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Exercise 1. Use ICPDR and DanubeGIS platform 

 

1. Purpose of the exercise: What is ICPDR and what is this function in the water management 

of the Danube River. 

Use DanubeGIS platform, is to understand basic HydroGIS platform and data mining processes. 

This exercise introduces the students to the cross-border watershed management. It is meant to be 

an exploration of the INSPIRE compatible multi-scale data sources. It is an important competence 

for students to collect professionally collected water management data on the Internet and to 

evaluate these information for a specific water management purpose 

1.1. Required knowledge  

In this practice, WEB based data published by ICPDR should be evaluated by students. The 

DanubeGIS platform supports the ICPDR in its tasks related to spatial data, and it is now open to 

public users as well – providing access to data and maps for the whole Danube Basin. 

The International Commission for the Protection of the Danube River (ICPDR) is an International 

Organisation consisting of 14 cooperating states and the European Union. Since its establishment 

in 1998, the ICPDR has grown into one of the largest and most active international bodies of river 

basin management expertise in Europe. The ICPDR deals not only with the Danube itself, but also 

with the whole Danube River Basin, which includes its tributaries and ground water resources. 

Here, you can learn more about the organisational structure of the ICPDR, its history and 

mechanisms1. 

The geographical area covered by the DanubeGIS is the territory of the Danube River Basin 

District shared by 19 countries, of which 14 are ICPDR Contracting Parties. DanubeGIS is a tool 

for integration and storage of the Contracting Parties’ relevant data resources in a harmonised 

format, and a common basis for data usage in the ICPDR. The Information Management and 

Geographical Information System Expert Group (IMGIS EG) deals with activities related to data 

collection and maps. There are more expert group, one of them the Information Management & 

GIS Expert Group. The Information Management and Geographical Information System Expert 

Group (IMGIS EG), develops and operates the DanubeGIS and supports data collection and maps 
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preparation on the level of the Danube River Basin for ICPDR reports. The IMGIS EG also 

supports the bilateral/multilateral activities related to the harmonisation of national datasets. 

The DanubeGIS is built to provide a Danube Basin-wide platform to support the ICPDR in its 

reporting tasks – such as the implementation of the EU Water Framework Directive (WFD) and of 

the EU Floods Directive (FD). Each map can also be exported as a georeferenced image file or 

accessed directly as a Web Map Service (WMS) – this allows GIS experts to use the map in any 

software supporting these standard services. The Monitoring and Assessment Expert Group (MA 

EG) is responsible for issues concerning water quality assessment and classification, including 

assessment of the ecological and chemical status according the EU Water Framework Directive. 

The MA EG supervises the operation of the Trans-National Monitoring Network including its 

analytical quality control and supports organization of the Joint Danube Surveys. 

 

Based on exercise, you should be carefully study the next publication about ICPDR 

recommendation on best agro-industrial techniques and evaluate this recommendations by written 

short essay (min. 500 word).  

The modernisation and intensification of agriculture in the new EU countries is expected to bring 

about an increase in the loads of agricultural pollutants affecting the Danube and the Back Sea. 

The agricultural water protection measures, as set out in the Joint Action Programme (JAP) as 

well as in the draft Danube River Basin Management Plan address both point and diffuse sources 

of pollution. To combat agricultural pollution, the ICPDR compiled an inventory of all relevant 

point discharges of agriculture, designed to serve as a tool for decision-makers and the local 

environmental and agricultural authorities to control pollution and improve water quality in the 

Danube. ICPDR recommendations on best agro-industrial techniques address the following issues: 

Development and implementation of good agricultural practice; Adequate use of pesticides and 

fertilisers; Proper storage and handling of manure; Proper treatment of wastewater discharges 

from farms; Reductions in run-off and erosion; Promotion of organic farming; Proper operation of 

irrigation and drainage systems; Suitable restoration, management and conservation of wetlands 
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The ICPDR has issued an additional recommendation of Best Available Techniques at agro-

industrial units that you can download below: application/pdf Recommendations: BAT for 

Agriculture Download (36.46 KB) https://www.icpdr.org/flowpaper/app/#page=1 

Danube River Basin Management (DRBM) Plan:  https://www.icpdr.org/flowpaper/app/#page=2 

The DRBM Plan aims to further protect and enhance the status of all waters, to prevent their 

deterioration and to ensure the sustainable, long-term use of water resources. It includes latest 

assessments on significant pressures, water status and a programme of measures jointly agreed by 

the Danube countries for the period 2015 until 2021. It establishes and strengthens several 

integrative principles for river basin management, including economic approaches and integration 

with other sector policies like energy, transport and adaptation to climate change. 

 

Students should be sign-up for a user account to reveal more expert system features. An advanced 

web map viewer allows those users to compose maps by combining any individual layers. In 

addition to Web Map Service , the Web Feature Service (WFS) allows download of the datasets in 

various formats, including Geography Markup Language (GML – an open interchange format for 

geographic data) and shape files. 

 

1. Figure The DanubeGIS Graphical User Interface (GUI) after personal login 
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The advanced viewer also enables users to import the geographic data web services from other 

accessible GIS servers, for example from the Joint Research Centre (JRC) of the European 

Commission or other relevant data providers. 

