
1

Intra-ACP Climate Services and Related Applications 
Programme – ClimSA

WORKSHOP  - SADC Region 

Environmental Data Management Systems: ground legacy datasets and 

monitoring networks’ data

Ezio CRESTAZ

South Africa, Johannesburg, June 10th – 13th 2024



2

Agenda

Presentations from JRC on: 

 State-of-the-art in environmental and water ground 
data management (eg. location and time series as from 
legacy datasets, monitoring networks); 

 EMS (Environmental Monitoring System): design and 
implementation of an integrated Open (Source)* 
solution, combina spatio-temporal database and application 
for effective data management.

Q&A and discussion session - Sharing experiences and views 
on adopted data management strategies and tools, key features 
and major bottlenecks

* Further to being based upon Open Source technology, EMS database core component is also open to be 
integrated in most of leading OS and proprietary GIS, analysis and modelling environments
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Objectives

 To introduce challenges and opportunities in standardizing ground legacy datasets
and monitoring networks’ data, to promote effective data management, analysis, 
modelling and visualization

 To provide an overview of key concepts and state-of-the art in data validation, 
normalization and standardization: Electronic Data Deliverables (EDDs, US/EPA -
Environmental Protection Agency), data validation, data uploading to spatio-temporal database

 To introduce the  design and implementation of EMS, an Open Source 
Environmental Monitoring System aimed at flexibly supporting sampling/monitoring
stations and related time series (eg. meteo-climate, surface/groundwater hydrology, water 
withdrawal, environmental quality):

 environmental spatio-temporal database

 data validation, editing, visualization for spatio-temporal exploratory analysis applications
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Environmental data: tensions in among scales, products and formats

Remote sensed images (eg. EU Copernicus program) and by-products

Violeto artesian well, 

Piauì (Brasil) 700 m deep

Fractured rocks in sandstone and 

carbonate rocks, Mali and Burkina Faso

Satellite image

Aereal photo Photo interpretation for 

fractures identification

Senegal transboundary river basin WEFE 

nexus assessment, water sampling
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Environmental data: challenges and opportunities in standardization

TOUR DE BABEL, Pieter Bruegel (1563)

Description P1 P2 P3

Date d'échantillonnage 15-02-2021 15-02-2021 15-03-2021

Nom du paramètre Unités

Etilbenzene µg/l < 1 < 1 < 1

Stirene µg/l < 1 < 1 Non détecté

Toluene µg/l < 1 2.6 < 1

m,p-xylene µg/l < 0.3 < 0.3 < 0.3

metil t-butil etere (MTBE) µg/l 19 7.8 6.8

 Data file formats, different tools, backup issues

 Data duplication and conflicting risks

 Parameters naming conventions (eg. parameters naming, 
synonyms, internationalisation)

 Data formatting (eg. decimal separator, date/time 
standards)
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Data standardization: EDD (Electronic Data Transfer) concept

https://www.epa.gov/sites/production/files/2016-01/documents/r2comprehensivemanual_sept2015.pdf

 Need for supporting data transfer through distinct formats 
and information systems

 Use of simple text and spreadsheet (eg. csv, MsExcel), format 
being standardized based on underlying database relational rules

 Central management of constrains on acceptable values
(eg. VVLs Valid Value Lists, database domains) 

 Data validation, errors reporting and fixing, at file level (and 
then at database level)

 Flexibility in supporting a wide range of data (meteo-
climate, hydrology, hydrogeology, etc…)

https://www.epa.gov/sites/production/files/2016-01/documents/r2comprehensivemanual_sept2015.pdf
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EDP – EDDs PROCESSING 

https://www.epa.gov/sites/production/files/2016-01/documents/r2comprehensivemanual_sept2015.pdf

 Data compilation using standard templates
and tools (eg. multiple data formats as CSV, 
MsExcel, MsAccess)

 Validate locational data (eg. already reported? 
Consistent coordinates and geographic reference 
system?)

 Validate time series data (eg. already reported? 
Correct data formats as for dates, measures?)

