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1. INTRODUCTION

IGRAC (International Groundwater Resources Assessment Centre) facilitates and promotes international
sharing of information and knowledge required for sustainable groundwater resources development and
management worldwide. IGRAC’s mission is to contribute to world-wide availability of relevant information
and knowledge on the groundwater resources of the world, with particular emphasis on developing
countries, in order to support sustainable utilisation and management of the groundwater resources, to
promote the role of groundwater in integrated water resources planning and elucidate the impact of
groundwater on the ecosystems of the Earth.

Under this general objective of “promoting sustainable groundwater resources utilisation and management
by means of global exchange of knowledge”, IGRAC has developed the Global Groundwater Information
System (GGIS) and the Global Groundwater Monitoring Network (GGMN).

In this publication IGRAC has prepared an overview of the functionalities of GGIS and GGMN to be used for
work package 3 of FREEWAT - Free and open source software tools for the management of water
resources. This material will be used to train the FREEWAT trainers and to disseminate these two platforms
which are also web-based and open source.

For more information, please contact IGRAC (info@un-igrac.org) or visit our web site at www.un-igrac.org.
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2. GLOBAL GROUNDWATER INFORMATION SYSTEM - GGIS

The Global Groundwater Information System (GGIS) is an interactive, web-based portal to groundwater-
related information and knowledge. The main purpose of the system is to assist in collection and analysis of
information on groundwater resources and sharing it among water experts, decision makers and the general
public. GGIS is using open and extendable state of the art technology, allowing connecting to external data
sources and systems on the internet. The GGIS is developed based on OGCs (Open Geospatial
Consortium) international standards for geospatial data. Information uploaded to the GGIS can be shared
and easily integrated with external Geographic Information Systems (GIS) using web services (WMS/WFS).
The main page of GGIS is given in figure 1.

Home MIM ~ Help Contact Signin ~ Register

_igrac

Global Groundwater Information System (GGIS)

The Global Groundwater Information System (GGIS) is an interactive, web-based portal to groundwater-related information and knowledge. The main purpose of the system is
to assist in collection and analysis of information on groundwater resources and its sharing among water experts, decision makers and general public.

Transboundary Aquifers and
Small Island Developing States 4

g

Explore TBA-map viewer

s 7

Explore RAMOTSWA viewer

Transboundary Aquifers of the
World

The 2015 map on Transboundary Aquifers of the
World shows the information presently available on
the occurrence and extent of Transboundary Aquifers
(TBA) worldwide. The 2015 map is based on the most
recent results of an inventory of many projects carried
out around the world.

iz :
@ITWARP

The groundwater component of the Transboundary
Waters Assessment Programme (TWAP) provides
aggregated information for the main transboundary
aquifers and Small Island Developing States (SIDS). The
data includes core indicators, encompassing the
hydrogeological, environmental, socio-economic and
governance dimensions of the systems.

Read more..

GGRETA: Governance in
Transboundary Aquifers

The Groundwater Resources Governance in
Transboundary Aquifers (GGRETA) project conducts in
depth assessment of transboundary aquifers in three
case study locations: Southern Africa, Central Asia, and
Central America. This portal is developed to collect,
store, visualise and share structured information, in
order to support transboundary groundwater
governance.

Explore TWAP viewer

d ? e
¢ q

Explore GGRETA viewer

Read more...

RAMOTSWA

This map viewer contains the results from the project
the Potential Role of the Transboundary Ramotswa
Aquifer (RAMOTSWA) under the program Resilience in
the Limpopo Basin (RESILIM). Main partners: IMWI,
Botswana, South Africa. Funding: USAID.

Read more..

GO: Global Overview Global MAR Portal: Managed

Explore GO viewer

Search for information

Clobal’, .,
. Groundwatef

3 Momtmng‘ N |
Nemwork

Explore GGMN viewer

The Global Overview (GO) provides a general review of
the groundwater conditions per country. It contains a
set of aggregated groundwater-related attributes for
each country and enables to compare groundwater
characteristics between countries and search for global
patterns,

Read more.

MIM: Meta Information Module

Meta Information Module (MIM) is the reference core
of the Global Groundwater Information System (GGIS).
It contains all references documents of the GGIS, other
interesting groundwater related documents and meta
information on groundwater specialists and water
organizations.

Read more.

GGMN

The Global Groundwater Monitoring Network (GGMN)
facilitates periodic assessments of changes in
groundwater quantity and quality by aggregating data
and information from existing groundwater monitoring
networks and regional hydrogeological knowledge.
Read more.

®© IGRAC 2016, development by Geodan b.v.

Explore MAR viewer

8=y

Aquifer Recharge

This map viewer provides a global overview of MAR
case studies and their relevant parameters. The
inventory demonstrates the applicability of MAR
schemes in various climate zones and under diverse
hydrogeological conditions.

Read more.

Country and Aquifer Briefs

The information briefs provide an overview per
country, per aquifer or per small island developing
state. The main indicators and additional information
on the groundwater conditions in the respective
countries/aquifers are described.

Read more.

Open GIS webservices

IGRAC makes its data available using OGC Open GIS
Webservices.
Read more...

Figure 1: Main page of GGIS

GGIS is developed by IGRAC and is available through the link https://ggis.un-igrac.org/ggis-viewer.

It consists of several modules covering a wide range of groundwater-related information structured around
various themes. Each module has its own map-based viewer to store and visualize geospatial data in a
systematic way.

What users can do in the GGIS portal:


https://ggis.un-igrac.org/ggis-viewer/

1. Store variables, thematic maps, documents and images in a systematic way

2. Visualise geospatial data and information in a map viewer

3. Share and analyse results in a protected environment before making it publicly available (only
for the project related modules)

4. Add map layers from external sources via web map services (WMS)

5. Generate new pieces of information by creating overlays of thematic maps

6. Build advanced queries on attribute tables

2.1 META INFORMATION MODULE (MIM)

Metadata is an essential component of the data collection and sharing process. The GGIS is supported by a
meta-information module (MIM), where additional information and references can be uploaded and linked to
the data presented in the system. Groundwater specialists and organisations can upload their profiles and
documents that they wish to share with the wider groundwater community.

