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TWIN CITY
Zovoyn

To napadotéo D1.1 “Project Website” mapouaotalel pla cuvtoun meptypadn tng LotooeAidag tou
TwinCity kal Twv Baolkwv TNG AELTOUPYLWV KOl TEPLEXOUEVWY. Amoppéel and to WP1 — “Project
Coordination, Management & Dissemination”.

‘OAeg oL 5paoTNPLOTNTEG TTOU OXETI{OVTAL e TNV EMLKOLWVWVIA KoL TN §1a800n TwV OMOTEAECUATWY Kal
TwV gpyactwv tou €pyou “TwinCity”, yivovtal péow tou Sladiktiou amod €Sk LOTOoEALda ToU
avantuxnke kal ival adlepwpévn oTo £pyo. ITNV LOTOoEAISA aUTr CUUMEPAAUBAvVOVTOL OL OTOXOL
TOU €pYyou, Ol EVOTNTEG €pyaciag Tou, Ta amoteAéopata mou TipogkuPpav pall pe 6Aa ta dnuoola
€yypadad tou (mapadotéa, MAPOUCLATELC, EMLOTNUOVIKEG SNUOCLEUOELS K.ATL.), KaBWCE KaLtTAnpodopieg
YLlOL TOUG CUVTEAEOTEC TOU.

To mopov mMapadotéo avTIKATOMTPIleL TNV TPEXOUOO KOTAOTOON TNG LOTooeAibag Kol To
TIPOYPOULOTIOUEVO TIEPLEXOUEVO TIOU Ba avamtuyxBei katd tn Sidpkela tng €EEALENG Tou £pyou.
Tpormornolnoslg kot BeAtiwoelg Ba mpaypatomolnBolv Katd Tn SlApKElX TOU £pyou yla va
OVTLUETWTTLOTOUV EMIMAEOV OVAYKEG TTOU Ba evtomiotouyv apyotepa. H lotooeAida Ba cuvtnpeital Kal
Ba evnUEPWVETOL TAKTIKA KOTA TN SLdpkela TG Stapkelag {wng Tou €pyou KaBWE Kol HETA To MEPAC
TWV EPYNOLWV TOU, WOTE Va TIAPEXEL O OAOUC TouG evdladepoevous MANPodopleg OXETIKA HE T
QITOTEAECUATO TOU £PYOU KOl OTOLXELQ ETILKOWVWVIOC IE TOUG CUVTEAECTEC TOU.

Dissemination level: Public (PU) - fully open
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1 Ewaywyn

1.1 IKkomog tou napadotEou

To napadotéo 1.1 tou TwinCity pe titAo "Project Website", mapouoidlel tnv mpwtn €kdoon tng
lotooeAibag Tou €pyou TOU QvamTUXONKE HE OKOMO va PEATIWOEL TNV OpPOTOTNTA KAl TNV
TPOOBOCLUOTNTA TWV OMOTEAECUATWY TOU £PYOU KOl VO TPOWBONOEL YEVIKA TNV EKUETAANEUON TWV
EUPNUATWYV ToU oTouC evladepoevouc Gopeig.

H wotooeAiba tou €pyou SnuloupynBnke yla va emitpéPel oto €pyo TwinCity va EMKOLVWVOEL TOUG
OTOXOUG TOU, TO BACLKA OTOLXELO KOl XOPOAKTNPLOTIKA TOU, KABWE Kal Ta AMOTEAECUATA TOU, OTOUG
etaipoug tou TwinCity kaBwg KaL oto €upUTEPO KOWO. Me TO TPOTO aUTO oL evlladepopevol Ba
TIOPOUEVOUV EVNUEPWHEVOL YL TO GUVOAO TWV £pyaciwV ou adopolv to TwinCity katd tn Sldpkela
OAAG Kal PETA TN AREN TOU TPOYPAULLOTOG.

1.2 ITOXEUOUEVO KOLVO

To OTOXEVOUEVO KOLVO TOU TapOVTOC eyypaddou eival ot etaipol Ttou TwinCity Kal To eUpUTEPO KOLVO.
Auti n avadopd apouatdlel OAa ta epyaleia mou Ba xpnotponowinBoulv yia tn SteukdAuvon Kal thv
mapakoAoUBOnon Twv MPooTIaBeLWY TOU €pYOU KAl YL TNV EVALCONTOMOINGON OXETIKA LIE TA EUPHUOTA
TOU KOl TLG KOUWVOTORLEG TOU, PETALY TwV evlladepoévwV GoPEWV KaL TWV TEALKWY XPNOTWV.

Dissemination level: Public (PU) - fully open
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2 lotooeAida TwinCity

2.1 Ovopa topéa

To URL mou emA€xOnkKe yla tnv LotooeAida Tou mpoypAaupatog eival to: “twincity.ntua.gr”. To URL Ba
epdaviletal os kaBe onpeio emikowvwviog Kal 51a600N¢ TOU MPOYPAUATOC WG TO BACIKO oToLXelo TNG
SlabIKTUOKAG TOu Tapouciag. H totooehida umopel eUkoAa va Ppebel amd yvwoTteEG UNXOAVEC
avalAtnong wote va Unopel o kabévag va tnv emiokedOel.