 

 

Exercise 2. Use DanubeGIS  metadata platform 

 

2. Purpose of the exercise: What is metadata of DanubeGIS? How can be apply the different 

elements of DanubeGIS? 

It is an important competence for students to evaluate metadata of the collected and downloaded 

water management data on the Internet for a specific water management purpose. Understand and 

be capable of applying the principles of the most important knowledge about the INSPIRE 

regulation and to be able to apply them in practise. 

2.1. Required knowledge  

Based on Wikipedia the Metadata is "data [information] that provides information about other 

data". The namespace http://www.w3.org/1999/XSL/Transform is referred to as "the XSLT 

namespace". The prefix xsl is conventionally used to refer to this namespace (and is so used both 

within this document and within the XSLT specification), but it has no special status: any prefix 

may be used. The same namespace has been used in all versions of the XSLT Recommendation. 

Names in this namespace should be used only as defined in the relevant version of the XSLT 

Recommendation. In some contexts (for example, in the names of functions or system properties) 

misuse of the XSLT namespace makes a stylesheet erroneous2. 
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2. Figure The metadata example, definition and styles 

 You should be evaluate the role of meta data in the water management of the Danube River  

 

The INSPIRE Directive aims to create a European Union spatial data infrastructure for the 

purposes of EU environmental policies and policies or activities which may have an impact on the 

environment.  

This European Spatial Data Infrastructure will enable the sharing of environmental spatial 

information among public sector organisations, facilitate public access to spatial information 

across Europe and assist in policy-making across boundaries. INSPIRE is based on the 

infrastructures for spatial information established and operated by the Member States of the 

European Union. The Directive addresses 34 spatial data themes needed for environmental 

applications. The technical guidance read more https://inspire.ec.europa.eu/Technical-guidelines3 
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3. Figure Relationship between INSPIRE Implementing Rules and Technical Guidance3 

Technical Guidance documents define how Member States might implement the Implementing 

Rules described in a Commission Regulation. The Directive came into force on 15 May 2007 and 

will be implemented in various stages, with full implementation required by 2021. In the next 

stages we are focusing on the application of INSPIRE for water management tasks. 

To ensure that the spatial data infrastructures of the Member States are compatible and usable in a 

Community and trans-boundary context, the Directive requires that common Implementing Rules 

(IR) are adopted in the following areas. Metadata; The interoperability and harmonisation of 

spatial data and services for selected themes; Network Services; Measures on sharing spatial data 

and services; Co-ordination and monitoring measures. XML Schemas combined with the XML 

Schema implementation of ISO 19119 as published by the Open Geospatial Consortium (OGC) 

for providing all the required metadata elements of the relevant INSPIRE Regulations in an XML 

format. This clarification in the level of abstraction of the technical requirements was carried out 

to emphasise that the XML encoding of the metadata based on ISO 19139 standard is required in 

order to be compliant with this technical specification. XML Path Language (XPath) is a W3C 
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Recommendation for addressing parts of an XML document.4 Data sets and the Spatial Data 

Services providing them need to be discoverable by the people requiring the provided information 

to be available. In INSPIRE the discoverability of these resources is based on two equally 

important things: the data and service providers describing their resources using the metadata 

elements according to rules mandated by the INSPIRE Regulations, and on the other hand, the 

Discovery Services providing online access to query the provided metadata. 

A RESTful Web service that can be invoked by http request to validate INSPIRE Metadata has 

been created by the JRC (http://inspire-geoportal.ec.europa.eu/validator2/). 

 You should be select a country based on INSPIRE in your Country – Map service: 

https://inspire.ec.europa.eu/inspire-your-country-map/27543 

https://inspire-dashboard.eea.europa.eu/dashboard/app/kibana#/dashboard/89b2d4a0-2c25-

11e7-8cd9-338183f2da0f?_g=h@b3c0c20&_a=h@f5c1e80 

 

 and evaluate INSPIRE practise. What is your opinion about MAP data policy of water 

management (openess of data source)? 

ArcGIS for INSPIRE extends ArcGIS to help you meet current requirements for delivering 

INSPIRE Discovery, View, and Download Services without complex data migrations. 

ArcGIS for INSPIRE includes: ArcMap extension to create and maintain INSPIRE geospatial data 

and metadata; ArcGIS Enterprise extension to serve INSPIRE View and Download 

services.;INSPIRE-compliant geodatabase templates for extracting, transforming, and loading 

(ETL) geospatial information from existing databases into INSPIRE geodatabases; Open source 

Esri Geoportal Server and add-ons to catalog and index INSPIRE metadata and to serve INSPIRE 

Discovery services. 

INSPIRE Metadata Directive—This style allows you to view and edit a complete ISO 19139 

metadata document in Arccatalog nevironment that adheres to the INSPIRE Implementing Rules 

and validate it using the ISO 19139 XML Schemas. A metadata standard is a document 

identifying content that should be provided to describe geospatial resources such as maps, map 

services, vector data, imagery, and even nonspatial resources such as tables and tools that are 
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relevant to your spatial work. A metadata standard may also provide an XML schema describing 

the format in which the content should be stored. Typically, a standard XML format is defined 

using XML Schema or document type definition (DTD). Standards are typically ratified by 

national or international standards bodies. Organizations can create and share metadata on all of 

the items supported by ArcGIS Online including web maps, web scenes, web apps, layers, 

uploaded files, and tools. When you publish hosted feature layers, metadata associated with the 

data is made available with the layer. 

