRA2 compared to in-situ wind data \ BSC
D) Report on the datasets inter-comparisons with regard to selected ECVs and N uc
WP6 INDECIS-ISD
E) Intercomparison of selected ECVs and indecis for the area of the Czech Republic \/ CVG-GCRI
D63 Report on the reliability and uncertainﬁe§ associated V\.Iith. the (hindcast- N ity MO
type) seasonal forecasts of selected sectorial INDECIS indices
A) Seasonal predictions of wind-power-derived indices: A case study in the North Sea \ BSC
B) Seasonal forecast for the wine sector — Douro Valleycase study \ BSC
0 Applications of seasonal for'ecas'ting for agriculture, winter tourism and N FMI
hydropower — a case study in Finland
D) Seasonal predictability of Fire Weather Index(INDECIS-ISD 128) components over N UC/IHC

Europe
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Report on the assessment of sectorial climate change impact based on

D6.4 MeteoRO, UC/IHC
= INDECIS-ISD in the context of climate change scenarios v ieo /
A) Clin?a%e cﬁunge projections for INDECIS-ISD indices representative of extremes for N UC/IHC
precipitation and temperature
B) Tem'pemture—basedbclimate in'dicutors relevant for agriculture sector in the context N MeteroRO
of climate changes in Romania
0 A French spatially distributed hydrological model as a demonstrator for a national N BRGM
groundwater management tool
D71 Docgment Communication Strategy for Delivering Effective Climate N URV
— Services
D7.2 Docu.ment Business Cases Study for the Delivery of Climate Services in the N URV, CNR
— Tourism Sector
WP7 D7.3 Release of the software suite and integration into IDSIP \/ AEMET
D74 Basic semi-automated Climate Services and protocol for requesting N
’ advanced climate services launched at IDISP
A) Demand for climate services in the French agricultural sector \/ BRGM
B) R-Code for INDECIS Sun and Beach Index \/ C3-URV

Source: INDECIS Consortium
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