2.2 ®ofevia LotooeAidag KaL ocuvtpnon.

H otooeAiba Ba dpuhofeveital em’ aodploto amd 1o KEvipo Silktvou tou EBvikou MetooBiou
MoAuteyveiou (EMMN) mou Ba ¢povrticel va mapopével to site Sdabéowo kal mpooBaciuo. e
nepimtwon Ttexvikol mpoPANUatog ot evlladepopevol KoAoUvTal va EMIKOWWVACOUV UE TNV
umevBuvn enti tou B€patog kupia Ewprivn BoupAdkou (evourlakou@mail.ntua.gr) wote va emiAngBel
Tou {NTAUOTOG.

2.3 Ivotnpa Slaxeiplong MEPLEXOUEVWV LOTOOEALSOG

O o16)0¢ NG LotooeAidag tou €pyou TwinCity elval va tapéxel YeVIKEG TANPOOPILEG KAl VEQ OXETLKA
HE TO €pyo, evw Ba Asttoupynosl emiong w¢ amoBeTAplo ylo Ta SNUOCLO AMOTEAEGUOTA TOU,
XPNOLUOTIOWVTAG MLl TAATPOpUa Snupocieuong otov LOoTd avolktol kwdka. Mpog¢ auth tnv
KatevBuvon, eTAEEQE CUVELSNTA Vo TO OXESLACOULE UE TN XPHON ovoLXTWV TeXvoloylwyv CSS kat PHP,
ol omoigg eival ot SnuodAECTEPEG yLa TNV avamntuén Zuotnuatwy Atoxeipiong Meplexouévou (CMS).

H dounl autn emiAéxBnke emeldny avaBabuiletar Stoapkwg amd to Kévipo Awktvou EMIM kot
umootnpiletal and peydAn Kowotnta, mapexovtag £tol emumA£ov Staodalion yia TNy acdaisia Kol
TN Aewtoupyla tng LotooeAidag. EmmAgoy, eMITPENEL TN XPron Sladopwv MPOcBEeTwWY Kal AELTOUPYLWY,
OMw¢ n eUKOAN MOAUXPNOTIKN Snuocisuon, n anpookontn SlaclvEeon UE MEPLEXOUEVO OTA PECO
KOLVWVLKNG SIKTUWONG aro MOAAATIAEG TINYEG, N EUKOAN ene€epyaoia Tng ELGOSOU TOU XproTn Kal OAou
TOU TIEPLEXOUEVOU TNG LoTooeASag.

2.4 AocddaAsia

Mo TNV LoTooeAida Tou TpoypAUHATOS £XEL XpnoLpomoLnBei to mpwtdkoAAo HTTP. To HTTP sival to
TPWTOKOAAO LECW TOU omoilou amootéAAovtal SeSopéva LETAEY TOU TTPOYPAUATOC TIEPLYNONG TOU
XPNoTn Kal tng Lotooehidag otnv omoia sival cuvdedepévog o xpnotng. Aev amattsitat to HTTPS
KaBotL n wotooeAiba Sev mepapfavel tn culhoyn OTOELWV amo To Xprnotn (my. ovoua Kol
oUVONUATLKO N TIPOCWTILKA CToLKEla), omdTe elval € oplopol aodpalic.

Dissemination level: Public (PU) - fully open
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3

Napovuciaon tng totooeAidoag tov TwinCity

H wotooeliba SiapBpwvetal e TETOLO TPOTO WOTE oL evlladepOUeVOL va €xouv tpooBacn os éva
oUVOoAOo TIANpodopLWY PEGW CUVSETUWY TIpOcBaong o SladopeTkEG oeAIBEG IOV TTAPATIEUTTOUV OF
evoTNTEC He SLadopeTIKA oTolXela TOU €pyou. To XPWHATIKO HoTiBo akoAouBel To BACIKO XpWHOTIKO
potifo tou Aoyotumou tou TwinCity kal aMwv otolxeiwv d1adoong tou ouvoAlkoU €pyou. Itnv
Kopudn kaBe oeAidag umapxel To Aoyotumo tou TwinCity katl tou EAIAEK. 2tn mapovoa £kdoaon g
LotooeAibag mepthapBavovtal oL TapoKATw CeALSEC:

3.1

Home

WPs
Partners
Deliverables
Workshop
Contacts

Home page

ZTnv apxtkn oeAida mapouotaletal o TITAoG ToU POYPAUUATOC KABWG Kat pio ouvtoun mepiAnydn yla
N Bepatikn Tou, evw gival Stakpttd ta Aoyotuna tou TwinCity kat EAIAEK. O xpriotng pumopet eUkoAa
va epnynBel ota meplexopeva tng LOTOOEAISOG LECW TNG YPALMNAG CUVEECWY OTO TTAVW HEPOG TNG
apXLKNG oeAibag os éva apKeTd amAo otn Xprion meplBailov.