 

4. Figure INSPIRE compatible Meteadat editor in ArcCatalog environment 

Metadata can be created and edited using a web-based editor and viewed as HTML in a separate 

browser tab. Metadata is viewed with the style selected by the organization. Currently, 

organizations choose one metadata style for creating, editing, and viewing metadata. 

Organizations can change the style without losing the metadata. 

The web-based editor uses the ArcGIS metadata format. The fields available for editing in the web 

editor are determined by the style configured by the organization. The ArcGIS metadata format 

contains fields that can store all content in all metadata standards supported by ArcGIS. In ArcGIS 

Online, when student publish a shapefile that contains metadata or a file geodatabase that contains 

feature classes and tables with metadata, that metadata is included in the hosted feature layer, and 

you can view each layer's metadata on the feature layer's item page in ArcGIS Online.5 
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 Use the XSLT Transformation geoprocessing tool from ArcMap with one of the following 

style sheets to export the metadata content to a stand-alone metadata XML file in the 

ArcGIS metadata format: exact copy of.xslt, remove local storage info.xslt, or remove 

local storage info strict.xslt. The metadata XML file can be opened in the web editor and 

used to update the metadata for the hosted layer. 

 You have to open a hydrological *.shp file and edit an INSPIRE compliant metadata 

description after this exporting in xml format. 

 

 

Exercise 3. Use DanubeGIS datasets 

 

3. Purpose of the exercise: How can be prepare owner map and apply the different data queries 

of DanubeGIS? 

It is an important competence for students to evaluate layers of the collected and downloaded 

water management data on the Internet for a specific water management purpose. Understand and 

be capable of applying the principles of the most important knowledge about the cross border 

watershed. 

3.1. Required knowledge  

 

The user menu provides the following items: Log in form: direct log in with user name and 

password; Register: public users can sign up for a user account; this is not relevant for nominated 

users of the ICPDR 

The main menu provides the following items: Home [expert]: overview page including current 

data submissions required, latest forum topics, template and dataset updates; Templates [expert]: 

list of templates with their download links; Datasets [expert]: list of datasets with their download 

links; Validate Metadata [expert]: metadata can be tested without dataset upload; Upload [data 

input]: upload and edit form for datasets o Overview [expert]: matrix of datasets and spatial 
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extents showing different values (e.g. latest update, number of records, classification, errors, 

metadata elements) for a selected report or date; 2 nd level dataset checks [expert]: list of defined 

validation rules with their type, priority, related templates and links to their details o Data requests 

[data input]: list of data access requests and their states; Reports [expert]: list of reports with links 

to their details and related templates and datasets o Queries [expert]: list of database queries with 

links to their results; Maps o Published Maps: list of all publicly available maps (for public users: 

listed directly under “Maps”); Layers [registered]: list of all available layers (content depends on 

user’s role); Advanced Viewer [registered]: GeoExplorer provides functions to combine layers 

from DanubeGIS and also external map servers on the same base map, identify features, query 

attribute data of layers, measure length and area o Draft Maps [expert]: working maps prepared 

and saved with GeoExplorer; 

Documentation [expert]: download links to templates documentation, data policy, metadata 

guidance, data upload guidance and any other related system documentation; Forums [data input]: 

forums for discussion of issues related to the use of the system; Users [expert]: list of registered 

users with their e-mail, roles, groups, spatial extent, create date, last login date and status 

(active/blocked); Logs [expert]: list of system events such as template changes, dataset uploads, 

dataset downloads and access grants 

 

The IT infrastructure of the DanubeGIS consists of a file repository, a database 

(PostgreSQL/PostGIS) and a map server (GeoServer). The following graph and chapter describe 

the basic elements which form the DanubeGIS as a system. 
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5. Figure Relational connection of DanubeGIS system elements  

Templates in DanubeGIS are mostly empty shape files (.SHP) which define the common data 

structure. Templates are designed by the IMGIS EG in cooperation with the relevant expert 

groups. They are implemented by the ICPDR Secretariat (system administrators). Templates are 

downloaded by the data input users, filled with relevant national data and uploaded as datasets into 

the system. Templates are described in detail in the DanubeGIS Templates Documentation. 

Additionally to shape files, some templates for specific datasets have been implemented as Excel 

(.XLSX) files. The documentation of these templates is included directly in the Excel files. 

 Select the Templates entry in the main menu to see the list of DanubeGIS templates. 

 Here you can download one template at a time or all of the current templates at once. 