The MiM is envisaged as the link between the Global Overview and the Collaborative Environment of the
GGIS. In the Global Overview users can visualise the global distribution of groundwater attributes and their
overview per geographical unit (country or groundwater region). Once focused, thematically or
geographically, users can use the Meta Information Module to search for additional published information or
for the relevant organisations and experts. This could lead to the establishment of international co-operations
which in turn can be facilitated by use of the Collaborative Environment.

The main search terms in the MiM are geographical units (countries) and the groundwater related themes.
We intend to expand the search terms with international projects such as transboundary regional projects
(e.g. SADC, lullemeden, Guarani, etc), and other global groundwater-related projects. The MIM start page is
given in figure 2.

igrag rome wM- Hep Contact Signin - Register

Search for meta information

Meta Information Module (MIM) is the reference core of the Global Groundwater Information System (GGIS). It contains all references documents of the GGIS, other interesting
greundwater related documents and meta information on groundwater specialists and water organisations.

You can enter any search term to search the information you are looking for. The filter aptions on the left hand side of the page can be used to narrow down the total list of results

People (2470)

Figure 2: Meta Information Module (MIM) start page

2.2 THEMES

Within the GGIS multiple viewers are available, containing a variety of data depending on the project or
theme of the viewer. Although content varies, the structure and functionalities are the same for all viewers.
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This user manual is therefore applicable for all public and private viewers of the GGIS, including the Global
Overview (GO), and the project-related modules, like the Transboundary Water Assessment Programme
(TWAP) and the Groundwater Resources Governance in Transboundary Aquifers (GGRETA).

Groundwater information and data within the GGIS is organized per theme:

e Transboundary groundwater
e Global country data

e Project-related modules

e Managed aquifer recharge

e Smallislands

e  Groundwater monitoring

In figure 3 the main themes are shown, as presented in IGRAC’s web-site.

Themes

Transboundary groundwater

Political, institutional, socio-
economic, cultural and other
differences among countries
make the assessment and
management of intemationally
shared...

Managed Aquifer Recharge

To increase its availability and
facilitate continuous update,
the global MAR inventory is
made available free of charge
on a web-based GIS
platform...

Global Country Data

The modules within the Global
Country Data

section provide information on
country level rather than
aquifer level. The Global
Overview provides a...

Small Islands

Small Island Developing
States (SIDS) have special
physical, demographic and
economic features. Their very
reduced areas, shortage of
natural...

Project Related Information

Within several projects,
IGRAC has not only
contributed to the groundwater
assessment, but also provided
a project Information
Management System (IMS...

Groundwater monitoring

Groundwater resources are
vital for drinking water supply,
imgation, the sustainability of
wetlands and rivers as well as
many other important...

Figure 3: themes related to GGIS




2.2.1 TRANSBOUNDARY GROUNDWATERS

Palitical, institutional, socio-economic, cultural and other differences among countries make the assessment
and management of internationally shared aquifers challenging. As a United Nations centre, IGRAC provides
an independent content and process support to the assessment of transboundary aquifers (TBAS).

With one-third of humanity totally dependent on groundwater for their daily needs and 98% of the Planet
Earth's easily accessible freshwater found in aquifers, there is an urgent need for improved governance to
halt over-exploitation and degradation of this vital ‘hidden' resource. IGRAC and UNESCO-IHP have jointly
developed a global TBA map, aiming to contribute to raising awareness on the importance of the sound
governance of shared aquifer resources and to building the much needed global knowledge base.

© GBAG. © OoanStrastiiap contributors
Seale= 11660

SRR 10

Figure 4: Transboundary aquifer map 2015, as in GGIS

Within the TBA theme, users can access all the global TBA, IGRAC has published (figure 4). The most recent
one, the 2015 TBA Map, shows the information currently available on the occurrence and extent of
transboundary aquifers worldwide. There are now 592 identified transboundary aquifers (including 226
transboundary ‘groundwater bodies' as defined in the European Union Water Framework Directive),
underlying almost every nation. This 2015 special edition presents three thematic layers which overlay the
TBA map on the bottom part of the printed version (figure 5). These layers are (1) world population, (2)
climate zones and (3) the WHYMAP groundwater resources map (BGR, 2008). These background maps can
be found within GGIS under ‘other overlays’ folder.

israc Transboundary Aquifers of the World
o Special Edition for the 7% World Water Forum 2015

Figure 5: Transboundary Aquifer Map 2015 - Special edition
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2.2.2 GLOBAL COUNTRY DATA

The module within the global country data theme provides information on country level rather than aquifer

level. The Global Overview provides a general overview of the groundwater conditions per country as a set of
aggregated groundwater-related attributes. For some countries it is also possible to track back the source of

information, as well as a published ‘country brief 'with information on the related hydrogeology (India, The

Netherlands, Yemen and Bolivia).

Figures 6 and 7 give examples of data available in the Global Overview.

Layers «| GGIS homepage (@) Help 3¢ About
® = = | {= - |©)]#h query | search for a location Feature Info =%
YR Goto nd additional i -
ew Country ion s
@ & View Country information sheet
S 1 °| & e == 3
| G Share of groundwater abstracti... 2.0 |
Catalog Annual abstraction per capita 2049
Q& Annual groundwater abstraction  76.0
(2] Agricuture & economics 5 Groundwater development stress 50.0 tal
@ (L] Aquifer characteristics Share of groundwater abstracti... 9.0
@ (2] Demography | Category Groundwater development & be
33 Groundwater development use [ )
e TS Share of groundwater abstracti.. 89.0
Total GW abstraction from renewable res¢ Region code N
Tota groundviter abstraction rom renev Region india
Total GW abstraction from renewable resc Year of abstraction estimate
Total GW abstraction from non-renewable

Total GW abstraction from non-renewable

Total GW abstraction from non-renevable
Total GW abstraction from non-renewable
Total GW abstraction from renevrable resc Y

Industrial groundviater use [% of total abst
Domestic groundwiater use [% of total abs
| | »