TWIN CITY © HERL

Home WPs »  Partners Deliverables v  Workshop Contact

Climate-Aware Risk and Resilience Assessment of Urban Areas under

Multiple Environmental Stressors via Multi-Tiered Digital City

Twinning

What is the impact of a prolenged pandemic shutdown on an urban community? How much and how long would it cost to rebuild a
town after a severe storm or a strong earthquake? What would the impact of climate change be on an Aegean island fifty years
from today? How could one best mitigate such risks by leveraging policies and financial tools? The National Technical University of
Athens in co-operation with the Finnish Meteorological Institute, Resilience Guard Gmbh, RED Risk Spa and researchers from the
University of Notre Dame, Texas Tech, EPFL and AUTH are proposing the creation of the TwinCity platform to answer exactly these
questions. TwinCity aims fo leverage existing tools and services (e.g., climate models, modelling of extreme events and their
impacts, EU services, etc.), and develop novel technologies (Layered-Block Medels, City Digital Twins) to deliver an integrated
socioeconomic resilience assessment platform, addressing multi-hazard risk understanding, better preparedness, faster, adapted
and efficient response, and sustainable reconstruction of urban areas. Taking advantage of the unique opportunity offered by the
COVID-19 quarantine to calibrate for the effect of business shutdown and recovery, TwinCity offers a robust digital twin of an urban
area that accounts for local socioeconomic and business ecosystems to run end-to-end simulations of multiple “what-if" disruption
scenarios. The final goal is to offer an open-source basis upon which performance, risk and resilience can be assessed by stake-
holders, to be tested with a large-scale pilot study of an island Greek town subject to earthquake and weather/climate hazards.

Climate-Aware Risk and Resilience Assessment of Urban Areas under Multiple Environmental Stressors via Multi-Tiered Digital City Twinning

February 2022 - July 2025
IxAua 1: Kevtpikn totooehiba
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3.2 WPs dropdown

TomoBetwvtag To KEpoopa oto ocuvdeouo WPs éva avaduthoUpevo pevol epdaviletal Pe OAEG TIG
evotnteg epyaociag (Work-Packages) tou TwinCity. EiAéyovtog pia amod Tig eMAOYEG AUTEC O XPHOTNG
prnopel mepinynBel ota meplexopeva tng kabe evotntoag StaBalovrag yLo TO AVIIKELHEVO TNG KaBwC Kall
pLo cUVTOUN Tieplypadn yla Ty KABe evotnTa MOV auTh mepAapBavel.

@ HFRI.

Foundation for
Research & Innovation

-
=
=
o
=

Home WPs & Partners Deliverables Workshop Contact
WP1
WP2

WP3

WP1: Project Coordination, Manag Dissemination

Objectives:

Account for all activities at the project management level aimin| Bll the objectives will be achieved and the

appropriate links with the EC will be established. Create and el sibility and its most important outputs to pave the
way for wide-spread acceptance and implementation of the results, while respecting security/confidentiality matters with regard to

sensitive project outcomes.
Description of Work:

Task 1.1: Project administration, financial coordination & planning (NTUA) This task includes the following activities: Preparation of
midterm and final technical reports, Project financial statements, Organization of consortium meetings, Presentation of consortium
towards relevant external entities, Ensuring the communication between partners at all levels, Maintenance of the internal data

repository, Management of intellectual property.

Task 1.2: Technical & risk management (NTUA) NTUA will coordinate the team’s technical efforts and outputs. Technical activities

IxAua 2: AvadumloUpevo pevou pe WPs

JTLG €lKOVEG Ttou akoAouBoUv mapouotalovral OAeg ol oeAideg ou sival Slab£oLpeg oto XpAoTn TG
LotooeAidag dnAadn ot erudoyég WP1 €wg WP7.

Dissemination level: Public (PU) - fully open
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Home WPs ~ Partners Deliverables »  Workshop Contact

WP1: Project Coordination, Management & Dissemination
Objectives:

Account for all activities at the project management level aiming to ensure that all the objectives will be achieved and the
appropriate links with the EC will be established. Create and enhance project visibility and its most important outputs to pave the
way for wide-spread acceptance and implementation of the results, while respecting security/confidentiality matters with regard to

sensitive project outcomes.
Description of Work:

Task 1.1: Project administration, financial coordination & planning (NTUA) This task includes the following activities: Preparation of
midterm and final technical reports. Project financial statements, Organization of consortium meetings, Presentation of consortium
towards relevant external entities, Ensuring the communication between partners at all levels, Maintenance of the internal data
repository, Management of intellectual property.