 

Datasets in DanubeGIS are uploaded by the national data input users for their spatial extent. Their 

structure must conform to the respective template – this conformity is checked by the system 

during upload (1st -level validation). Any datasets passing this check, are imported into the 

respective tables of the so-called “current” database, overwriting any previous dataset of the same 

spatial extent. 2 nd –level checks are run automatically after this import providing more details on 

completeness, consistency and other data quality criteria. All submitted datasets are kept in the file 

repository for documentation purposes and can be used to generate database snapshots from any 

point in time. 
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 Reports in DanubeGIS are a defined set of templates with a reporting time range. System 

administrators can create database snapshots based on a report. This way, draft report snapshots 

can be generated during the reporting period and final report snapshots can be generated after the 

reporting deadline. 

Queries in DanubeGIS are tables or graphs which can be displayed and exported by expert users. 

Queries are selections, combinations or aggregations of data (i.e. SQL SELECT statements) in the 

“current” or any report snapshot database. Queries are created by system administrators and can 

be used to generate views in the database and layers on the map server. Queries are also used to 

limit the spatial extent of data depending on the current user’s role and data grants and the 

underlying dataset’s classification 

Maps are combinations of several layers for a specific topic. Maps in DanubeGIS can be displayed 

in a simple or advanced Web Map Viewer. Published maps of final report data are defined by 

system administrators in GeoServer as layer groups. Draft maps for expert users can be defined in 

the Advanced Web Map Viewer (GeoExplorer). 

 Layers are the basic elements of maps, visualising the spatial data. Layers in DanubeGIS can be 

displayed in a simple or advanced Web Map Viewer and exported in various formats as images 

(Web Map Service) and datasets (Web Feature Service) in accordance with the data policy.The 

data of layers is retrieved from a table (defined by a template) or a view (defined by a query) of 

the current or any report snapshot database. System administrators can generate layers based on 

report definitions in the map server (GeoServer). The visualisation is defined by system 

administrators in SLD styles in GeoServer. The privilege to download datasets from the file 

repository is additionally limited to the spatial extent of the user in case of expert users. A user can 

have multiple spatial extents, e.g. for sub-basin activities. 

 You can use any standard web browser to access the website at https://www.danubegis.org. 

 To get access to additional functions (see chapter 1.2), you have to log in with your 

username and password from Danubis. The user accounts are maintained in Danubis 

The template information is downloadable on this site: 

https://www.danubegis.org/system/files/DanubeGIS_Templates_Documentation_v4-6.pdf 
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6. Figure Published maps query of DanubeGIS web map service 

Click on any point on the map to get a list of features located there and their attribute data. 

 

7. Figure Nitrogen pollution attributive data based on Moneris model 

Select the Layers sub-menu entry to show the list of all available layers (content depends on user’s 

role). Click on the Layer Name to view any of the layers. 

In the next individual tasks you should prepare a short essay (min. 700 word)  and use DanubeGIS 

map server.  

 Your task is to compare the phosphorus and the nitrogen loads of the Danube River basin, 

try to find out the possible causes.  
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 How do you evaluate the situation of efficiency wastewater treatment in different regions? 

 How appropriate is the Moneris model for assessing water quality. What are the 

advantages and disadvantages of the model? You can download Manual of Moneris  WEM 

inst server or http://www.icpdr.org/flowpaper/app/#page=1 

 What is the role of agriculture in the non-point and diffuse pollution of surface and ground 

waterbodies. You should evaluate each country's practice. Suggested for you to carefully 

study the following documents of ICPDR web link. http://www.icpdr.org/main/activities-

projects/agriculture-and-diffuse-pollution  

 

The advanced web map viewer GeoExplorer provides functions to combine any layers from 

DanubeGIS, and also from external map servers - on the same base map; to identify features, 

query attribute data of layers, and measure length and area 

 

8. Figure Geoxplorer provides layer combinantions about Dunabe watershed 

 

The DanubeGIS is implementing geo-information services on the web, respecting the 

requirements of the EC INSPIRE directive principles. DanubeGIS expert users have the direct 

download rights for DanubeGIS individual or multiple country datasets, from the file repository. 
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At the same time, DanubeGIS student users also have access to DanubeGIS data via OGC-

compliant web services. These services are based on the data stored in the DanubeGIS database 

schemas that are reflecting final report datasets (e.g. DRBMP2015 or DFRMP2015). 

For each map, upon selecting the Map title, the WMS links are available, to export a map image in 

GeoTIFF, JPG, PDF, PNG, SVG or TIFF format. 

For each layer, upon selecting the Layer name the WMS links are available to export layer images 

(same types as for maps). For each style that was used for map publishing there is a separate 

WMS option (e.g. for UWWT there are 4 styles – related to 4 scenarios that were published in 

DRBMP 20115). WFS links are available to export layer data in CSV, GML2, GML3, JSON or 

SHP format. 

The self-registered users may have access rights, based on each dataset classification, or based on 

individual access rights granted upon request. 