Active layers
1 i vear of abstraction estimate -
—]
[O<1994
[J1994-1996

19971999

D20002008 o2 [ Feature Info

[=2008
[N information available

e B Go to back nd documents and additional information N
- = v | | L2oo0kn | = -
' U 59 78516265 85674 View Country information sheet (pdf)
Figure 6: Data available in Global Overview and link to Country information sheet
Layers «| GGIS homepage &) Help @ About
® = = | {= - @) #8 query | [search for alocation
igrac
NN ]
R L1 AN
| Agriculture & economics
"3 () Aquifer characteristics
@ (- Demography
@ () Groundwiater development use
@ (] Groundwater management
@ () Groundwater problems
@ (] Groundwiater qualty
=53 Groundwater quantity
) Presence of large springs [yiekd > m*/s]
Groundwiater leaving the country [km*/yez
Groundwater entering the country [km*/ye
) Groundwater abstraction [% of total wate
Aquifer characteristics
Demography
Active layers : |# ) Groundwater development use
1 @) Mean annual roundwater recharge (mmyyea. ~ Py
—_— [# (7] Groundwater management
[ <10 mmAy mar
Dm_l;“ommni;’ear H [_——I Groundwater problems
[[100-250 mmjyear # [_] Groundwater quality
250500 mmyyear B 0
[ >500 mmjyear (# [_] Groundwater quantity
[ONo information available N 3 S b
1 (% Openstrestiap (Mapquest) s 4 g Physnography s :’l::t_nl:::ﬁ
i 1 | &4 (] Boundaries o ot e
[# [ Other overlays
(=) Background maps
' None Figure 7: Data available in Global Overview and detail of data
' OpenStreetMap catalog.
' OpenStreetMap (Mapquest)
' BlueMarble (NASA)
' BlueMarble light (NASA)

11



2.2.3 PROJECT-RELATED MODULES

Within this theme, IGRAC has developed an Information Management Systems (IMS) which is based on
several projects. The IMS is a modern online GIS-based application developed to support decision makers
and stakeholders involved in the governance of aquifers (and especially those in a transboundary setting). It
allows the users to integrate, store, edit, analyse, share, and display spatial and geographic information (e.g.
maps, tables, pictures) that result from the assessment activities conducted in the framework of a project.
This information can be subsequently used as a tool to support decision makers and to create transparency
between the (international) stakeholders.

The IMS has an open and extendable architecture which facilitates the sharing of information and meets all
the requirements of international data standards. All data available in the IMS can thus be easily used in
other information systems (e.g. using the Web Map Service (WMS) and Web Feature Service (WFS) standard
protocols). Likewise, data from external sources can easily be integrated in the project-related IMSs. The
project modules facilitate groundwater data sharing either within the scope of a project - thus only between
project partners -, or making assessed groundwater information available to the general public.

All meta-information is accessible to facilitate interpretation of the assessment results. In addition, a query
tool allows selecting/filtering geographical units based on parameter and/or indicator values. Data can also
be downloaded as excel files. If project coordinators give permission, data are also available for download in
shape-file format. Some of these features are also available in the protected workspace as well as in other
modules of GGIS.

Protected Workspace and Public Viewer

The project-dedicated IMSs have two different workspaces: the Fublic viewer, freely accessible to
anyone with internet access, and the Profected workspace, which is a password-protected and
accessible only to registered and authorized project users.

In the Public viewer users are able to navigate through a map viewer and search for information
related to the transboundary aquifer by clicking directly on the geographical units of interest.
Information such as aggregated values or spatially distributed data of parameters and indicators
derived from the assessment can be displayed the interactive map viewer.

In addition to the above, the Profected workspace, registered users can visualize, edit or manage
the groundwater information related to the aquifer or region they represent within the project’s
framework. The Protected workspace has two main functionalities: 1) it allows registered users to
upload / update data themselves (map information and documents) and 2) it allows registered users
to share, visualise, analyse and discuss results before making the data publicly available.
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Within GGIS, the following project-related IMSs can be found:

Project Related Information

Within several projects, IGRAC has ot only contributed to the but also provided a project Information
Management System (IMS). These project IMS systems are modules of IGRAC' GGIS and have the objective to provide stakeholders
an online platform to consistently collect, organise, analyse and disseminate the information collected within the framework of the
project.

Related Modules

Groundwater

&
HTWAP

TRARCUADAY WATERS ASSESSUONT PROGRANME

TWAP: Transboundary Aquifers GGRETA: Govemance in RAMOTSWA IMS

and SIDS Transboundary Aquifers Welcome to the Information

The groundwater component of The main objective of the Management System (IMS) of the

the Transboundary Waters GGRETA Information RAMOTSWA project. The project
g (TWAP) System (IMS) s to ‘Potential Role of the

provides aggregated information provide users an online platform to Transboundary

for the main. consistently..

Access RAMOTSWA

IMS

Access TWAP Viewer Access GGRETA

Viewer

Figure 8: Project Relaten modules as presented in IGRAC's web-site

TWAP IMS

The groundwater component of the Transboundary Waters Assessment Programme (TWAP) provides
aggregated information for the main transboundary aquifers and Small Island Developing States (SIDS). The
data includes core indicators, encompassing the hydrogeological, environmental, socio-economic and

governance dimensions of the groundwater systems. Figures 9 and 10 present the TWAP module.

Layers 1« Project website Aquier Information Sheets GGIS homepage @) Help 3 About

HTWAP

(N G Norcdlh .
= = Atlant

Catalog About this viewer

e Oce

93 Transboundary aquiers - Groundwater |

@ () Current state indicators

TWAP i

@ (] Projected indicators - WaterGAP
@ (L] Basic parameters and variables TRANSBOUNDARY WATERS ASSESSMENT PROGRANME I
93 SmallIsland Developing States ° .
@ (2 Current state indicators I I'a G m | e iy
8 (L] Basic Parameters and variables ef £ 2 o
@) Bound: g o ot oo At o I . s *Chennal
@ CIWHYMAP data Colomba, S
%< ok Reconiang th vlue of transbounds d the fact th f the be degraded and 5
Recognizing the value of transboundary water systems and the fact that many of them continue to be degraded an e
ESf Bk o e managed in fragmented ways, the Global Environment Facilty + Assessment Prog | e
None TWAP) vias developed. The Programme aims to provide a baseline assessment that identifies and evaluates changes
Openstreetitap in these water systems caused by human activities and natural processes, and the consequences such have on
dependant human populations. The projectis the first truly global comparative assessment for transboundary
Openstreethap (Mapauest) aquifers, lakes, rivers and large marine ecosystems, as well as a thematic evaluation of the open ocean, through di
BlueMarble (NASA) institutional partnerships that hope to seed future global assessments, The project results are envisioned to assist CHE
the GEF and other international organizations in setting priorities for supporting the conservation of transboundary
BlueMarble light (NASA) - wiater systems. More information on TWAP including final reports can be found on www.geftvap.org
I PO | About this portal cean
Activedayess This portal gives access to the map based results from the Groundwater component of the Transboundary Waters
Assessment Programme. The data shown in this portal have been made available by national experts from countries
1 @I Transboundary Aquifers (TWAP Project) involved in the TWAP Groundwater project. It also includes the results from scenario analyses using the global
= WaterGAP model (University of Frankfurt, Germany) and a study on groundwater systems of small island developing
=l . states, also called SIDS (Simon Frasier University, Canada). More information on TWAP Groundwater, including.
o reports on methodology and outcomes, can be found on http://twap.isarm.ora/
1 ¥/ openstreetitap (Mapauest)
—_—

® IGRAC, © OpensStreetMap contributors

Falkland Scale=1:70M
7 §7ﬁ Islands.