Task 1.2: Technical & risk management (NTUA) NTUA will coordinate the team'’s technical efforts and outputs. Technical activities
of the WPz will be monitered in accordance with the task leaders. The aim is to comply with technical milestones, intermediate
outputs and eventually project objectives. Deadlines and technical objectives will be respected, and particularly technical critical
issues will be given particular attention. Technical management tele-meastings will be held every month to assess the degree of
completion of work, including technical results and deliverable preparation. Timely awareness of and reaction to potential problems
will be crucial for risk management effectiveness.

Task 1.3: Dissemination & communication activities (NTUA) A set of dissemination and communication tocls will be developed,
comprising the following key elements: A Project website with an open area for general information and news about the project and
a repository of its public outcomeas, complemented by a restricted internal area for safe exchange of documents and information
between the partners, Online and web-based dissemination tools: social networks (Linkedin, Facebook and Twitter) will be used to
reach different stakeholder groups, publications in open-access platforms and joumals and presentations at conferences and

multiplier events.

Climate-Aware Risk and Resilience Assessment of Urban Areas under Multiple Environmental Stressors via Multi-Tiered Digital City Twinning

IxAua 3: WP1 meplypadn evotntag epyaciog

10
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WP2: Asset ontology, system architecture and resilience framework
Objectives:

Produce an architectural specification of the TwinCity integrated platform that will be the basis for the technical developments in
WPs 3-6, as well as for the integration and piloting activities in WP7. Select and survey the pilot study area. Setup a Geographic
Information System to integrate all data.

Description of Work:

Task 2.1: Specification of system requirements & scenarios definition (All) A detailed specification of functional and non-functional
requirements will be produced for the TwinCity integrated system. A specific study of the pilot area will be carried for a preliminary
identification of the integration activities (e.g. deployment of new hardware, integration with legacy systems, etc.) that will be
needed in WPT for validating the system.

Task 2.2: Design of the overall system architecture (All) An architectural specification of the TwinCity system will be elaborated to
matches the requirements specification. The specification will encompass the definition of the different modules/tools to be
developed in WPs 3-6, the definition of a common information model for coordinating data sharing among these modules and with
other external tools and systems, and the specification of a hardware & software interconnection layer to enable communication
and interoperability with sensors and external data seurces. In addition, a toolset will be specified for supporting the full
development cycle, including a version control repository, testing tools, cloud hosting, etc.

Task 2.3: Definition of pilot area, assets, networks, interconnections and interdependencies (RED, NTUA) A pilot area will be
selected from the Dodecanese islands. A full survey of residential. commercial, industrial, and heritage buildings will be performed,
using satellite, cadastral and open-source data (e.g., OpenStreetiap). A three-tiered hierarchical classification will be employed in
tandem with a detailed taxonomy definition to identify critical structures (Tier 1), eliminate structures of no interest (Tier 3) and
classify the essential non-critical ones (Tier 2) into homogeneous classes. Simplified models will be built for networks modeling
major arteries explicitly (Tier 1), and smaller branches in aggregate (Tier 2). Census data will be leveraged to distribute permanent
residents and seasonal visitors {tourists), identify local businesses, their supply chain, and associated interdependencies. All
results will be encoded in the GIS.

Task 2.4: Definition of digital-twinning compatible resilience framework (NTUA) A holistic risk assessment framework will be
elaborated pertaining to how hazard, risk and impacts are propagated while keeping track of pertinent uncertainties and updating
the estimates based on online data input. This will form the core of the CDT model, detecting the occurrence of events, tracking the
failure and subsequent recovery of assets, and propagating the effects to other interconnected assets or networks. Throughout this
process, updates will be applied, recalibrating the CDT as needed to match new input data streams and allow enhanced predictive
capabilities.

Ixnua 4: WP2 neplypadn evotntag epyaciag

11
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WP3: Natural hazard modeling & assessment
Objectives:

Develop advanced modelling for natural hazards. Simulate average climate & extreme events in the meso/local-site scale. Assess
the site-specific seismic hazard. Integrate all pilot area hazard information into a common data format on the GIS.

Description of Work:

Task 3.1 Assessment of climate data, selection of scenarios (FMI) Specific severity criteria for climate and atmospheric stressors
will be developed followed by an analysis on existing EUROCORDEX climate simulation results to identify relevant “episodic”
periods. A set of synthetically perturbed temperature timehistories will be examined, representing the expected long-term average
warming effect over the study period. The analysis will involve results previously obtained by various Regional Climate Models
(RCMSs) for at least two warming scenarios.

Task 3.2: Weather hazard assessment (FMI. NTUA) Dynamical downscaling of climate data will be performed down to the meso-
and local- (site) scales under the scenarios selected. Computational fluid dynamics simulations will be perfomed in a scale of 10 to
2 km, while additional simulations will be performed using Large Eddy Simulation models over the finer-scale grids. The output will
be employed for the assessment of the site-specific risk parameters and stressor indicators, comprising time-series and statistics of
well-defined atmospheric and climatic impact indicators in a format appropriate to be used as input in the physical vulnerability
assessment of WP4.