To access DanubeGIS WMS services, using third-party GIS software, You can access the 

DanubeGIS WMS services using GIS or CAD software or through other web portals that provide 

the capability to connect to the OGC-compliant WMS services. In order to connect to the 

DanubeGIS server, you have to provide the following URL: 

 https://www.danubegis.org/geoserver/wms  

 You should be connect to the DanubeGIS GeoServer WMS services, and to eventually 

select one or more services (maps or individual layers) that you want to view/explore in 

your software. 
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9. Figure The setup of DanubeGIS WMS dataserver in ArcGIS environment 

WMS service of DanubeGIS is available from this site 

https://www.danubegis.org:443/geoserver/PubLayer/ows/?service=wfs&version=1.0.0&&request=GetFeature&typeNa

me=PubLayer:DFRMP2015.FloodHazardArea&outputFormat=shape-zip&format_options=CHARSET:UTF-8 

Use ArcGIS WMS to create spatial queries about decision factors from this list that affect water 

quality in the River Tisza: Tisza River Water Body Nodes; Tisza Surface Water Monitoring 

Stations; Tisza Hydrological Alterations - Impoundments - Affected river water bodies; Tisza 

Number of Groundwater Monitoring Stations per Countries; Tisza Morphological alterations and 

measures by countries; Tisza Lake Water Bodies; Tisza Flood Hazard Areas; Tisza Future 

Infrastructure Projects – List; Tisza Morpholigical alteration to water bodies Tisza, TRBD 

tributaries and TRBD; Tisza Surface Water Monitoring Stations Numbers and Types per Water 

Bodies; Tisza Interruptions of river continuity - 2015 & 2021, restoration measures and 

exemptions; Tisza Hydrological Alterations - Impoundments - 2015 & 2021, measures, 

exemptions by countries; Tisza Hydrological Alterations - Impoundments - Number and length of 

impoundments on Danube and tributaries; Tisza Hydrological Alterations - total numbers per type; 

Tisza Interruptions of river continuity - main usages by country - Number of barriers; Tisza 

Surface Water Monitoring Stations Numbers and Types per Countries; Tisza Hydrological 

Alterations - affected river water bodies; Tisza Hydrological Alterations - Water Abstractions - 

2015 & 2021;Tisza Alterations of River Continuity for Fish Migration; Tisza River Water Bodies 

list all attributes; Tisza Protected Areas – Birds; Tisza Hydrological Alterations - Hydropeaking - 

2015 & 2021;Tisza Wetlands/floodplains to be reconnected or with reconnection potential - area 

in ha; Tisza Current situation on river continuity interruption for fish migration in the TRBD; 

Tisza Hydrological Alterations - Water Abstractions - 2015 & 2021;Tisza Morphological 

alterations of river water bodies; Tisza Interruptions of river continuity - 2015 & 2021, restoration 

measures and exemptions by country; Tisza Hydrological Alterations - Water abstractions - 

Number of significant water abstractions by country; Tisza Groundwater Stations list and 

parameters; Tisza Hydromorphological alterations and chemical pressures affecting TRBD lake 

water bodies; Tisza Morpholigical alteration to water bodies Tisza, TRBD tributaries and TRBD; 

Tisza Interruptions of river continuity - River water bodies affected and restored by 2021;Tisza 

Hydrological Alterations - Hydropeaking - Affected river water bodies; Tisza 



  

  

 

19 

Wetlands/floodplains with reconnection potential; Status Assessment of Tisza Surface Water 

Bodies; Tisza River water bodies - Heavily modified, artificial and natural in numbers; Tisza 

Hydrological Alterations - Impoundments - 2015 & 2021;Tisza Protected Areas – Habitats; Tisza 

Number of Groundwater Monitoring Stations per GWBs; Tisza Number of Groundwater Bodies 

per Countries; Tisza Wetlands/floodplains which are reconnected or with reconnection potential - 

areas (ha);Tisza Interruptions of river continuity. 

 

 

Exercise 4. Use Global Precipitation Measurement (GPM) system 

 

4. Purpose of the exercise: How can be prepare owner GPM data? 

It is an important competence for students to download and evaluate layers of the collected and 

downloaded on the Internet for a specific water management purpose. Understand and be capable 

of applying the principles of the most important knowledge about the cross border watershed. 

4.1. Required knowledge  

About 75 percent of the energy (or heat) in the global atmosphere is transferred through the 

evaporation of water from the surface, primarily from the oceans. The movement of water by 

precipitation, infiltration, transpiration, runoff and subsurface flow redistributes water around the 

globe other Earth systems requires a global view. Energy, in the form of latent heat, is absorbed or 

released when water undergoes a phase change. For example, when water vapor in the atmosphere 

condenses into clouds latent heat is released—warming the atmosphere. Water, in all its forms, is 

difficult to measure consistently around the globe. Rain, snow and other precipitation types, such 

as hail and sleet, vary greatly over land and oceans. Obtaining reliable ground-based 

measurements of precipitation, from rain gauges for example, often presents a challenge due to 

large gaps between monitoring instruments on land, and even larger gaps over oceans. Satellite 

observations from space, however, cover broad areas and provide more frequent measurements 

that offer insights into when, where and how much it rains or snows worldwide. 
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The Global Precipitation Measurement (GPM) mission is an international partnership co-led by 

NASA and the Japan Aerospace Exploration Agency (JAXA). The mission centers on the 

deployment of the GPM Core Observatory and consists of a network, or constellation, of 

additional satellites that together will provide next-generation global observations of precipitation 

from space. The GPM Core Observatory will carry an advanced radar/radiometer system and 

serve as a reference standard to unify precipitation measurements from all satellites that fly within 

the constellation from approximately 35° north latitude (e.g., the Mediterranean Sea) to 35° south 

latitude (e.g., the southern tip of South Africa). 

