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JRC131648Technical reports JRC132242Presentations and science dissemination

World Tsunami Awareness Day 2022
Community Tsunami Exercise in Büyükçekmece-Istanbul (Türkiye)

6th Disaster Risk Management Knowledge Centre (DRMKC) 
Annual Seminar report

CRITECH DRMKC

The first community tsunami evacuation exercise of Türkiye has been organised on 4 November 2022 in 
Büyükçekmece District of Istanbul within the frame of at the CoastWAVE Project funded by the Director-
ate-General for European Civil Protection and Humanitarian Aid Operations (DG-ECHO). The Exercise was 
based on an earthquake scenario prepared by Kandilli Observatory and Earthquake Research Institute (KOERI), 
Gebze Technical University (GTU), and Middle East Technical University (METU), which would trigger a tsunami 
that would mainly impact İstanbul but also lead to tsunami impact in other cities in the vicinity of the Marma-
ra Sea. The evacuation part of the exercise is prepared in the coordination of KOERI with the collaboration of 
Istanbul Metropolitan Municipality (IMM) and Disaster and Emergency Management Presidency of Republic of 
Türkiye (AFAD) with the contribution of other civilian authorities, the provincial security directorate, provincial 
gendarmerie command, district governorship/prefecture etc. JRC-E1 has been invited to act as an Observer of 
the Exercise. This report has been prepared to address this function and provides a summary of observations 
and recommendations for future exercises.

On 22-23 November 2022 the 6th Disaster Risk Management Knowledge Centre (DRMKC) Annual Seminar
took place, i.e. almost at the end of the first full year of activity of the Union Civil Protection Knowledge Net-
work, which was established in December 2021.

Necmioglu, O., World Tsunami Awareness Day 2022Community Tsunami Exercise in Büyükçekmece-Istanbul (Türkiye), EUR 31357 

EN, Publications Office of the European Union, Luxembourg, 2023, ISBN 978-92-76-60566-9, doi:10.2760/728422, JRC131648.

Santini, M., Gyenes, Z., De Groeve, T. and Corban, C., 6th Disaster Risk Management Knowledge Centre (DRMKC) Annual Sem-

inar report, Publications Office of the European Union, Luxembourg, 2023, ISBN 978-92-76-61564-4, doi:10.2760/841565, 

JRC132242.

https://publications.jrc.ec.europa.eu/repository/handle/JRC131648 https://publications.jrc.ec.europa.eu/repository/handle/JRC132242

7https://publications.jrc.ec.europa.eu/repository/handle/JRC131648
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Global propagation of air pressure waves and consequent ocean 
waves due to the January 2022 Hunga Tonga-Hunga Ha'apai 
eruption

JRC/DG-ECHO/UNESCO-IOC Joint Hybrid-Workshop on Local 
Tsunami Warning in the context of Multi-Hazard Disaster Risk 
Mitigation

CRITECH CRITECH

On January 15, 2022, the Hunga Tonga-Hunga Ha’apai volcano’s huge eruption generated tsunami waves 
globally due to an unusual source in this unique event: fast-traveling air pressure disturbances originated 
from the explosion of the volcano. Here we investigate the global propagation of the pressure waves (first cy-
cle) and the consequent ocean waves. The analysis of the measured air pressure waves shows that the speed 
of air pressure linearly increases with time. The peak and trough amplitudes of the pressure wave exponen-
tially decrease with the traveled distance until half the overall distance; then, it restarts to increase, reaching 
a peak towards the apogee. Two different modeling approaches are followed to solve the air pressure waves 
and the resulting ocean waves: i) a synthetic pressure forcing model based on barometric measurements and 
ii) a numerical model based on nonlinear shallow water theory using an initial disturbance at the volcano. 
We forced the hydrodynamic model by the produced pressure fields to compute the resulting tsunami waves 
globally. We present the modeling results, discussing the possible sea level amplification mechanisms and 
affecting factors. Fairly well agreement between the computed and measured air pressure waves and sea 
levels around the globe is promising.