Task 3.3 Seismic hazard assessment (RED, NTUA) The latest European seismic hazard model and open-source software
(OpenQuake) will be leveraged for determining stochastic event sets covering “all” potential events to occur in the study area and
associated spatially correlated intensity measure fields to relate the different potential concurrent ground shaking over the region.
The entire logic tree branch of the seismic source model will be employed, offering a full coverage of epistemic uncertainties in the
output results.

Task 3.4: Geographical information system integration (NTUA) Information layers depicting present hazards and their associated
potential to cause harm will be delivered. All data will be integrated in terms of multiple potential stochastic event sets covering
millions of plausible scenarios over the next 50 years in terms of intensity measure fields for all environmental stressors from
weather and geo-hazards.

IxAua 5: WP3 meplypadn evotntag epyaciog
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WP4: Vulnerability & physical impact assessment
Objectives:

Develop multi-hazard vulnerability modules for Tier 1 and 2 structures and infrastructure, assessing damages and impact to
structures and infrastructure under different single, cotemporaneous or cascading hazards. Develop the software engines for
assessing losses for buildings and networks.

Description of Work:

Task 4.1: Development of multi-hazard vulnerability modules (NTUA) Characteristic “index” assets (buildings, bridges, monuments,
etc ) that influence system resilience will be selected via expert opinion and statistical clustering to best represent the vast portfolio
of structures at risk. Highly detailed component-by-companent models will be developed for Tier 1 structures, together with
corresponding fast-running simplified surrogate models (Tier 1-2) that can be employed to provide assessment of the entire asset
portfolio via the tools of Task 4.2-4.3. The epistemic uncertainty due to the detailed models’ reduction to surrogacy will also be
incorporated. Network models will be added in sparser detail, including their connectivity (transportation of people and goods,
distribution of water and removal of sewage, etc.) and interactions (e.g. water pumps depending on electricity). Simplified physical
models will be employed to lessen the computational burden as well as to compensate for the typical lack of detailed utilities’
information. A comprehensive set of future CC scenarios will be created from the hazard models of WP3. Climate-related loads
(snow, rain, wind, etc.). geohazard intensities (e.g., ground acceleration) will be employed to develop the range of stressors on
each index structure. These loads will be applied to the numerical models to evaluate damage, allowing loss, functionality and
downtime to become directly tied o rehabilitation/recovery actions. The results will be encoded in software libraries, termed MHVM,
which will be built upon the LBM concept (See methodology) to enable a seamless integration of hazard simulators and
vulnerability results.

Task 4.2: Development of loss assessment engine for building portfolios (RED, NTUA) The software engine for assessing the
losses for non-interconnected assets (residential, commercial, industrial, cultural heritage buildings) will be developed. Loss values
will include direct and indirect monetary losses, downtime, and human injuries & casualties, to be quantified per asset in case of
Tier 1, or per class of similar assets for Tier 2.

Task 4.3: Development of loss assessment engine for infrastructure networks (NTUA) The software engine will be coded for
assessing the losses and functionality level of interconnected assets, focusing on public utilities, namely
water/sewage/power/ielecom/transportation networks. Tier 1 assets will be modeled explicity, while Tier 2 assets will be tracked at
the land parcel level. Tracking and propagating the cascading shutdown of interrelated assets will be the primary task of this
engine, allowing for a detailed view of the services available to the population in the post-event phase of a disruption.

IxNua 6: WP4 meplypadn evotntag Epyaciag
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WP5: Business & community impact assessment
Objectives:

Develop a model to assess the Socioeconomic, Community and Organizational (3CO) response to natural hazard events.
Integrate the SCO model into the TwinCity engine.

Description of Work:

Task 5.1: Socioeconomic, Community and Organizational Resilience Madel (RG) A socioeconomic model of users (residents and
visitors), local economy (production and consumption of goods, services), services), small businesses, and local governance will
be generated, offering a hierarchical model of the urban community. Directed surveys, expert opinion elicitation, end user input and
literature: data will be employed to provide the necessary information for model building. A range of community resilience
assessment tools will be employed, offering a combination of existing impact assessment models and methodologies that range
from simple damage assessment functions to advanced simulation models suitably parameterized and customized. The end result
will allow a user to investigate the overall impact of the various hazards to the pilot area as well as the efficiency of any proposed
adaptation and mitigation policies in a guantitative way. A kriging-based fast-running surrogate model will also be created to offer
near-real-time assessment of system state and operability, incorporating sensor data and observer reports to provide a best-
available rapid report of area status at the system level. This will allow us (a) to painlessly run pre-event what-if scenarios and (b)
to obtain a rapid trans/post-event assessment of the impact of any extreme event that will be updated continuously as new data is
incorporated and background simulations start catching up to develop a more accurate picture.