The GPM constellation will provide measurements on the: intensity and variability of 

precipitation; three-dimensional structure of cloud and storm systems; microphysics of the ice and 

liquid particles within clouds; and amount of water falling to Earth’s surface. 

Observations from the GPM constellation, combined with land-surface data, will improve: 

weather forecast models; climate models; integrated hydrologic models of watersheds; and 

forecasts of hurricanes, landslides, floods and droughts.  

The GPM Core will carry two instruments: the GPM Microwave Imager (GMI) and Dual-

frequency Precipitation Radar (DPR). These instruments will collect improved observations that 

will allow scientists to better “see” inside clouds. The GMI has the capability to measure the 

amount, size, intensity and type of precipitation, from heavy-to-moderate rain to light rain and 

snowfall. 
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10. Figure 3D cloud datastructrure of DPR/GPM ( source: NASA) 

Red, orange and yellow shades indicate heavy-to-moderate rainfall while green and blue shades 

indicate light rainfall. The scan of the Ka-band radar frequency is nested within the wider scan of 

the Ku-band radar frequency. 

Improved observations of precipitation size, shape and distribution will offer scientists insight into 

the microphysical processes of precipitation and help to distinguish between regions of rain and 

snow. They will also provide bulk precipitation properties such as precipitation intensity, water 

fluxes and amount of water content. 

GPM precipitation datasets will be freely available for download from the PPS website at 

pps.gsfc.nasa.gov. 

 You should be write a brief review to explain why you consider the system described 

above to be useful in reducing the risks of climate change. 

Better Agricultural Crop Forecasting: The agricultural community needs to know the timing and 

amount of precipitation to forecast crop yields and warn of freshwater shortages that might affect 

irrigation and production. Satellite data from the GPM mission will provide global precipitation 

estimates over land that can be incorporated into forecast models. 



  

  

 

22 

 You should download and install STORM tool. 

STORM (https://storm.pps.eosdis.nasa.gov) is a publicly available Web-based data access 

interface for the Global Precipitation Measurement (GPM) Mission's Precipitation Processing 

System (PPS).  

 

11. Figure STORM datasets 

4.2. Required knowledge GIS version of realtime IMERG, 

 

To download the GIS version of realtime IMERG, visit 

ftp://jsimpson.pps.eosdis.nasa.gov/data/imerg/gis/ using a web browser. Alternatively, connect to 

jsimpson.pps.eosdis.nasa.gov using some other FTP client such as the Linux "ftp" command and 

then go to the "data/imerg/gis" directory. Within the data/imerg/gis directory, the mostrecent year 

of Late IMERG GIS files are placed in the "01" through "12" subdirectories which indicate 

January through December. Previous years of Late IMERG GIS are placed in the yearmonth 

(yyyy/mm) subdirectory tree of "data/imerg/gis". The Early IMERG GIS files are all placed in the 

"data/imerg/gis/early" directory. The most-recent month of Early IMERG GIS is placed directly in 

"data/imerg/gis/early". Previous months of Early IMERG GIS are placed in the year-month 

(yyyy/mm) subdirectory tree of "data/imerg/gis/early". 
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Each IMERG GIS grid is stored in a separate TIFF file. A TIFF file has a *.tif file extension. For 

GIS software to properly display the TIFF file, download from PPS the *.tfw WorldFile metadata 

file whose basename matches the TIFF file. The basename is the portion of the filename that 

appears before the *.tif or *.tfw filename extension. A WorldFile is a small 7 ASCII text file that 

contains geographic metadata. The *.zip compressed files on the PPS FTP contains pairs of TIFF 

and WorldFile files6. 

IMERG HDF5 files and IMERG GIS files have geographic boundaries of 90°S to 90°N latitude 

and 180°W to 180°E longitude. In Version 4 IMERG, which was released in early 2017, IMERG 

reports missing values for grid boxes near the poles (60°S to 90°S and 60°N to 90°N). Future 

versions of IMERG may begin to report precipitation estimates near the poles. IMERG has a 0.1° 

spatial resolution. The southernmost grid boxes cover areas bounded by 90°S to 89.9°S latitude. 

The westernmost grid boxes cover areas bounded by 180°W to 179.9°W longitude. 

 First, download the *.tif and *.tfw files from the PPS FTP site.  

 Start ArcMap. Choose Add Data from the File menu or click on the Add Data button. 

Browse to the *.tif file of interest and click the OK button. ArcMap will locate the 

accompanying *.tfw file that you placed in the same directory. After selecting a *.tif file, 

click No if you see a pop-up window asking if you want to create data pyramids. Click OK 

if you see a pop-up window that warns that the spatial reference is unknown.  

 The data will display correctly in ArcMap despite these warnings. After you dismiss these 

pop-up windows, the data will appear as a new layer listed on the left side of the ArcMap 

window. Assuming that you are looking at a precipitation variable (instead of a percent 

variable), follow these steps. Adjust ArcMap's colour table to improve how the 

precipitation data is displayed. To do so, right-click on the name of the layer to bring up 

the Layer Properties window. Click on the Symbology tab if it is not already selected.  

