
PROCEEDINGS OF geoENV2022
Andrea Zanini & Marco D’Oria, Editors

International
Conference on 
Geostatistics for 
Environmental 
Applications

14  th



 

 

 

 

Andrea Zanini & Marco D’Oria 

Editors 

 

 

 

 

 

 

 

14TH INTERNATIONAL CONFERENCE ON 
GEOSTATISTICS FOR ENVIRONMENTAL 

APPLICATIONS 
 

 

 

 

 

 

 

 

 
  



  geoENV2022 

 
 II 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

First Edition 2022 

14th International Conference on Geostatistics for Environmental Applications: geoENV2022 

Editors: Andrea Zanini & Marco D’Oria 

Copyright © Andrea Zanini & Marco D’Oria, 2022 

handle: https://hdl.handle.net/1889/4778  

 
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International 
(CC BY-NC 4.0) license. The text of the license is available at: 
https://creativecommons.org/licenses/by-nc/4.0/legalcode  

  



geoENV2022 

III 

Preface
The 14th International Conference on Geostatistics for Environmental Applications (geoENV2022) 
was held in Italy, at the Campus of the University of Parma. From June 22 to June 24, 2022, over 80 
experts on geostatistics gathered to discuss about environmental applications of this discipline. 

This book contains the abstracts and extended abstracts submitted to the conference and focusing 
on geostatistics applied to different fields such as: ecology, natural resources, environmental 
pollution and risk assessment, forestry, agriculture, geostatistical theory and new methodologies, 
health, epidemiology, ecotoxicology, inverse modeling, multiple point geostatistics, remote sensing, 
soil applications, spatio-temporal processes and surface and subsurface hydrology. 



  geoENV2022 

 
 IV 

 

Organizing Committee 

 

 
 
Andrea Zanini (Co-Chair) 

Marco D’Oria (Co-Chair) 

Maria Giovanna Tanda 

Valeria Todaro 

 

 

 
Jaime Gómez-Hernández (President) 

Philippe Renard (Secretary) 

 
  



  geoENV2022 

 
 V 

 

Scientific Committee 
Teresa Albuquerque – IPCB ICT CERNAS – Portugal 

Denis Allard – BioSP, INRAE – France 

Peter Atkinson – Lancaster University – United Kingdom 

Leonardo Azevedo – CERENA, Instituto Superior Técnico, Universidade de Lisboa – Portugal 

Patrick Bogaert – Université catholique de Louvain – Belgium 

Peter Bossew – German Federal Office for Radiation Protection (BfS) – Germany 

Ilaria Butera – Politecnico di Torino – Italy 

Guofeng Cao – University of Colorado Boulder – United States 

Eduardo Cassiraga – Universitat Politècnica de València – Spain 

Alessandro Comunian – Università degli Studi di Milano – Italy 

Nadim Copty – Bogazici University – Turkey 

Sandra De Iaco – University of Salento – Italy 

Aldo Fiori – Roma Tre University – Italy 

Chantal de Fouquet – MINES ParisTech, Universitè PSL – France 

Jaime Gómez-Hernández – Universitat Politècnica de València – Spain 

Pierre Goovaerts – BioMedware, Inc. – United States 

Dario Grana – University of Wyoming – United States 

Alberto Guadagnini – Politecnico di Milano – Italy 

Claus Haslauer – University of Stuttgart – Germany 

Harrie-Jan Hendricks-Franssen – Forschungszentrum Julich – Germany 

George P. Karatzas – Technical University of Crete – Greece 

Sara Kasmaeeyazdi – University of Bologna – Italy 

Liangping Li – South Dakota School of Mines – United States 

Gregoire Mariethoz – University of Lausanne – Switzerland 

Jennifer McKinley – Queen’s University Belfast – United Kingdom 

Alessandra Menafoglio – Politecnico di Milano – Italy 

Paula Moraga – King Abdullah University of Science and Technology – Saudi Arabia 

Julian Ortiz – Queen’s University – Canada 

Monica Palma – University of Salento – Italy 

Edzer Pebesma – University of Muenster – Germany 

Maria João Pereira – CERENA, Instituto Superior Técnico, Universidade de Lisboa – Portugal 

Pierre Petitgas – IFREMER – France 

Javier Rodrigo Ilarri – Universitat Politècnica València – Spain 

Thomas Romary – MINES ParisTech, Universitè PSL – France 

Xavier Sanchez-Vila – Universitat Politecnica de Catalunya – Spain 

Amilcar Soares – Instituto SuperiorTécnico, Universidade de Lisboa – Portugal 

Francesco Tinti – University of Bologna – Italy 

Emmanouil Varouchakis – Technical University of Crete – Greece 

Hans Wackernagel – Mines Paris Tech, Universitè PSL – France  



  geoENV2022 

 
 VI 

 