Task 5.2: Holistic Impact Assessment Engine (NTUA) The integrated model and associated software engine to combine the
physical and SCO impact will be coded. Different levels of SCO models and tools will be applied to offer different resolutions in
assessing the impact of scenario events on the urban community in direct support of WPS and WPT.

IxAua 7: WP5 meplypadn evotntag epyaociog
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WPG6: Sensor data integration & digital twinning
Objectives:

Identify & integrate data inputs from municipal, governmental, and online data sources. Develop proxies for missing input data
based on statistical models via supervised machine learning. Enable near-real-time dynamic updating of the CDT model of the
urban area. Develop V1 of the CDT.

Description of Work:

Task 6.1 Online data source integration (NTUA, RED) Hazard information will be ingested from national weather and
seismographic networks, to incorporate available online data on the pilot area, e g., from the National Observatory of Athens as
they become available. API hooks will also be coded to read online data sources on arrivals (e.g. FlightRadar24), local hotelier
information as well as economic indices as published from the Chamber of Commerce & Industry, National Bank of Greece,
Eurostat, local hoteliers’ associations etc., on a daily, monthly or yearly basis. All pertinent information on hazards, population,
business and economy will thus be entered in a database for direct or indirect employment in the CDT.

Task 6.2: Surrogate models for missing data (NTUA, RG) Surrogate models will be used to recover missing input data from related
proxies based on statistical models via supervised machine learning. Kriging surrogates, k-nearest-neighbor nonparametric
models, and deep neural networks will be tested for building relationships between historical proxy data and known parameter
values to be employed, and the results will be leveraged for projecting into the near future. To enable self-correction and
improvement, an online supervised learning approach will be employed, allowing the staged improvement of the CDT after an initial
calibration period.

Task 6.3: Digital twinning of urban area (NTUA) To close the circle, this task will enable the near-real-time dynamic updating of the
CDT model of the urban area. A machine learning data-based algorithm will be employed to link external inputs to pre-computed
scenarios of community impact/functionality per each asset. Reflecting inherent uncertainties, a range of best matching scenario
outcomes will be presented, each with an associated likelinood and combination weight to derive overall cutcome distribution
statistics. The system will allow assimilation of success/failure information (based on user input flagging correct and incorrect
scenario picks) to allow re-training of the selection algorithm under the paradigm of online supervised learning. This will become
the first version (V1) of the integrated CDT, to be subsequently calibrated to V2 in WP7.

Ixnua 8: WP6 meplypadn evotntag pyaciag
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WP7: On-site integration, calibration & scenario studies
Objectives:

Perform system on-site integration and acceptance tests. Calibrate the digital model to V2, run scenarios.
Description of Work:

Task 7.1: Overall System Integration and Acceptance Tests (All) This task consists in performing the overall system integration and
to test it against the test plan elaborated from specifications defined in WP2 and against the expectations of the end-users from the
project. The task starts in M19, with the development of the integration, validation and verification plan that will be prepared to
guide the field tests. The plan will describe the items to be tested and will also describe the evaluation procedures. The goal is to
perfarm the overall integration of the TwinCity system components in a single platform that provides access to the various tools and

supports data exchange.

Task 7.2: Pilot implementation and calibration (NTUA) This task consists of the pilot performance assessment according to the
scenarios that have been defined in WP2 and will follow the iterative integration procedure. First tests will run from M30 (time of
delivery of the V1 version) until M33. The main activity will be testing the impact and recovery of the pilot area to historical
disruption scenarios, mainly leveraging data from the recent COVID-19 quarantine and subsequent staged re-opening of
businesses to match and calibrate the predictions of the CDT.

Task 7.3: Development of scenarios and evaluation of mitigation strategies (NTUA) The CDT will subjected to a range of climate
and non-climate hazard scenarios to assess the impact and the mitigation of different hazards on assets in the pilot area, including
{a) direct impacts, i.e., structural damage, casualties, direct financial losses, environmental consequences, societal, psychological
issues), and (b) indirect impacts related to business continuity, loss of tourism and the availability and guality of service. The overall
goal is to assess the threats of climate and seismic hazard, model the effects of different adaptation strategies, and ultimately
prioritize any rehabilitation actions to best allocate funds in both pre- and post-event environments, while accounting for the effect
of externalities (inadequate funding or policies) on recovery speed. The overall results will inform the employment of physical,
organizational and financial tools to support resilience.