The classical tsunami warning methodology is based on the reliable identification of earthquake location, 
magnitude, and depth which generally requires >7 min for the initial tsunami warning because of the seis-
mological constraints. This may sound fast, however, such a warning time may still be late for some coastal 
locations to take timely actions, where tsunamigenic sources are very near the shoreline. In addition to the 
historical 1908 Messina Strait earthquake and tsunami, 2017 Bodrum-Kos, 2018 Palu, 2020 Samos earth-
quakes with very short tsunami arrival times and 2018 Anak Krakatau - 2022 Hunga Tonga-Hunga Ha'apai 
volcanic origin tsunamis are other events that clearly remind us of the urge for relevant communities to fill 
the gaps of local/near-field tsunami warning. This report provides a summary of the presentations and dis-
cussions of the JRC/DG-ECHO/UNESCO-IOC Joint Hybrid-Workshop organized in JRC-Ispra during 4-5 October 
2022, and presents conclusions, which, in line with the target (g) of the Sendai Framework for Disaster Risk 
Reduction, will support the development of an integrated, truly multi-hazard-oriented coastal community 
disaster resilience policy brief for Europe. It also showcases that the EEWS system currently being tested for 
example in Messina and the operational Volcano-TEWS in Stromboli, which directly alert both population and 
authorities at the same time have clear potentials to be adapted in many parts of the world subject to similar 
local/near-field tsunami threat.

Dogan, G.G., Yalciner, A.C., Annunziato, A., Yalciner, B. and Necmioglu, O., Global propagation of air pressure waves and conse-

quent ocean waves due to the January 2022 Hunga Tonga-Hunga Ha`apai eruption, OCEAN ENGINEERING, ISSN 0029-8018, 

267, 2023, p. 113174, JRC132459.

Necmioglu, O., Chang Seng, D., Annunziato, A. and Imperiali, O., JRC/DG-ECHO/UNESCO-IOC Joint Hybrid-Workshop on Local Tsu-

nami Warning in the context of Multi-Hazard Disaster Risk Mitigation, Publications Office of the European Union, Luxembourg, 

2023, ISBN 978-92-76-99019-2, doi:10.2760/398065, JRC132369.

https://publications.jrc.ec.europa.eu/repository/handle/JRC132459 https://publications.jrc.ec.europa.eu/repository/handle/JRC132369

https://publications.jrc.ec.europa.eu/repository/handle/JRC132459
https://publications.jrc.ec.europa.eu/repository/handle/JRC132369


05 06

JRC132245Technical reports JRC131351Technical reports

Extreme and long-term drought in the La Plata Basin: event 
evolution and impact assessment until September 2022

Global Flood Monitoring

DROUGHT FLOODS

The current drought conditions across the Parana-La Plata Basin (LPB) in Brazil-Argentina have been the 
worst since 1944. While this area is characterized by a rainy season with a peak from October to April, the 
hydrological year 2020-2021 was very deficient in rainfall, and the situation extended into the 2021-2022 
hydrological year. Below-normal rainfall was dominant in south-eastern Brazil, northern Argentina, Paraguay, 
and Uruguay, suggesting a late onset and weaker South American Monsoon and the continuation of drier con-
ditions since 2021. In fact, in 2021 Brazilian south and south-east regions faced their worst droughts in nine 
decades, raising the spectre of possible power rationing given the grid dependence on hydroelectric plants. 
The Paraná-La Plata Basin drought induced damages to agriculture and reduced crop production, including 
soybeans and maize, with effects on global crop markets. The drought situation continued in 2022 in the 
Pantanal region. Dry meteorological conditions are still present in the region at the end of September 2022 
with below-average precipitation anomalies. Soil moisture anomaly and vegetation conditions are worst in 
the lower part of the La Plata Basin, in the southern regions. Conversely, upper and central part of the basin 
show partial and temporary recovery.