Keynote lectures 

 
Wednesday, June 22, 2022 

Carolina Guardiola Albert, Geological Survey of Spain (IGME-CSIC) 

Exploitation of InSAR ground movement measurements through geostatistics 

 

Thursday, June 23, 2022 

Leonardo Azevedo, CERENA, Instituto Superior Técnico, Universidade de Lisboa, Portugal 

Modelling the ocean with acoustic waves: a geostatistical inversion approach 

 

Friday, June 24, 2022 

Laura Poggio, ISRIC – World Soil Information, the Netherlands 

Geostatistics, machine learning and spatial patterns 

 



INDEX OF CONTENTS  geoENV2022 

* Extended abstract 
 
 VII 

 

 
BAYESIAN U-NET FOR ORE TYPE UNCERTAINTY MODELING IN COMPLEX GEOLOGICAL 
ENVIRONMENTS ............................................................................................................................................................. 1 

A GEOSTATISTICAL APPROACH FOR MERCURY SPATIAL PATTERNS ASSESSMENT IN SEDIMENTS 
IN AN OLD MINING REGION -THE CAVEIRA MINE CASE STUDY, PORTUGAL .......................................... 2 

STREAM SEDIMENTS POLLUTION: A COMPOSITIONAL BASELINE ASSESSMENT AT THE CAVEIRA 
MINE, PORTUGAL ........................................................................................................................................................... 4 

THE GEOGRAPHICAL PATTERN OF LOCAL STATISTICAL DISPERSION OF ENVIRONMENTAL 
RADON IN EUROPE* ...................................................................................................................................................... 6 

SPATIOTEMPORAL PREDICTIONS OF MULTIPLE AIR POLLUTION DATA: A CASE STUDY .................. 15 

GEOSPATIAL MODEL OF COMPOSITION OF WATER SERVICE LINES IN FLINT, MI: VALIDATION 
USING EXCAVATION DATA AND A NEW COMPOSITIONAL GEOSTATISTICAL APPROACH .............. 17 

GEOSTATISTICAL MAPPINGS OF INDOOR RADON CONCENTRATIONS DATA IN FRANCE ............... 18 

INTERPOLATED SURFACES AS MAPPING UNITS FOR BINARY CLASSIFICATION OF RADON PRONE 
AREAS: A CASE-STUDY FROM CENTRAL PORTUGAL ....................................................................................... 19 

A SPATIO-TEMPORAL MULTILEVEL MULTIVARIATE MODEL TO EVALUATE THE DETERMINANTS 
OF AIR POLLUTION IN APULIA REGION .............................................................................................................. 20 

OPERATIONAL SPATIALISATION OF HOURLY AND DAILY WEATHER DATA (AIR TEMPERATURE 
AND RELATIVE HUMIDITY) FOR AGRICULTURAL DECISION SUPPORT SYSTEMS ................................. 21 

USING OF SEQUENTIAL INDICATOR SIMULATION TO MODEL NON-STATIONARY GEOLOGICAL 
DOMAINS COMBINING WITH A MACHINE LEARNING ALGORITHM* ...................................................... 23 

AN OBJECT-ORIENTED APPROACH TO THE ANALYSIS OF SPATIAL FUNCTIONAL DATA OVER 
STREAM-NETWORK DOMAINS ................................................................................................................................ 31 

IMPLICIT GEOLOGICAL DOMAIN MODELING BY USING GAUSSIAN PROCESSES ALGORITHM* ...... 32 

TWO APPROACHES TO SCENARIO MODELLING USING THE EMBEDDED ESTIMATOR METHOD .... 40 

ANALYSIS OF TWO PRECIPITATION GAP-FILLING METHODS IN A STUDY AREA OF NORTHERN 
ITALY ................................................................................................................................................................................ 41 

A NEW APPROACH TO SIMULATE CONDITIONAL RANDOM FIELDS WITH CORRELATION TO AN 
EXTERNAL VARIABLE USING FFTMA AND P-FIELD SIMULATION .............................................................. 42 

COMBINED ANALYSIS OF SPATIALLY MISALIGNED DATA USING GAUSSIAN FIELDS AND THE 
STOCHASTIC PARTIAL DIFFERENTIAL EQUATION APPROACH. .................................................................. 43 