Figure 9: Basic information provided on TWAP module when accessing it from GGIS
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Figure 10: Data set published in the TWAP module, Groundwater recharge (mm/year)

GGRETA IMS

The main objective of the GGRETA Information Management System (IMS) is to provide users with an online
platform to consistently collect, organise, analyse and disseminate the information collected for the TBA
assessment. This IMS operates as a data and information-sharing platform to assist the countries sharing a
TBA with the assessment and management of the aquifer. This project comprises three case studies (figure
11), each of them containing its own IMS: Trifinio aquifer system (El Salvador, Guatemala, and Honduras);
Stampriet aquifer system (Namibia, Botswana, and South Africa) and Pretashkent aquifer system
(Kazakhstan and Uzbekistan).

GGRETA Information Management System

Welcome to the information management system of the Groundwater Resources Governance in Transboundary Aquifers (GGRETA) project. The GGRETA project responds to the
pressing need of increasing the knowledge on the physical and socioeconomic characteristics of transboundary aquifers. The project conducts in depth assessment of
transboundary aquifers in three case study locations: Southern Africa, Central Asia, and Central America. This portal is developed to collect, store, visualise and share structured

information, in order to support groundwater governance in these aquifers.

You can click on the project icon in the table below to go to the public view of the GGRETA project.

Are you a GGRETA project partner? Please log in as a GGRETA registered user or contact ggis@un-igrac.org to obtain authorization credentials.

. Sharing
Project Countries
El Salvador,
= Guatemala,
Honduras
The Esquipulas-
Ocotepeque-Citald
(Trifinio) Aquifer
Botswana,
Namibia,
South Africa
!
The Kalahari-Karoo
(Stampriet) Aquifer
Kazakhstan,
Uzbekistan

The Pretashkent
Aquifer

More Information

GGRETA results indicate that the original “Trifinio Aquifer” actually consists of two individual aquifers:
the ‘Esquipulas’ in Guatemala and the ‘Ocotepeque-Citald’ shared by Honduras and El Salvador. The
aquifers are connected by the River Lempa, which contributes to the discharge and recharge of the

aquifers.

The Stampriet Transboundary Aquifer System is a large aquifer system situated in the southern part
of the Kalahari and it is shared between Botswana, Namibia and South Africa. The aquifer system is
well representative of groundwater resources in hot semi-arid regions of Africa, where groundwater is

the primary source of water.

The Pretashkent Aquifer is an artesian transboundary aquifer system shared by Kazakhstan and
Uzbekistan. A constant lowering of groundwater heads has been observed which is caused by
overexploitation. Since groundwater in the Pretashkent Aquifer is practically non-renewable this
situation calls for renewal of transboundary cooperation about sustainable use of the aquifer.

© IGRAC 2016, development by Geodan b.v.

Workspace Actions

Figure 11: Overview of the GGRETA module in GGIS, with link to the three case studies

14 GGIS & GGMN TRAINING MATERIAL FOR FREEWAT



RAMOTSWA IMS

The RAMOTSWA Information Management System (IMS) is a platform developed for the RAMOTSWA project,
which focusses on one of the most important shared aquifers of the Limpopo Basin, the Ramotswa Aquifer
which is shared between Botswana and South Africa. Figure 12 shows the Ramotswa project module.

Layers «| Pas: tected viewer Project website Documents Project workspace () Help 3 About

,”éGABORONE =

N

X

2USAID|SOUTHERNAFRICA IWMI 9 &3 . ﬂ%\

RESILIM = /Gl N o/
— N /
— e W

al S

Mosopo Nl S
5 °
iy Ramotswa data
a catchments |

- @ # Search for a locatior v
RAMOTSWA-project _igrac Z

-

5 o
4

ou
=3 Background maps
one \
[E10 openstreetmap \\
»

[¥1]® OpenstreetMap (Mapauest)

Active layers ok

1 ) Boundary of Ramotswa aquifer

[m}

1 (¥ Drainage netwiork

1
o

1 @ Gaborone dam catchment area

{ © IGRAC, © OpensStreatMap contributors
[N

0O - 10 km Scale=1:495K
26.49434, 24 72615

Figure 12: Ramotswa project module

2.2.4 MANAGED AQUIFER RECHARGE — MAR PORTAL

Managed Aquifer Recharge (MAR) represents a viable method for sustainable water management. Many
existing MAR schemes offer excellent best-practice examples that can be useful for planning and
implementation of new projects. The MAR module contains detailed information on MAR sites around the
world and regional maps on MAR suitability.

GLOBAL INVENTORY OF MAR SCHEMES

To increase its availability and facilitate continuous update, the global MAR inventory is made available in
GGIS. The inventory was first published in November 2015 and it currently features site names, coordinates,
MAR types and references. About 1200 case studies from over 50 countries from Europe, Asia, Africa, North
and South America, and Oceania were collected, analysed and compiled in this first global inventory of MAR
schemes (figure 13). In the next stages (expected late 2016), the MAR inventory will be updated by including
information on the year the MAR schemes went into operation, the annual volumes of recharge, the sources
of infiltration water, the aquifer types, the final uses of recovered water, as well as the main objectives of
each project.