This publication is a Technical Report on the Global Flood Monitoring (GFM) product of the Copernicus Emer-
gency Management Service, which is operated by an international consortium led by the Earth Observation 
Data Centre for Water Resources Monitoring GmbH (EODC), under a Framework Contract with the Joint Re-
search Centre (JRC), the European Commission’s science and knowledge service. The aim of the report is to 
provide a product and service quality assessment for the pre-operational phase of the GFM Product. In order 
to assess the thematic accuracy of the output layers of flood information provided by the GFM Product, a 
systematic check has been performed of the product quality and consistency with the Technical Specifications. 
This report describes the related quality assurance activities and achieved results, based on an initial analy-
sis of the performance of the GFM Product for a representative set of Use Cases of worldwide flood events.

Naumann, G., Podesta, G., Marengo, J., Luterbacher, J., Bavera, D., Acosta Navarro, J., Arias-Muñoz, C., Barbosa, P., Cammalleri, C., 

Cuartas, L.A., De Estrada, M., De Felice, M., De Jager, A., Escobar, C., Fioravanti, G., Giordano, L., Hrast Essenfelder, A., Hidalgo, C., 

Leal De Moraes, O.L., Maetens, W., Magni, D., Masante, D., Mazzeschi, M., Osman, M., Rossi, L., Seluchi, M., De Los Milagros Skansi, 

M., Spennemann, P., Spinoni, J., Toreti, A. and Vera, C., Extreme and long-term drought in the La Plata Basin: event evolution and 

impact assessment until September 2022, EUR 31381 EN, Publications Office of the European Union, Luxembourg, 2023, ISBN 

978-92-76-61614-6, doi:10.2760/62557, JRC132245.

Seewald, M., Riffler, M., Ralser, S., Innerbichler, F., Dulleck, B., Leitner, A., Gruber, C., Schleicher, C., Ziselsberger, M., Mccormick, 

N. and Salamon, P., Global Flood Monitoring, EUR 31425 EN, Publications Office of the European Union, 2023, ISBN 978-92-76-

99709-2, doi:10.2760/362585, JRC131351.

https://publications.jrc.ec.europa.eu/repository/handle/JRC132245 https://publications.jrc.ec.europa.eu/repository/handle/JRC131351

https://publications.jrc.ec.europa.eu/repository/handle/JRC132245
https://publications.jrc.ec.europa.eu/repository/handle/JRC131351
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Global Human Settlement Layer data for census analysis in 
South Africa

GHS-DUG User Guide

GHSL GHSL

Accurate population and household census information are critical data input for national policymaking pro-
cess. They facilitate informed development decisions on the delivery and planning of services related to 
governance and public health, such as election preparation, response to disasters, or human and structural 
risk assessment.
In this report we investigate, how census related activities can benefit from combining official statistics with 
new geospatial information derived from remote sensing imagery. We test how GHS-BUILT-S layer – a high 
resolution, spatially and temporally comprehensive dataset on residential built-up surface areas produced 
by the Global Human Settlement Layer project, could have supported census processes, using South Africa 
national census data from years 2001 and 2011 as a case study.
Findings of our study show that GHS-BUILT-S layer enables the identification of dynamically changing regions 
and thus has the potential to improve the operational process of the population and housing census in four 
dimensions: planning, preparation, field work, and validation and verification. In particular, the case study 
of South Africa showcases a wider field and scope of application of the operational production of global 
information on built-up surfaces and population distribution to be continuously produced by the Copernicus 
Emergency Management Service, Exposure Mapping Component (Copernicus GHSL).