 Change the colour ramp from the default grayscale to a rainbow scheme or some other 

colour ramp of your choice. Click the checkbox next to Display Background Value, so that 

locations with zero precipitation have the background colour showing. In the Symbology 

tab of the Layer Properties window, scroll down to near the bottom in order to see the 

Stretch section. These settings are only suggestions, but it is important to choose values for 
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these fields carefully because they have a significant effect on how the data appears in 

ArcMap. First, change the Stretch Type from the default "PercentClip" to "Minimum-

Maximum" . Second, change the default Statistics field from "From Each Raster Data set" 

to "From Custom Settings ". 

 

12. Figure The settings for the ArcMap Stretch window. 
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13. Figure For IMERG GIS precipitation fields, suggestions of values to enter for the minimum and 

maximum fields of the Stretch section of the Symbology Tab of ArcMap's Layer Properties window. 

If you wish to display the percent-liquid IMERG GIS file, then follow the same 22 instructions as 

above for precipitation fields, except for the following differences. Near the bottom of the 

Symbology tab of the Properties window, set the minimum and maximum of the colour table to 0 

and 100. Near the top of the Symbology tab of the Properties window, do check off the Display 

Background Value field, but enter 255 instead of 0 for the value to be displayed as background. In 

the percent-liquid field, 255 indicates that zero precipitation was reported and therefore no 

percentage of liquid vs. total precipitation could be calculated. Often, you may want to display 

multiple phases of precipitation using the same mapping of data to colour table. To do so in ESRI 

ArcMap, repeat the display procedure outlined above for each IMERG GIS file. As you do so, 

make sure to use the same minimum and maximum values and the same gamma stretch factor7. 

Read more details: https://pps.gsfc.nasa.gov/Documents/README.GIS.pdf 
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The goal of this website is visualizing Global Precipitation Measurement (GPM) data as soon as 

the data are available. The Near Real-Time (NRT) moniker refers to the minimal delay between 

the data acquisition and delivery. The GPM Microwave Imager data are available in 5-minute 

increments; the Dual-frequency Precipitation Radar (DPR) and Combined (CMB) data are 

available in 6-minute increments; the IMERG-Half Hour "Early" data are available in 30-minute 

increments. A total of 24 hours are available at any given time. Control the rate of satellite 

progression (for GMI, DPR, and CMB) using the time widget in the bottom-left. 

Exercise 5. Use Earth Observation Portal (EOP) system 

 

5. Purpose of the exercise: How can be prepare owner EOP data? 

It is an important competence for students to download and evaluate layers of the collected and 

downloaded on the Internet for a specific water management purpose. Understand and be capable 

of applying the principles of the most important knowledge about the cross border watershed. 

5.1. Required knowledge  

A set of 'Essential' EUMETSAT Data is freely available to all users, as defined in the 

EUMETSAT Data Policy. All 'non-essential' data, as defined by the EUMETSAT Data Policy, are 

subject to T&C. The type of licence required depends upon the selected Data Usage and the set of 

Non-essential, or Licensed Data you wish to receive. 

 

 To access the Earth Observation Portal (EOP) for the first time, users need to create an 

account. Once the account has been created, users can log in to view and modify their 

profile, service subscriptions and licence arrangements. 

 In the Earth Observation Portal (EOP) click on the New User — Create new account link. 

 Once your account has been created, you will receive an email notification with a link to 

activate your account. You will then be able to log in to your account. 
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 Complete the registration process, including selecting the services you want. If you require 

any form of decryption hardware and/or software in order to receive data, you can order 

these as part of the registration process. 

 Once you have completed the registration process, we will contact you to confirm the 

payment of any decryption hardware and software you may have requested; to discuss any 

licensing matters, and to acknowledge the activation of any service subscriptions. 

 Your registration will grant you automatic access to our Data Centre. No additional 

subscription will be required for this services. 

 To access the Data Centre and Copernicus Online Data Access (CODA) service, you have 

to request the access to the service from My Data Access in Earth Observation Portal 

(EOP).  

 Click on STORM/TOOL and click on the GPM Near Real Time Viewer enables 

(https://storm.pps.eosdis.nasa.gov/storm/cesium/GPMNRTView.html) the visualization of 

various variables within Level 1 GMI; Level 2 GPM Profiling Algorithm (GPROF), Dual-

Frequency Precipitation Radar (DPR), and Combined (CMB); and Level 3 IMERG Half 

Hour products. It animates the progress of the GPM Core satellite over the Earth‘s surface 

in virtual real time and will continue to animate as data are acquired for as long as the 

browser window is open. Between 15 and 30 minutes of data are visible at any given time. 

Twenty-four hours of files are available at any given time, and the interface enables 

efficient switching between time intervals within that day of data. 