BIVARIATE DEEPKRIGING FOR LARGE-SCALE SPATIAL INTERPOLATION OF WIND FIELD ............... 44 

GEOSTATISTICS FOR COMPOSITIONAL DATA: COMPARISON OF LOGARITHMIC 
TRANSFORMATION METHODS IN AN IRON DEPOSIT* .................................................................................... 45 

A RIEMANNIAN TOOL FOR CLUSTERING OF GEO-SPATIAL MULTIVARIATE DATA ............................. 52 

USING GEOSTATISTICAL APPROACHES TO ESTIMATE THE RGB VALUES UNDER A CLOUD 
COVERED AREA WITHIN THE SENTINEL-2 IMAGES ......................................................................................... 53 



INDEX OF CONTENTS geoENV2022 

* Extended abstract

VIII 

SURROGATE MODELS AS MANAGEMENT TOOLS FOR THE REQUENA-UTIEL AND CABRILLAS-
MALACARA AQUIFERS ............................................................................................................................................... 54 

APPLICATION OF GEOSTATISTICS AND SELF-ORGANIZING MAPS FOR ESTIMATION OF 
GROUNDWATER LEVEL SPATIAL DISTRIBUTION IN COMPLEX HYDROGEOLOGICAL SYSTEMS ..... 55 

A COMPARISON BETWEEN BAYESIAN AND ORDINARY KRIGING BASED ON VALIDATION 
CRITERIA: APPLICATION TO RADIOLOGICAL CHARACTERISATION* ....................................................... 56 

DOES MORE INFORMATION INCLUDED IN SPATIALLY DISTRIBUTED FIELDS LEAD TO AN 
IMPROVED MATCH TO OBSERVED DEPENDENT VARIABLES? ...................................................................... 63 

A STOCHASTIC MODEL OF AN ALERT SYSTEM FOR DETECTING LOCAL ANOMALOUS INCIDENCE 
VALUES OF COVID-19 .................................................................................................................................................. 64 

SPATIALEPISIM: AN R SHINY APP FOR TRACKING INFECTIOUS DISEASES IN LOW- AND MIDDLE-
INCOME COUNTRIES (LMIC) ..................................................................................................................................... 65 

UNPACKING OCCUPATIONAL HEALTH DATA IN THE TERTIARY SECTOR. FROM SPATIAL 
CLUSTERING TO BAYESIAN DECISION MAKING* ............................................................................................. 66 

FUNCTIONAL DATA ANALYSES TO MODEL COVID-19 WAVES .................................................................... 74 

SPATIO-TEMPORAL POINT PROCESS COMPARTMENT MODELING FOR INFECTIOUS DISEASES ...... 75 

GEOSPATIAL MODELING OF NATIONAL HEALTH SERVICE DELIVERY SURVEY DATA ....................... 76 

GEOSTATISTICAL COVID-19 RISK AND UNCERTAINTY IN A SINGLE MAP WITH R OPEN-SOURCE 
CODE ................................................................................................................................................................................ 78 

MACHINE LEARNING-BASED INVERSE MODELING FOR THE IDENTIFICATION OF HYDRAULIC 
CONDUCTIVITY ............................................................................................................................................................. 79 

SEISMIC OCEANOGRAPHY IMAGING AND INVERSION OF THE MADEIRA ABYSSAL PLAIN ............. 80 

SOLVING GEOPHYSICAL RANDOM EFFECT MODELS WITH INTRACTABLE LIKELIHOODS: 
LINEARIZED GAUSSIAN APPROXIMATIONS VERSUS THE CORRELATED PSEUDO-MARGINAL 
METHOD .......................................................................................................................................................................... 81 

GEOSTATISTICAL INVERSION FOR ROCK PHYSICS PROPERTIES IN THE CRITICAL ZONE .................. 82 

ON A CONSTRUCTIVE SPECTRAL METHOD FOR CONDITIONING PLURIGAUSIAN SIMULATIONS 
TO BOREHOLES OBSERVATIONS AND INDIRECT DATA. APPLICATION TO AQUIFER MODELS* ...... 83 

EFFICIENT INVERSION WITH COMPLEX GEOSTATISTICAL PRIORS USING NORMALIZING FLOWS 
AND VARIATIONAL INFERENCE ............................................................................................................................ 92 

GEOSTATISTICAL ELECTRICAL RESISTIVITY TOMOGRAPHY INVERSION FOR GROUNDWATER 
CHARACTERIZATION ................................................................................................................................................. 93 

PERMEABILITY PREDICTION WITH GEOSTATISTICAL SEISMIC INVERSION CONSTRAINED BY 
ROCK PHYSICS ............................................................................................................................................................... 94 