The Degree of Urbanisation Grid (GHS-DUG) Tool (– version 6) is an information system developed in the 
framework of the Global Human Settlement Layer (GHSL) to produce geospatial grids to map settlement 
classes and extract related statistics. The settlement classes are derived from the “Degree of Urbanisation” 
method and ported to the GHSL environment through the GHSL Settlement Model (GHSL SMOD).
The GHS-DUG v6 is designed as a scalable tool allowing the application of the GHSL Settlement Model to the 
input data available to the user or to data made available in the GHSL Data Package 2022. This document 
contains the description of the GHS-DUG Tool use, the rationale of the differentiation between settlement 
classes and the comprehensive description of the outputs. The tool is a capacity enhancement asset in the 
framework of the multi-stakeholder effort for the uptake of the Degree of Urbanisation, the people-based 
harmonised definition of cities and settlements recommended by the 51st Session of the United Nations Sta-
tistical Commission as the method to delineate cities and rural areas for international statistical comparison.
The GHS-DUG, as all GHSL Tools, is issued with an end-user licence agreement, included in the download 
package.

Goch, K., Carneiro Freire, S.M., Melchiorri, M., Kemper, T. and Laldaparsad, S., Global Human Settlement Layer data for census 

analysis in South Africa, EUR 31397 EN, Publications Office of the European Union, Luxembourg, 2023, ISBN 978-92-76-61983-

3, doi:10.2760/775122, JRC132291.

Maffenini, L., Schiavina, M., Melchiorri, M., Pesaresi, M. and Kemper, T., GHS-DUG User Guide, Publications Office of the European 

Union, Luxembourg, 2023, ISBN 978-92-76-99896-9, doi:10.2760/655758, JRC132760.

https://publications.jrc.ec.europa.eu/repository/handle/JRC132291 https://publications.jrc.ec.europa.eu/repository/handle/JRC132760

https://publications.jrc.ec.europa.eu/repository/handle/JRC132291
https://publications.jrc.ec.europa.eu/repository/handle/JRC132760
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GHS-DU-TUC User Guide GHS-POP2G User Guide

GHSL GHSL

The Degree of Urbanisation Territorial Units Classifier (GHS-DU-TUC) Tool (– version 3) is an information sys-
tem developed in the framework of the Global Human Settlement Layer (GHSL) to produce the classification 
of territorial units based on the Degree of Urbanisation and extract related statistics.
The GHS-DU-TUC v3 is designed as an operational tool to perform the second stage required to apply the 
Degree of Urbanisation released as standalone tool and as ArcGIS Toolbox. This tool is conceptualised to be 
deployed after the application of the GHSL tools GHS-POP2G and GHS-DUG but it accepts in input population 
grids produced by means of any other procedure respecting the described constrains.
This document contains the description of the GHS-DU-TUC Tool use, the rationale for the stage 2 to apply 
the Degree of Urbanisation (the classification of territorial units) and the comprehensive description of the 
outputs. The tool is a capacity enhancement asset in the framework of the multi-stakeholder effort for the 
uptake of the Degree of Urbanisation, the people-based harmonised definition of cities and settlements rec-
ommended by the 51st Session of the United Nations Statistical Commission as the method to delineate cities 
and rural areas for international statistical comparison.
The GHS-DU-TUC, as all GHSL Tools, is issued with an end-user licence agreement, included in the download 
package.

The Population To Grid tool (GHS-POP2G) –version 3- is an information system developed in the framework 
of the Global Human Settlement Layer (GHSL) to produce geospatial raster grids of population counts at 
different spatial resolutions.
The GHS-POP2G v3 is a flexible tool to produce geospatial population grids in GeoTIFF format from census 
data. The tool operationalises the workflow developed for the production of the Global Human Settlement 
Layer Population Grid layers (GHS-POP). The GHS-POP2G v3 tool allows the creation of population grids at 
50 m, 100 m, 250 m, and 1 km spatial resolutions, handling census data stored as point and/or polygon 
vector data (in latter case requires additional covariate as input for dasymetric disaggregation). The principal 
purpose of the tool is the production of the population grid used as input for the Degree of Urbanisation Grid 
(GHS-DUG) also produced in the GHSL framework. However the potential uses of the tool and population grids 
go far beyond this main application.
The tool is a capacity enhancement asset in the 
framework of the multi-stakeholder effort for the 
uptake of the Degree of Urbanisation, the peo-
ple-based harmonised definition of cities and set-
tlements recommended by the 51st Session of the 
United Nations Statistical Commission as the meth-
od to delineate cities and rural areas for interna-
tional statistical comparison. The GHS-POP2G, as all 
GHSL tools, is issued with an end-user licence agree-
ment, included in the download package.