 You should test the goals of this website to visualize Global Precipitation Measurement 

(GPM) data. The Near Real-Time (NRT) moniker refers to the minimal delay between the 

data acquisition and delivery. The GPM Microwave Imager data are available in 5-minute 

increments; the Dual-frequency Precipitation Radar (DPR) and Combined (CMB) data are 

available in 6-minute increments; the IMERG-Half Hour "Early" data are available in 30-

minute increments. A total of 24 hours are available at any given time. Control the rate of 

satellite progression (for GMI, DPR, and CMB) using the time widget in the bottom-left 
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14. Figure GPM Near Real Time Viewer 

 You should be open the STORM Event Viewer  

(https://storm.pps.eosdis.nasa.gov/storm/cesium/EventViewer.html?position=125.92,8.83,

1199999&view=6.28,-1.00,6.28&fname=20181029-S015713-E022712) to combine DPR 

and GMI data to provide both surface and 3D precipitation rate values. In the STORM 

Event Viewer, GMI maintains the same precipitation rate color scheme used in STORM 

VG, but DPR is given a different color scale to contrast the vertical values with the surface 

values. Because it can be difficult given all of the data points to assess verticality within 

storms, Event Viewer gives users the ability to change the color scheme for DPR from 

precipitation-based to altitude-based, highlighting deep convection and "hot towers" in 

tropical systems. 

 You should be download European Medicane 20180928 storm event. Called a Medicane 

because it has the appearance of a Hurricane in the Mediterranean Sea, this storm actually 

is more similar to a sub-tropical cyclone or a closed low, given strength by contrasts 

between the warm waters of the Mediterranean and the cooler air above it. This is not to 

diminish their impact, however, as this storm is likely to bring sustained winds near 

hurricane force to southern Greece as it travels slowly north-westward. It will also 

consolidate intense storms that will bring over 8 inches of rainfall to large portions of the 

Adriatic. 
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15. Figure STORM Event Viewer   

• You should be open the STORM Swath-Based Analysis Tool: 

https://storm.pps.eosdis.nasa.gov/storm/Analysis.jsp  

This tool enables comparisons between domain-aggregated values from different GPM 

and Partner Instruments. Select one or more instruments, a date range, and a geographic 

domain. The tool will display statistical values on an interactive graph, with the ability 

to change what statistics, what instruments, and what colors are displayed. All values 

are aggregated from swath pixels within the geographic domain selected. The Swath 

Analysis Tool gives users the ability to generate time series of basic statistics from 

Level 2 products for any geographic domain. The available statistical properties for the 

variable "Surface Precipitation" include mean, conditional mean, median, maximum, 

standard deviation, percent of pixels with precipitation, and total swath pixels in 

domain. The chart generated is fully interactive and contains the ability to jump from a 

data point to the STORM Virtual Globe visualization of the product. It can be exported 

as an image, and the data can be exported as a CSV file, either all of the data or just 

what are visible in the chart. 
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16. Figure STORM Swath-Based Analysis Tool 

 

 

Exercise 6. Use MODIS Terra system 

 

6. Purpose of the exercise: How can be prepare owner Evapotranspiration data time series data 

source? 

It is an important competence for students to download and evaluate layers of the collected and 

downloaded on the Internet for a specific water management purpose. Understand and be capable 

of applying the principles of the most important knowledge about the cross border watershed. 

6.1. Required knowledge  
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Evapotranspiration (ET) is the combined term to describe the water loss occuring by the processes 

of evaporation and transpiration. For vegetated surfaces, its refers to the water consumed by plants 

over a period of time. Calculation of ET is typically based on the conservation of either energy or 

mass, or both. Computing ET requires the estimation and combination of two complicated 

estimations; the stomatal conductance of the vegetation to derive transpiration and evaporation 

from the ground surface. 

The MOD16 ET satellite algorithm runs on a daily basis, and temporally, the daily ET is the sum 

of ET from daytime and night. Vertically, ET is the sum of water vapor fluxes from soil 

evaporation, wet canopy evaporation and plant transpiration at dry canopy surface. Remote 

sensing has long been recognized as the most feasible means to provide spatially distributed 

regional ET information over land surfaces. Remotely sensed data, especially those from polar-

orbiting satellites, provide temporally and spatially continuous information over vegetated 

surfaces useful for regional measurement and monitoring of surface biophysical variables 

affecting ET, including albedo, biome type and leaf area index (LAI). 

MOD16, the global 8-day (MOD16A2) and annual (MOD16A3) terrestrial ecosystem 

Evapotranspiration (ET) dataset at 0.5 km spatial resolution over the 109.03 million km2 global 

vegetated land areas designed for the MODIS sensor aboard the Aqua and Terra platforms. The 

MOD16 algorithm is based on the logic of the Penman-Monteith8 equation which uses daily 

meteorological reanalysis data and 8-day remotely sensed vegetation property dynamics from 

MODIS as inputs. 
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17. Figure Flowchart of the improved MOD16 ET algorithm. LAI: leaf area index; FPAR: Fraction of 

Photosynthetically Active Radiation9. 

 You should download 5 different time steps of specific details about the daily ET product, 

including the data files, can be found here: 

https://lpdaac.usgs.gov/dataset_discovery/modis/modis_products_table/mod17a2 

 Specific details about the annual NPP product can be found here: 

https://lpdaac.usgs.gov/dataset_discovery/modis/modis_products_table/mod17a3 

 Compare with a semiarid and humid zones and evaluate different impacts on ET (eg. land 

use, plant phenology, soil types) 
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