The global MAR inventory is the result of data collection performed by a team of researchers from several
European institutions. All case studies, except from Europe, were collected by a team at Technische
Universitat Dresden within the framework of the BMBF-funded project INOWAS (Innovative web-based
decision support system for water sustainability under a changing climate). The European case studies were
collected and analysed by a consortium of researchers from Germany, Netherlands and Spain within the
framework of the EU-funded project DEMEAU (Demonstration of promising technologies to address
emerging pollutants in water and waste water). The visualisation of the MAR inventory is provided in a
dedicated portal in the GGIS while the whole project is supervised by the IAH-MAR Commission of the
International Association of Hydrogeologists.
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The information of the MAR global inventory is also available for download in Excel format.

Layers

Managed Aquifer Recharge Portal

s T @ sree

(5] Grounswter reseunces ane racharge
). Popuisten Count Funse Estrmstes 2015

(50 Cpensueeiig
[1]% Opemsuvesizg tiromert
(2] onettarnse reasa)

[FrSe————
(£} cew @rorose,
Active leyers. - )
14 Mimagnd st Bechan iR s+ Py oo -
- 75 77 csmn 8 32 " )
SPREADING METHODS Parages st Sxchurye () e
@ infitration Ponds and Basns —
© Flooding e
© Ditch and Furrow e -
© Bxcess ¥ngation o same end
© Reverse Dranage Cowny Coomtn
INDUCED BANK FITRATION - [
© nguced Bank Fitration AR i
ST 1o
e NSRRI Spwchi AR e Dug Viek SR Pt nmcson = © IGRAC, © ComnStraethap contributors

© ASRUASTR

© Dug Well Shafts PR injection Seale=1:70M

- lssim]
17 8418020 23091

Figure 13: MAR global inventory main page in GGIS

MAR POTENTIAL MAPS

MAR can be used to improve water security and resilience to droughts. Selecting the most suitable locations
is not straightforward. Regional MAR suitability maps are collected and shared within the portal.
Groundwater specialists are encouraged to share regional maps indicating MAR suitability to improve the
accessibility to this type of information and to provide guidance for the selection of the most suitable areas
for MAR applications.

The MAR Potential maps published in GGIS are the results of recent projects carried out in cooperation with
our partners. Not all project results are available for download in GGIS due to the choice of the data owners
themselves. The examples below (figures 14 and 15) provide an impression of the MAR potential maps
published in the GGIS.
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Figure 14: MAR potential map of South Africa
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Figure 15: MAR potential map of North Kenia

2.2.5 SMALL ISLANDS

The geophysical settings of many small islands leave them vulnerable not only to extreme climatological and
seismic events but more critically to periods of low recharge and adverse environmental impacts, including
pollution, saline intrusion and soil erosion. The SIDS module gives more information about these islands.

This theme is still in development within IGRAC and will be updated soon.
2.2.6 GROUNDWATER MONITORING

The state of groundwater resources needs to be monitored regularly to provide the basis for their
assessment and to estimate their quantity and quality. Recognizing the need for a systematic collection of
groundwater data, IGRAC took the initiative to establish the Global Groundwater Monitoring Network
(GGMN). The new GGMN version (2.0) has been launched in March 2016 and is fully operational within the
Lizard platform.

Due to the importance of this theme and the specific characteristics of this application, the various
functionalities are explored in the next chapter of this training manual.

GGMN is available via GGIS: https://ggmn.un-igrac.org/

2.3 GETTING ACQUAINTED WITH GGIS

In this session we explain some of the functionalities the GGIS offers to public users. Some other
functionalities are also available in the project related modules. Often it is also possible to set a new
customised viewer, according to the project necessities.
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GGIS VIEWER INTERFACE

For most of GGIS modules, the user interface consists of four main components (see Figure 16)

1. Layer panel

o Catalog containing all map layers with data structured in a systematic way
o Active layers panel, indicating which layers are currently visible and the associated legends

2. Main menu and tools

3. Map view to visualize the selected data on a geographic location
4. Features panel provides tabular output of the selected data.
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Fig 16: Viewer interface of GGIS TWAP
MAIN MENU AND TOOLS
The main menu is located at the top above the map view. It consists of the following tools (table 1):
Table 1: Functionalities within the main menu
Icon Tool Description
Home Home Select ‘Home'to go back to the start screen of the
03 Global Groundwater Information System.
©) Help Help Select ‘Hejp’to find manuals and videos on the GGIS.
d FAQ can also be found here.
About About’provides information on the GGIS platform
igrac

(development, contact information).

Country and aquifer briefs

Link to briefs

Link to the information briefs on the groundwater
situation per country and per transboundary aquifer.

Zoom to extent

& Zoom to previous extent.

- - Zoom to next extent.

|ﬂ= "| Measure Tool to measure a length or an area.

- - Measuring length on the ground with a line or
i Length path.
1 Area - Measuring area with a polygon.

o]

Feature info

Activate this tool and then click a point on the map
to return information about the features at that
point.
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8 Query Query Act‘|vate this tool and build advanced queries on
attributes tables.

Search for a location .. = | Search location ‘Search for a location’ will zoom to the location you are
looking for. You can search for cities, provinces and
countries.
Catalog Add layers The ‘add layers’ tool () is present in the Layer panel
Q& and can be used to add WMS layers from other
sources.

2.3.1 EXPLORING THE GO VIEWER

o Enter GGIS https://ggis.un-igrac.org/ and go to Explore GO viewer.

o Go to the main menu and select a country of interest. Explore GOviewer |

GGIS homepage &) Help 9 About

- if':’ % |@I|ﬁ Query || Search for a location ... v

o Use the zoom in/out tool on the left corner of the map viewer.

IS
o
=

Catalog
@&
@ (] Agriculture & economics R
(5 (] Aquifer characteristics
23 Demography

2| Year of population estimate
Year of teracy rate estimate
Total population
Rate of lteracy [%]

o Selectin the layer panel a map layer from the catalog.