Maffenini, L., Schiavina, M., Melchiorri, M., Pesaresi, M. and Kemper, T., GHS-DU-TUC User Guide, Publications Office of the Euro-

pean Union, Luxembourg, 2023, ISBN 978-92-76-99892-1, doi:10.2760/02672, JRC132762.

Maffenini, L., Schiavina, M., Carneiro Freire, S.M., Melchiorri, M., Pesaresi, M. and Kemper, T., GHS-POP2G User Guide, Publications 

Office of the European Union, Luxembourg, 2023, ISBN 978-92-76-99906-5, doi:10.2760/087034, JRC132748.

https://publications.jrc.ec.europa.eu/repository/handle/JRC132762 https://publications.jrc.ec.europa.eu/repository/handle/JRC132748

https://publications.jrc.ec.europa.eu/repository/handle/JRC132762
https://publications.jrc.ec.europa.eu/repository/handle/JRC132748
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GHS-POPWARP User Guide Drought in the Maghreb and Türkiye February 2023

GHSL DROUGHT

Changing the coordinate system of grids storing population counts is typically a challenging task, due to the 
need to keep the population totals unchanged (i.e. volume preservation).
The Population Warp tool (GHS-POPWARP) version 3, is an information system developed in the framework 
of the Global Human Settlement Layer (GHSL) project to convert geospatial raster grids of population counts 
between different map projections and/or spatial resolutions, while preserving population volumes.
The GHS-POPWARP v3 is a flexible tool to produce geospatial population counts grids in GeoTIFF format start-
ing from another grid in a different coordinate system and/or resolution (i.e. cell size). The principal purpose 
of the tool is to expand the interoperability of GHSL tools which require population grid data as input or to 
simplify the warping of population grids for users less familiar with geospatial processing.
The tool is offered as a contribution to capacity enhancement in the framework of the multi-stakeholder 
effort for the uptake of the Degree of Urbanisation (DEGURBA) classification method. Degree of Urbanisation 
refers to the people-based harmonised definition of cities and settlements recommended by the 51st Ses-
sion of the United Nations Statistical Commission as the methodology to delineate cities and rural areas for 
international statistical comparison. The GHS-POPWARP, as all GHSL tools, is issued with an end-user licence 
agreement, included in the download package.

- A severe lack of precipitation affects both the Maghreb and Türkiye with impacts on soil moisture and rivers 
flow.

- In mid-December 2022 a prolonged warm-spell affected the Maghreb and partially Türkiye. As of February 
2023, winter has been warm and dry over most of the Mediterranean.

- In the Maghreb, drought conditions caused delays to the sowing of cereals, a reduction in the sown area (in 
Morocco) and below to well-below average biomass accumulation in most of wheat and barley cultivated 
areas.

- The compound effects of the catastrophic earthquakes of February 2023 in Türkiye and Syria and of the 
drought may exacerbate impacts on water availability for human, agricultural and energy use. Monitoring 
the evolution of the drought is important to estimate the potential impacts and support risk reduction strat-
egies.

Maffenini, L., Schiavina, M., Carneiro Freire, S.M., Melchiorri, M. and Kemper, T., GHS-POPWARP User Guide, Publications Office of 

the European Union, Luxembourg, 2023, ISBN 978-92-76-99894-5, doi:10.2760/3107, JRC132758.