IxAua 9: WP7 meplypadn evotntag epyaciog

3.3 Partners

Xpnowuomowwvtag tov olvdeouo “Partners”, epdavifovral ot ocuviedeotég tou TwinCity, evw
oupnepAappfdvovtal cUVSeoUoL yla TPOoPacn OTLG LOTOCEAISEC TOUG. IUVIOVIOTIKO pOAO OTO
npOypoppa €xouv Ta HEAN TOu EMII, eV CUMUETEXOUV OTO TPOYPOUUA gpsuvntég amd Finish
Meteorological Institute (FMI), Resilience Guard (RG) kat ano tn etatpia RED Risk Engineering and
Development S.p.A. (RED).
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Partners

Coordinator:

National Technical University of Athens - NTUA, Greece

Institute of Steel Structures

labmetalstructures civil. nfua.gricms/en/

Collaborating Organizations:

Finnish Meteorological Institute (FMI), Finland

F M I hitps-len.iimatieteenlaitos i

Resilience Guard Gmbh (RG), Switzerland

ResilienceCuard

hitps-ihwww.resilienceguard.ch/

Q — : RED Risk Engineering + Development 5.p.A. (RED), Italy
— hitpsihwww redrisk.com

R1SK

ENMGINEERING 4+

DEVELOPMENT

IxAua 10: ZeAiba etaipwv TwinCity

3.4 Deliverables

210 ocuvbeopo “Deliverables” ol xprioteg unopolv va Souv avaAuTikr Alota pe OAa ta mapadotéa Tou
TwinCity, éxovtag paAlota npocBacn o doa gyypada sival yopoktnplopéva wg dnuoota (PU). Ta
gyypada eival o popdn pdf.
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= Reports

: Deliverable Download
1.1: Project Website PDE
12: Technical and financial reports PDE
13 Journal & conference publications PDE
1.4 Summer school & workshop PDE
2.1 System Requirements & Architecture PDE
2.2 Asset definitions and interdependencies PDE

: 2.3 Resilience framework PDE
2.4 GIS exposure layer dataset PDE
31 Climate, weather/seismic hazard PDE
32 GIS hazard layer datasat PDE
41: Definition of asset taxonomy PDE
4.2: Multi-hazard vulnerability modules PDE
4.3 Integrated loss assessment engine PDE

ﬁ 51 Socioeconomic impact model PDE
52 Holistic impact assessment engine PDE

: 6.1: Data integration and surrogate models PDE
6.2: V1 pilot area digital twin PDE
AN System integration and acceptance tests PDE
7.2 V2 pilot area digital twin PDE

E 7.3 Extreme event scenario studies PDE

Ixnua 11: Aiota mopadotéwv

3.5 Workshop

Y10 oUvbdeopo “Workshop” ol xproteg €xouv mpocBocn os mMAnpodopieg yla T Slepyacieg tou
epyaotnpiou mou Slopyavwbnke otnv Ydpa tov louvio tou 2023 oto mAaiolo tou TwinCity. Alvetal
emniong mpooPacn oToUG XPOTEC OTLG MAPOUCLACELS TTOU TipayaTonoOnkayv otnv ekdnAwaon, LEow
OUVOECUWY TTOU UTIAPXOULV OTO TIES(0 OMOU MAPOUGLATZETOL TO AVAAUTLKO TIPOYPALA TWV SLOAEEEWV.
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Uncertalnw Workshop-.

| Date&Venue

June 14-17, 2023
Bratsera Hotel, Hydra Island, Greece

. Organizing Team

DVamvatsikos, V. Melissianos, A. Chatzidaki, C. Lachanas, A. Gerontati, E. Karaferi, N. Karaferis
NTU Athens

| Warkshop material

Brochure

Hellenic Foundation for
search B Innovation

Al @ HERI

IxAua 12: NAnpodopieg epyactnpiou Yépag

Dissemination level: Public (PU) - fully open
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Wed 14/6/2023

&l day

10:20 - 10:40

10:40 - 11:00

11:00 - 11:20

11:20-11:40

11:40 - 12:00

12:00 - 12:20

12:20-12:40
12:40 - 15:00
13:00 - 13:20
13:20 -13:40

13:40-13:50

13:50 - 14:00

14:00 - 14:10
14:10-16:00
16:00 - 17:30
2030

Fri 16/6/2023
02:40 - 10:00
10:00 - 10:20

10:20 - 10:40

10:40 - 11:00

11:00 - 11:20
11:20 - 11:40
11:40 - 12:00
12:00 - 12:20
12:20 - 12:40
12:40 - 13:00
13:00 - 15:20
13:20- 1330
13:30 - 13:50
13:50 - 16:00
16:00 - 17:30
sat 1762023

10:00 - 15:00

3.6 Contact

Thu 15/6/2023

Technical Programme

Arrival & welcome

D. vamyatsikos
O.l. Ktenidou

A, Pepadopoulos

. Bazzurro

M. Vassiliou
Short Brezk
1. Baker

5. Akkar

E.Faga

5. Lagomarsino
T. Haukaas

L Bal

M. Karzferic, W, Melissianos

E. Karafieri,_D. Tsarpalis

K. Bakalis
Lunch Brezk
Free discussion

workshop Dinner

G. Mylonakis
G. O'Reilly

A, SExtDs
4. Giarzlis

L lervoling

short Brezk

5. Cattari

E. Dimitrakopoulos

M. Castro, X, Romao

G. Baltzopoulos

P.A.G.O Inarritu, M. Sipric
A, Gerpntati, C. Lachanas

D. Vamvatsikos, NTUA, Greece

Lunch Brezk

Free discussion

Site visit: Geology of Hydra
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Even in Hydra, logistics are king