For instance in Demography, the ‘total population’. )

Population grovith rate (%]
Population density [per km?]
8 (] Groundwater development use

@ (] Groundwater management

@ (] Groundwater problems

23 Groundwater quality

by adjusting the button to the right or to the left; -_ [ Reportd case o potuton rom ndusty

Reported cases of poliution from domestic

a [15) Reported cases of poliution from aaricuttur ~
< »

o Add a new layer from the catalog tree. Actislayees

1 (@ Total population

o Change the transparency of the map layer

[0<1000000 inhabitants

. . ¢ ] ¢ i ] - inhabitants
For instance in cher overlayg the surface water’. = pebeitebsbrismied
o Return to the main menu by clicking GGIS homepage I =0000060-100000000 Inhabtente

[ >100000000 inhabitants
[JNo information available

1 @ OpenstreetMap (Mapquest)

» GGIS homepage &) Help 99 About

= = ﬁ‘—"‘ - l@lﬂﬁ Query || Search for a location ... N
2.3.2 EXPLORING THE MIM — META INFORMATION MODULE g
~
o Enter the MIM by choosing Search for information.

o Enter a search term on interest in the search window, for instance ‘groundwater model'.

israe Home MIM ~ Help Contact Signin » Register

Search for meta information

Meta Information Module (MIM) is the reference core of the Global Groundwater Information System (GGIS). It contains all references documents of the GGIS, other interesting
groundwater related documents and meta information on groundwater specialists and water organisations.

You can enter any search term to search the information you are looking for. The filter options on the left hand side of the page can be used to narrow down the total list of results.

Type Enter any search terr

(2470)
(2122)
(1298)
es and Protocols (429)
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o Refine your search by country by selecting at Region/country of expertise

Region/country of expertise

angle Aquifer - Ethiopia (2)

show the remaining 95 items

o Enter a new search term ‘information sheet’. Explore the results by clicking in the links to visualize
the documents.

o Return to the GGIS main page by clicking at ‘HOME’ on the main menu.

_jg rac Home MIM ~ Hel

-7

2.3.3 EXPLORING A PROJECT DEDICATED MODULE — TWAP

p Contact

HTWAP

o Enter the project module by choosing Explore TWAP viewer. , :

o Explore the catalog by randomly clicking on it and selecting the layers of interest. Deselect all layers
to continue exploring the viewer.

o Goto ‘Transboundary aquifers’, than select ‘Basic parameters and variables’ and select

‘Predominant lithology’. In the main menu choose © ‘Get feature info’. Click on an aquifer of

interest to obtain detailed information stored in this map layer. ‘Explore the aquifer information sheet

Feature Info =X

R GP: Transmissivity [m2/d]
(pdf) lln K Go to backaround documents and additional information |
View Aquifer information sheet (pdf)

o Inthe catalog, click on _#*  to obtain information on the layer property. Explore the different tabs

‘Layer ies: GP: Predomi litholk X

. . . ispla vailable Styles bou
available in the property window. S S ?

| Display options

Opacity:
Tile format: |image/png |¥ | @ Transparent
Single tile: Use a single tile

Info format: | Select a format X

Limit with filters

Match any |V of the following:

(@) [select an attribute.. N7 X

@ add condition ) add group or use CQL fiter instead

Limit by scale
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o Inthe catalog, click on &) to add map layers as WMS link. One can add either map layers existing

within IGRAC’s data base or external map layers. For this exercise we will use the SEDAC database.

Choose ‘Add a new server’.

Available Layers

Public IGRAC layers v
|| Public IGRAC layers d
' Public TWAP layers
‘ whymap

| rac.go_agriculture. .. l [
| Add a New Server... & =
| TATEd deuany Ingateu s rac:go_agricuiture. .. |

grac:countryborder...

Copy the following link into the window: http://sedac.ciesin.columbia.edu/geoserver/wms

Then click on ‘Add server’.

Add new server... X

Type: | Web Map Service (WMS) v

URL: \Lh&tgi[i/usedac.ziéin.columb;a.e(_iul‘xr/:gyeoselv;l: |

Cancel © Add Server

——
B —

o Browse through the SEDAC'’s catalog and choose a layer of interest to be added to the viewer.

o Then click on ‘Add layer'.

o ‘Done’ when you are ready importing.

. near —

Available Layers

View available data from:

GeoServer Web Map Service| V-
Title
A UYL AT VL TOUY
Anthropogenic Biomes v2: 1900
Anthropegenic Biomes v2: 2000
Crop Climate: Maize, Rice, and Wheat
Energy: Nuclear Power Plant Locations
Environmental Performance Index 2010
EPI 2010: Agriculture
EPI 2010: Air Pollution Effects on Ecosystems
EPI 2010: Air Poliution Effects on Human Health

BB E BB B 8 E

3

Id

-
anthromes:anthrom. ..

=
anthromes:anthrom { |
crop-climate:crop-cl...
energy:energy-pop-...
epi.epi-environment....
epi:epi-environment..
epiepi-environment...

epiepi-environment...

@ Add layers Done h
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3. GLOBAL GROUNDWATER MONITORING NETWORK - GGMN

Groundwater resources are vital for drinking water supply, agriculture, the sustainability of wetlands and
rivers as well as many other important issues, including climate change adaptation. The state of groundwater
resources needs to be monitored regularly to provide the basis for their qualitative and quantitative
assessment. Hence, water management decisions rely strongly on the availability and quality of monitoring
data.

Groundwater is monitored in many parts of the world by measuring groundwater tables, piezometric levels,
groundwater withdrawals, spring discharge and groundwater quality. Point measurements are often
interpolated and combined with other data (e.g. remote sensing and modelling) to assess the state of
groundwater resources.

There is however, a lack of information on groundwater monitoring at the regional and global scales which
hampers the assessment and the informed water management. Recognizing the need for a systematic
collection of groundwater data, IGRAC took the initiative to establish the Global Groundwater Monitoring
Network (GGMN).

GGMN is a participative, web-based network of networks, set up to improve quality and accessibility of
groundwater monitoring information and subsequently our knowledge on the state of groundwater
resources.

GGMN is a UNESCO programme, implemented by IGRAC and supported by many global and regional
partners. The GGMN Programme consists of two components:

e The GGMN Portal
e The GGMN People Network.

3.1 THE GGMN PORTAL

The GGMN portal gives insights on the availability of groundwater monitoring data through space and time.

Groundwater level data and changes can be displayed on a regional scale. Additional data layers and
information are available to

! Slonal Sroundvater Nework S understand the monitoring data in a

broader water-related context.

The web-based software application
assists in the spatial and temporal
analysis of monitoring data. The
system is integrated with QGIS to
process data offline. The GGMN
portal can be found here:
https://ggmn.un-igrac.org/. Figure
17 shows the start page of GGMN —
Global.

_ [

Figure 17 Start pag GGMN — Global.
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How does it work?