Toreti, A., Bavera, D., Acosta Navarro, J., Arias-Muñoz, C., De Jager, A., Di Ciollo, C., Fioravanti, G., Grimaldi, S., Hrast Essenfelder, 

A., Maetens, W., Magni, D., Manfron, G., Masante, D., Mazzeschi, M., Salamon, P. and Seguini, L., Drought in the Maghreb and 

Türkiye February 2023, EUR 31445 EN, Publications Office of the European Union, Luxembourg, 2023, ISBN 978-92-68-00405-

0, doi:10.2760/24467, JRC132915.

https://publications.jrc.ec.europa.eu/repository/handle/JRC132758 https://publications.jrc.ec.europa.eu/repository/handle/JRC132915

https://publications.jrc.ec.europa.eu/repository/handle/JRC132758
https://publications.jrc.ec.europa.eu/repository/handle/JRC132915
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Drought in Europe March 2023 A smart and flexible approach for aggregation of adjacent 
polygons to meet a minimum target area or attribute value

DROUGHT GHSL

- Most of southern and western Europe is affected by substantial anomalies of soil moisture and river flow 
due to an exceptionally dry and warm winter.

- The snow water equivalent in the Alps is far below the historical average, and is even lower than that for the 
2021-2022 winter. This will lead to severe reduction of snowmelt contribution to river flows in the perialpine 
region during spring and the early summer 2023.

- Impacts of the emerging drought are already visible in France, Spain, and northern Italy and raise concerns 
on water supply for human use, agriculture, and energy production.

- Seasonal forecasts show a warmer than average spring over Europe, while precipitation forecasts are 
characterized by higher spatial variability and uncertainty. Close monitoring and proper water use plans are 
required to deal with a season that currently has a high risk of being critical for water resources.

Many geospatial analyses require flexible aggregation of adjacent units to meet a minimum target area or 
attribute value. This is usually accomplished using several non-automated and complex GIS tasks. We devel-
oped an integrated user-friendly approach and algorithm implemented in the ‘GHS-SmartDissolve’ tool, that 
addresses minimum mapping unit or attribute value requirements, layers resolution mismatch, spatial uncer-
tainty or modifiable areal unit problem in GIScience. This method automatically dissolves adjacent features 
updating fields’ values to reach a minimum target area or attribute value, using a flexible settings framework 
to meet user requirements. Also provided as a toolbox for ArcGIS (Esri), the approach is demonstrated by (i) 
estimating the mean particulate matter concentrations for all municipalities in Italy in 2011 by combining a 
coarse grid of global PM2.5 concentrations with fine administrative units; (ii) estimating boundaries of Metro-
politan areas in Portugal as aggregation of municipalities, by matching their total population.

Toreti, A., Bavera, D., Acosta Navarro, J., Arias-Muñoz, C., Avanzi, F., Marinho Ferreira Barbosa, P., De Jager, A., Di Ciollo, C., Fer-

raris, L., Fioravanti, G., Gabellani, S., Grimaldi, S., Hrast Essenfelder, A., Isabellon, M., Jonas, T., Maetens, W., Magni, D., Masante, 

D., Mazzeschi, M., Mccormick, N., Meroni, M., Rossi, L., Salamon, P. and Spinoni, J., Drought in Europe March 2023, EUR 31448 EN, 

Publications Office of the European Union, Luxembourg, 2023, ISBN 978-92-68-01068-6, doi:10.2760/998985, JRC133025.

Schiavina, M., Freire, S. and Melchiorri, M., A smart and flexible approach for aggregation of adjacent polygons to meet a mini-

mum target area or attribute value, SCIENTIFIC REPORTS, ISSN 2045-2322, 13, 2023, p. 4367-4381, JRC125655.

https://publications.jrc.ec.europa.eu/repository/handle/JRC133025 https://publications.jrc.ec.europa.eu/repository/handle/JRC125655

https://publications.jrc.ec.europa.eu/repository/handle/JRC133025
https://publications.jrc.ec.europa.eu/repository/handle/JRC125655
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