GROUNDWATER CONTAMINANT SOURCE CHARACTERIZATION THROUGH ARTIFICIAL NEURAL 
NETWORKS ..................................................................................................................................................................... 95 

MODELLING THE COMPLEXITY BENEATH OUR FEET: A JOINT INVERSION FDEM AND ERT 
TECHNIQUE .................................................................................................................................................................... 96 



INDEX OF CONTENTS  geoENV2022 

* Extended abstract 
 
 IX 

 

IDENTIFICATION OF CONTAMINANT SOURCES AND PLUMES AFFECTED BY BIODEGRADATION 
AND SORPTION PROCESSES BY ENSEMBLE KALMAN FILTERS ..................................................................... 97 

ASSESSMENT OF HYDRAULIC CONDUCTIVITY FIELD USING LABORATORY SANDBOX TRACER 
TEST DATA AND AN ENSEMBLE KALMAN FILTER METHOD ........................................................................ 98 

HANDLING NON-STATIONARITY IN MULTIPLE-POINT STATISTIC SIMULATION WITH A 
HIERARCHICAL APPROACH ..................................................................................................................................... 99 

PIXEL-BASED MULTIPLE-POINT-STATISTICS PARAMETRIZATION BASED ONLY ON TRAINING 
IMAGES .......................................................................................................................................................................... 100 

GEOSTATISTICAL SIMULATION FOR OFFSHORE WIND SPEED SPATIO-TEMPORAL GAP-FILLING 101 

APPLYING MPS TO POINT DATA MERGING USING PATTERN-TO-POINT (P2P) CATALOGS .............. 102 

A GEOSTATISTICAL POINT OF VIEW ON HETEROSUPPORT AND HETEROTOPIC CO-
REGIONALIZATION OF REMOTE SENSED INFORMATION ........................................................................... 103 

REMOTE SENSING CHANGE DETECTION FOR THE APPEARANCE AND DISAPPEARANCE OF OASES 
FARMLAND IN CENTER ASIA ................................................................................................................................. 104 

MAPPING OF CRITICAL RAW MATERIALS IN BAUXITE MINING RESIDUES USING GEOSTATISTICS 
AND REMOTE SENSING ............................................................................................................................................ 105 

DETECTION OF GROUND DEFORMATION EVENTS: A METHODOLOGY FOR THE STATISTICAL 
ANALYSIS OF INSAR TIME SERIES ......................................................................................................................... 106 

DERIVING HIGH SPATIAL RESOLUTION DAILY VEGETATION INDEX IMAGES FROM SENTINEL 
AND MODIS DATA: A GEOSTATISTICAL APPROACH ..................................................................................... 107 

A NOVEL METHODOLOGY FOR THE IDENTIFICATION OF ERRORS AND SIGNIFICANT 
ACCELERATION EVENTS FROM AUTOMATIC INCLINOMETERS TIME SERIES RELATED TO SLOW 
AND VERY SLOW-MOVING LANDSLIDES. .......................................................................................................... 108 

A NONPARAMETRIC SPATIO-TEMPORAL APPROACH TO EVALUATE UNCERTAINTY IN 
GEOSTATISTICS ........................................................................................................................................................... 110 

COVARIANCE MODELING FOR SPATIO-TEMPORAL COMPLEX-VALUED RANDOM FIELDS ............ 111 

VARIABLE KERNEL ESTIMATES OF FIRST-ORDER SUMMARY DESCRIPTOR OF SPATIO-TEMPORAL 
POINT PROCESSES ...................................................................................................................................................... 112 

GEOSTATISTICAL ANALYSIS OF EXTREME PRECIPITATION RECORDS OVER NORTH-WEST ITALY
 .......................................................................................................................................................................................... 113 

A MARKED POINT-PROCESS SPATIO TEMPORAL MODEL TO UNDERSTAND FOREST FIRES IN THE 
MEDITERRANEAN BASIN ........................................................................................................................................ 114 

AN ENSEMBLE-BASED APPROACH FOR THE ANALYSIS OF SPATIALLY MISALIGNED DATA .......... 116 

ROBUST STATISTICAL PROCESSING OF LONG-TIME DATA SERIES ON SOIL-ATMOSPHERE 
INTERACTION: PRELIMINARY RESULTS ............................................................................................................. 117 

USING GEOSTATISTICAL METHODS TO HELP OPTIMIZING AN EXISTING GROUNDWATER 
MONITORING NETWORK ........................................................................................................................................ 118 