 Check/correct errors iteratively until clean
data set are consolidated

 Validated data are transmitted and uploaded
to centralized database

https://www.epa.gov/sites/production/files/2016-01/documents/r2comprehensivemanual_sept2015.pdf
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EDDs: proprietary solutions

EQUIS software suite from EarthSoft, firm
specialized in data management solutions, 
with applications in sectors as mining, 
water quantity, water quality, groundwater

https://earthsoft.com/

Key features include:

 Centralized spatio-temporal database, using ESRI 
geodatabase paradigms implemented on different 
advanced relational database platforms (eg. Oracle, 
PostgreSQL/PostGIS) 

 Database automatically fed-in through live data 
generation (eg. data loggers, automated pre-
processing piping)

 EDP (EDD processing) tools to validate and correct
data

 Integration with professional data analysis and 
decision support systems, eg. GIS, dashboards, 
statistical packages

https://earthsoft.com/
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Q&A and discussion session – a few key questions

 How are legacy datasets and newly collected ground data validated/managed in 
your Organizations/Institutions? What is the process governance?

 What are adopted practices as for data cleaning, validation, standardization and 
management? Any major bottlenecks and improvement needs?

 Data sharing challenges: technical and beyond (OS data? confidentiality concerns? 
institutional mandates limiting data accessibility?)

 How databases and information systems are integrated in the climate, 
environmental and water analysis/modelling processes?

 Others …
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EMS (Environmental Monitoring System): general framework

Key features include:

 Database centered system

 Integrated web apps to validate 
data, populate, edit and visualize
database content

 Open Source technology

 Flexible, database easy to be 
integrated with other OS and 
proprietary tools (GIS, 
dashboards, modelling tools)

 Application installable as both
desktop or web client-server

Base de données

spatio-temporelle

Data collection (ground, laboratory)

Data cleaning

Electronic transfer (EDD)

Spatio-

temporal

database

Spatio-temporal exploratory analysis

Web mapping

Cartography

Simulation models
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EMS database: foundation of its conceptual schema

Hydro data model (CRWR, Un. of Austin, 
ESRI): the conceptual schema upon
which the EMS database was designed
and further extended

Maidment, D. R., 2002



12

EMS database: implementation (core tables)

Localisation Mesures Types de mesures

p

-pId

 p (monitoring geometries), location of any geometry type (eg. meteo-climate station, lake)

 tsType (measurement types), hosting variable names, media and units

 ts (time series), hosting monitoring data

Implemented using the Open Source relational and spatial database platform
PostgreSQL/PostGIS, developed by M. Stonebraker in Berkeley (CA, USA), freely accessible 
since 1979, operationally used to support massive geographic databases.

Software and documentation available at https://www.postgresql.fr

https://www.postgresql.fr/
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EMS: database implementation (extended)

 Spatial data storage

 Flexible support to any relevant 
data (eg. meteo-climate, 
hydrology, quality)

 Support to environmental quality
laws and international standards 
(eg. WHO, EC)

 Standardization of system tables

 Internationalization (multi-
language support)

 Support long-term monitoring 
operationalization

 Extendable, eg. to cover contract
management
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EMS (Environmental Monitoring System): locational data validation
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EMS (Environmental Monitoring System): time series data validation
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EMS (Environmental Monitoring System): data tables editing
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EMS: dashboard case study for hydrology in Cape Town region

 Anomaly of low river discharges in the period pre-2018 Cape Town water crisis

 Low river discharges around Theewaterskloof dam (limited extent of upperstream watershed
and dam managment practices) 

Original data from DWS and delivered in the GRDC dataset
https://grdc.bafg.de/GRDC/EN/Home/homepage_node.html

https://grdc.bafg.de/GRDC/EN/Home/homepage_node.html
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EMS: dashboard case study Senegal TRB environmental quality

 Environmental quality monitoring network management and exploratory spatio-temporal analysis

 Exceedances of law/EQSs (Environmental Quality Standards)
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Extending EMS: watersheds delineation and time series aggregation

Ruzizi River Basin Niger River Basin

Ruzizi Niger

Watersheds 96 13290

Timesteps 495 495

Watersheds x timestep 47520 6578550

2. Get watershed id for selected watershed code 

code watershed

3. Get upstream watersheds or aggregated 

CHIRPS for selected watershed id 

1. Get watershed code from watershed100.tif

Query upstream watersheds and aggregated 

CHIRPS from any starting watershed in QGIS 

or pgAdmin

 Watersheds geometry and aggregated raster data (eg. CHIRPS) hosted in the EMS database

 Data and statistical info directly derived from database querying

 Mapping and exploratory spatial data analysis (eg. in QGIS, ArcGIS, R, dashboards): eg. rainfall
distribution at a given date, at a given month through the entire dataset (mean, stddev), rainfall
distribution yearly aggregated
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EMS: live demo session

 Installation/registration, data validation, editing

 Dashboard

And beyond … EMS installed to a client-server environment, main advantages being:

 Centralized database. Populate once, sharing data with all authorized people

 No need of local installation of the database nor of the application
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