Member states which are interested in making use of the GGMN are provided with a password-protected
environment within the GGMN application. Within the protected environment, users can upload, interpolate
and analyse the groundwater data using the following options:

1. Representative groundwater point measurements can be uploaded to the protected environment.
Alternatively, measurements can be transferred from a national system via web services.

2. Data can be displayed showing the mean, range or change in groundwater level for a selected time
period.

3. The GGMN is integrated with QGIS to process data offline. Point measurements can be combined
with proxy information and personal expertise to create groundwater level maps. Produced
groundwater maps can be shared via the online GGMN Portal.

4. Time series analysis (FREQ — figure 18) can be performed for each point measurement location to
better understand temporal changes of groundwater levels. The time series analysis is a step-by-
step procedure to identify trends, periodic fluctuations and autoregressive models. Time series
analysis helps defining optimal monitoring frequencies which is one of the key components of
groundwater monitoring network design.

= ol o
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Figure 18: Another functionality within GGMN, the FREQ module

Data in the protected environment are only accessible for authorized users. Ownership of the data uploaded
to the Global Groundwater Monitoring Network remains with the data provider. Data providers are
encouraged to make data accessible to improve the global availability of groundwater information.

A personal GGMN Portal can be configured for one organization, for multiple organizations in one country,
multiple organizations sharing an aquifer, or it can be used within projects aiming to collect groundwater
data on a regional scale from various sources.

Public view

The GGMN portal has a public view mode that is meant for public users, including researchers, consultants,
teachers, policy makers and NGOs. From the publicly available data, changes in groundwater level point
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measurements can be calculated and visualised over time on a regional and on a global scale. Figure 19
shows an interpolation of the groundwater table made for South Africa.
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Figure 19: Interpolation of groundwater data for South Africa

Database connections

Many countries already have online databases but only few provide open-access to their groundwater data.
In collaboration with the countries supporting international data sharing, IGRAC is establishing automated
data flows between these countries’ national databases and the GGMN.

3.2 GGMN PEOPLE NETWORK

The GGMN relies on the participation of groundwater specialists with knowledge of regional hydrogeology.
Regional (spatial) interpolation of groundwater point measurements is much more than a numerical
interpolation and averaging process. It needs to be carried out by regional experts with a clear
understanding of local hydrogeological and hydraulic conditions, existing monitoring practices, historic
developments, socio-economic changes and other relevant factors. Therefore, establishing a network of
regional groundwater specialists is the key task of the GGMN.

PARTICIPATORY MONITORING

Participatory monitoring is a collaborative process of collecting and analysing data and communicating the
results in an attempt to identify and solve problems together. This process not only generates credible data
and information but also builds trust and creates mutual understanding needed for international water
cooperation.

When it comes to management strategies for transboundary aquifers, a participatory approach is essential.
National groundwater monitoring networks play a key role in transboundary aquifer management.
Connecting national, regional and global networks is a first step towards transboundary water management.
Within this framework, the GGMN attempts to contribute to the harmonization of transboundary groundwater
information and to promote further dialogue for transboundary cooperation.

Regional Workshops
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Regional workshops are organised to strengthen and expand the GGMN People Network. The workshops
are intended for regional groundwater specialists to become familiar with the GGMN Programme and the
functionality of the GGMN Portal. For countries without an online groundwater database, the GGMN Portal
can be fully employed. The workshop participants have the opportunity to discuss the programme with their
peers from neighbouring states with whom they may be sharing groundwater resources. After the workshop,
participants have the opportunity to acquire an active role in the GGMN People Network and to continue
using the GGMN interactive portal.

Data policy

The GGMN operates according to the principles of the World Meteorological Organization (WMQO) and
UNESCO with the aim of encouraging the widespread use of hydrological data for national, regional and
global studies. Members and other data providers are encouraged to contribute in improving the quality and
accessibility of groundwater monitoring information, and meta-information on the monitoring stations. Data
providers can always determine the level of data accessibility by third parties: open, limited or restricted
access.

3.3 GETTING ACQUAINTED WITH GGMN

In this session we are proposing a couple of exercises to learn a bit more on the features available in GGMN.

3.3.1 EXPLORING GGMN GLOBAL

o Go to the GGMN web page https://ggmn.un-igrac.org/ and make sure you are in the Global
overview by clicking on it.
GGMN - Global Groundwater Network Global @

L ut
Regional @ Time series analysis @ d;’,‘;‘,e‘,’a,,,gmm Organisation .  Import ®

African Minister Council on Water - Secretariat (Nigeria)

o Chose a country to visualize its public data. For this exercise we propose South Africa.

2 LB ™
I Search for places, or dates (i.e. 23-10-2013) ﬂ
] T Ve

o Click on the date at the bottom left corner to display the time-bar. Zoom in and out in time using the
menu at the bottom right corner. The clock in the middle brings the cursor (red marker) to the
current date.

03-2016 Ll
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o Retrieve the background maps by clicking on the menu

Neutral

| Groundwater |
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at the right side. Click on the red icon to open it ﬂ

o Make elevation profiles by selecting DEM (world)
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and choosing the profile symbol i

Soil
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3.3.2 EXPLORING GGMN REGIONAL

o Click on ‘Regional’ in the main menu.

GGMN - Global Groundwater Network
African Minister Council on Water - Secretariat (Nigeria)

L ut
Global@  Regional @  Time series analysis @ dao,g:a_beonemm Organisation ,  Import ®

In the Regional overview of groundwater levels it is possible to visualize different statistics of the groundwater
level for each monitoring location and analyse the groundwater level variations over a selected time period.

o Select the statistic and data range of interest.
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o Statistic information and time series

Groundwater well: B15F0074

@ Groundwaterlevels (m)

Groundwaterlevel BGS im)
s

-3.80

-3.91
14.01-1975 03-05-1976  03-12-1977  05-07-1979  02-02-1981  04-09-1982  05-04-1984  05-11-1985  06-06-1987  14-12.1988

o Customize your own legend

Legend
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= iy P .__l":"-d' ‘-.:‘.__ El ot
- = ! o Nelsprl.ut -
Rustenburge Britse | Belfast = |
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3.3.3 EXPLORING THE TIME SERIES ANALYSES
o Click on ‘Time series analysis’ in the main menu.