Everything You Always Wanted to Know About 7* (*But Wwere Afraid to ask)

The Earthquake Rizk Model of Switzerland (ERM-CH23]: Inzights, leszons learned and future dirsctions
Practical solutions to hazard-consistent ground motion record selection for fragility and response hazard
curves’ computation

eround motion uncertainty 35 3 rug to sweep things under

Spatial correlation in grownd motion intensities: Measurement, prediction, end ssismic risk implications
Lezzons learned from the 2023 Kahramanmaras, Tirkiye sarthguakes: Modeling aspects of insured portfolic
losses

Hurricanes, volcenoss, end sarthguekes: Life is not ezsy in the Pacific

Derivation of fragility curves to establish a vulnersbility metric for the residentizl building stock

Sensitivity of nonlinesr dynamic response and relative importance of input variables

Potential use of seismic risk models for & more accurate collapse risk estmation of individuzl buildings

Fault displacement hazard: Taming the beast for enginesring applicatons

& socigeconomic resilience fremework for estimating indirect bosses of earthguake hazards to urban
communities

wodelling uncertzintes for capacity designed steel MRFs: do they matter?

Tavernz "Psaropoula”

Zeismic Displacemeant as an Acceleration Couple: A Beam Analog in Ezrthquake Engineering

Wiyths and fallzcies in performance-based sarthquake engingsring: Ode to Migs!

Frequency-dependent LFMs for predicting seismic and mitigeting non-ssismic vibrations

Quantification and impact of the evolutionary frequency content of necorded ground motions to seismic
structural response

Conditionzl hazard for multi-zite FSHA and issuss in semi-empiriczl fragility fitting using shakeMap

Damage level uncertainty and the imgact on fragility curves for URM buildings

Towards engineered structures made of bamboo culms: 3 guestions answersd

Statistical evaluation of the influence of manufacturing tolerances on the cydic behavior of steel members
Zome izzees with risk-targeted ssismic design

EDPs for cumulatve damage in URM buildings and RC columns

sliding and Rocking are not the same

It depends: The best answer for most cavssl guestons in earthquaks enginssring

Ixnua 13: Napouciaon epyaoctnpiov Yopag — Mpoypapa KOL TAPOUGCLACELG

Xpnotwuomnolwvrag to cuvdeopo “Contact” oL emokEmnTeg TG oeAidag umopouv va Bpouv mAnpodopisg
ETUKOLVWVLAG LE TOUC SLAXELPLOTEG TNG LoTooeAISaG (LEow email).

Dissemination level: Public (PU) - fully open
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Contact

Eirini Vourlakou

Institute of Steel Structures
School of Civil Engineering
MNational Technical University
Heroon Polytechneiou 9

157 80 Athens, Greece

tel: +30 210 7721935

evourlakou@mail.ntua.gr

Climate-Aware Risk and Resilience Assessment of Urban Areas under Mulfiple Envirenmental Stressors via Mulli-Tiered Digital City Twinning

February 2022 - July 2025
Ixnua 14: NAnpodopieg emkowvwviag

Dissemination level: Public (PU) - fully open
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4 Iuunepacpata

To napadotéo D1.1 pe ovopacia “Project Website” mapouciace tnv LotoceAida TOU TPOYPAUUATOG
tou TwinCity pe OAeC TIG emUEPOUG 0eAiBeG TTOU pmopel va emlokedBel o xpriotng, avadelkviovtag tn
TPOORACLUOTNTA TIOU UTTAPXEL Yo OAa Ta EAsUBEp TTPOIOVTA KOl ATTOTEAECHATA TOU TIPOYPAUUATOC.
MaAlota n LotooeAida €KTOG amo TNV AVOAUTIKN TOPoUCiacn TwV £pyaclwyv TOU TPOYPOULATOC,
nieptAapPavel kot OAa ta mapadotéa Pe SnUOCLO XapakTnpa, KoBwWE Kot OAEC TIC TIPOUGCLACELG TOU
workshop nou mpaypatomnotBnke oto mAaiolo tou TwinCity, Sivovtag npdofacn o Eva ONUOVTIKO
€UPOG EPYACLWV TIOU TIPAYHATOTOLONKAV OTO MAQLOLA TOU TIPOYPALUOTOG.

H Swayxeiplon tng otooehidag Ba mpaypatoroleital amé tnv opdda tou EBvikol MetooBiou
MoAutexveiou (EMM), n omoia Ba dppovtilel yla tn cuvtrpnon Kot Tuxov evnuéPwaon TNV LOTOoEALSaG
KPATWVTAG TOUC XPNOTEC E€VALEPOUG ylo. TN Topeia tou TwinCity kaBwg Kol yla T TEAKA TOU
OUMTTEPACHOTO KOL ATTOTEAECLLOTAL.
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