INDEX OF CONTENTS  geoENV2022 

* Extended abstract 
 
 X 

 

CRITICAL COMPARISON OF THREE COMPOSITIONAL INDICES TO TRACE GEOCHEMICAL 
CHANGES DOWNRIVER ........................................................................................................................................... 119 

A SINGLE SPATIOTEMPORAL FRAMEWORK FOR MONTHLY LOW FLOW ESTIMATION IN AUSTRIA 
– INCLUDING EMPIRICAL ORTHOGONAL FUNCTIONS, VARIABLE SELECTION, AND FUNCTIONAL 
CLUSTERING ................................................................................................................................................................ 120 

COUPLED SURFACE-SUBSURFACE HYDROLOGICAL MODEL FOR THE ESTIMATION OF NET 
RECHARGE OF THE KONYA CLOSED BASIN, TURKEY ................................................................................... 121 

IMPORTANCE OF MULTI-PARAMETER APPROACHES IN THE DEVELOPMENT OF MACHINE 
LEARNING ALGORITHMS FOR LANDSLIDE DISPLACEMENT FORECASTING ........................................ 122 

MODELING DENSITY DATA ACROSS THE IBERIAN MASSIF (PORTUGAL): RELIABILITY 
ASSESSMENT FOR ENVIRONMENTAL APPLICATIONS .................................................................................. 123 

ENVIRONMENTAL GEOSTATISTICS OF HEAVY METALS IN FINE ACTIVE SEDIMENTS OF OESTE 
ANTIOQUEÑO SUBREGION ANTIOQUIA - COLOMBIA. ................................................................................. 124 

CONDITIONED SIMULATION FOR GEOSTATISTICALTREATMENT OF SEISMIC THREAT IN 
ANTIOQUIIA STATE, NORTHWESTERN COLOMBIA. ...................................................................................... 125 

ANALYSIS OF SURFACE TEXTURE USING SPATIAL CONTINUITY INDICES: INTERPRETABILITY, 
FLEXIBILITY, AND ROBUSTNESS ............................................................................................................................ 126 

 

 



SURFACE AND SUBSURFACE HYDROLOGY geoENV2022 

121 

COUPLED SURFACE-SUBSURFACE HYDROLOGICAL MODEL FOR THE ESTIMATION 
OF NET RECHARGE OF THE KONYA CLOSED BASIN, TURKEY  
Onur Cem Yologlu (1)* - Nadim Copty (1) - Izel Uygur (1) - Mehmet Can Tunca (1) - Elif Bal (1) - Buse Yetisti 
(2) - Irem Daloglu (1) - Ali Kerem Saysel (1)

Bogazici University, Institute of Environmental Sciences, Istanbul, Turkey (1) - Universitat Politècnica de Catalunya, 
Barcelona, Spain (2) 
* Corresponding author: ncopty@boun.edu.tr

Abstract 

The accurate estimation of aquifer recharge is essential for the sustainable utilization of groundwater 
resources. This task is particularly challenging for large watersheds where the definition of the surface-
subsurface system parameters is associated with high level of uncertainty. In this paper a water flow model, 
based on the coupling of the HYDRUS and MODFLOW computer programs, is developed for the Konya 
closed basin, one of the major agricultural regions of Turkey. Groundwater levels in the semiarid basin have 
experienced rapid decline in recent years due to excessive over exploitation. The problem is exacerbated by 
the large number of unregulated groundwater extraction wells, estimated to exceed 70,000 in number, 
rendering the estimation of actual groundwater extraction rates highly uncertain. The regional model, 
covering an area of about 62,000 km2, simulates unsaturated vertical flow through the vadose zone and 
groundwater flow through the underlying aquifer system. The model combines data collected at different 
scales including point groundwater level data, meteorological data and pumping test data, as well as land use, 
surface topography and water content (GRACE) satellite data. To better define the precipitation spatial 
distribution, cokriging of precipitation and topography data was used. Groundwater extraction data were 
estimated based on historical agricultural yields and crop water demands.  Historical groundwater level data 
were used as the main calibration parameter. Results show that the model was able to reproduce the observed 
groundwater level trends of the past 2 decades.  Recharge areas are mostly located in the higher elevation 
regions of the basin with water flowing towards the central portions of the plain where intensive irrigation is 
located.  The modeling results underscore the impacts of the expansion of irrigated lands and the switch to 
more water-demanding crops on the basin’s overall water deficits.

Research financed by the InTheMED project, which is part of the PRIMA Programme supported by the 
European Union’s Horizon 2020 Research and Innovation Programme under Grant Agreement No 1923.
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