GGMN - Global Groundwater Network

Agéncia Nacional de Aguas (Brasil)

Log out
Global@  Regional @  Time series analysis @ d;’,‘,’,e,a_bg,edm Organisation ,  Import ®
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Time series analysis can assist in understanding the impact of abstraction and climate change on
groundwater levels. This tool helps understanding temporal changes of groundwater levels.

GGMN - Global Groundwater Network Vo i@ mpoi®  ewde  SESIO. Opmesen .
"

rereh Gecogesn vy BRON (e

The time series analysis consists of:

- Detection of trends;

- Periodic fluctuations

- Autoregressive model
- Additive model

Based on this information it also provides an estimate on the monitoring sampling frequency, which is one of
the key components of groundwater monitoring network design.

o Detection of trends

Chose a groundwater monitoring well by clicking on it and select a trend analyses from the menu (step

t d GGMN - Global Groundwater Network M0 Frq@ | lped® Ly L9040 e’
rena). e edgkal Sy BRGM (Fane) e~

o Chose other trends to observe the different analysis results.
3.3.4 EXPLORING GGMN PLUG-IN QGIS

A QGIS plugin for GGMN has been developed to allow interpolation and adjustments of data points. The
GGMN integration plugin enables users to download data, add custom ‘virtual’ points (meant for
interpolation) and upload groundwater interpolation rasters to the GGMN database (Lizard). Afterwards, the
in QGIS interpolated rasters can be uploaded and published in the GGMN-portal.

The plug-in has been tested for QGIS 2.8 (stable version) and QGIS 2.12 (latest version). The screenshots
below are from QGIS 2.12. The print screens used to illustrate GGMN’s functionalities are also prepared with
data from the real system, and specifically from South Africa. For the training we aim to use real data related
to the FREEWAT project.

Installing GGMN plugin

To install the plugin, go to the menu: Plugins-> Manage and Install Plugins... -> select Settings
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i Plugins| _

Check for updates on startup

Iv)

(every time QIS starts []

Note: If this function is enabled, QGIS will inform you whenever a new plugin or plugin update is available. Otherwise, fetching repositories will be
performed during opening of the Flugin Manager window.

w || show also experimental plugins
Note: Experimental plugins are generally unsuitable for production use. These plugins are in early stages of development, and should be
considered ‘incomplete” or ‘proof of concept' tools. QGIS does not recommend installing these plugins unless you intend to use them for testing
purposes.

v Show also deprecated plugins

Note: Deprecated plugins are generally unsuitable for production use. These plugins are unmaintained. and should be considered ‘obsolete’
tools. QGIS does not recommend installing these plugins unless you still need it and there are no other alternatives available.

| status Name URL
[0 connected Lizard httpsi/jplugins. [zard.net/plugins xmi?qgis =2, 12
6] comnected Officiéle QGIS plugin Repository htip:/jplugins.agis oro fplugins/plugins xmlPagis=2. 12

Relod  eestores s

Click on ‘Add’ under the Plugin-repositories part -> use a applicable name (e.g. Lizard plugins) and type the
following URL: https://plugins.lizard.net/plugins.xml. Click on ‘OK’ to create the repository.

Next, select the ‘All’ tab and search for ‘ggmn’.

MName |Lizard pluging|

URL https: /fplugins.lizard.net/plugins. xml

Parameters [ ?qgis=2.12

Enabled n

Next, select the ‘All' tab and search for ‘ggmn’.

@ Plugins | Installed (26) ? x

Search | ggmn &

i Installed ¥4 % GGMN lizard integration

A This plugin is experimental
GGMN lizard integration

Download GGMN data from lizard, interpolate and add new points

Not installed

ﬁ Settings
GGMN lizard integration

Category: Plugins
Tags: lizard
More info: homepage ftracker code repository

Author: Reinout van Rees, Nelen & Schuurmans

Installed version: 1.4 (in C:\Users\NienkeAnsems\.qgis2\python'\plugins\LizardDownloader)
Available version: 1.4 (in GGMN lizard)

Upgrade all Uninstall plugin Reinstall plugin

Close Help

Select the ‘GGMN lizard integration’ plug-in and click on ‘Install plugin’. After installation, the plug-in has
been added to the Plugins-menu in QGIS.

Select the ‘GGMN lizard integration’ plug-in and click on ‘Install plugin’. After installation, the plug-in has
been added to the Plugins-menu in QGIS.
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https://plugins.lizard.net/plugins.xml

Login

For downloading the data of your organisation you need to log in. Go to the menu bar, select Plugins->
GGMN Lizard integration -> Log into Lizard.

PRCaT p—

Project Edit View Layer Settings |Plugins | Vector Raster Database Web Processing Help

I ey &% Manage and Install Plugins. .. ==y [ ] o ==
@ 5 &('D ﬁ P R Q- 2y ) <
& Python Console Cirl+alt+P
abg|  [ab ab abc ab abec| 3Di Tools 4
[ g i o o
‘ tio @ Loginto Lizard
& @ T L ' .
L fL> WL 6P 0 o !Ci \'_a T : > Q Download from Lizard
Download custom points from Lizard
Layers Pansl <
v‘ e Upload custom points to Lizard
'—@ - T _’t Tr Il e Upload interpalation raster to Lizard
"

Insert your Username and Password provided for the FREEWAT training and click ‘Ok.

a ﬂ
LEs

Username

Password

Download data

For downloading the data of your organisation you need to log in. Go to the menu bar, select Plugins->
GGMN Lizard integration -> Download from Lizard. For the purpose of this training, IGRAC will provide
fictitious data to be worked with. You also have to select a period, by choosing a Start date and an End date.
The data is downloaded with values in the format ‘mean sea level’.

[/ GGMN lizard integ_ SR
Organisation Western Cape University (South Africa) -
SiiEs 01-01-1930 =
Sz 01-02-2016 -

After clicking OK the plug-in asks to enter a filename for the file to save the data to, e.g. FREEWAT training.
By clicking Ok the data is downloaded and a new layer is added to the QGIS-project. The new layer is

opened in a new QGIS-project, if there is no open project. For each point time series data is downloaded
and aggregated into an average value.

To get background layers, install plugins like QuickMapServices and select a background-layer.
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Add custom points

Custom points are ‘virtual’ measuring point for which one can save values. These values are stored in the
Lizard backend for the organisation the user belongs to. Before creating or adding custom points, one
needs to click on ‘Download custom points from Lizard’. Just like downloading the ‘normal’ points, a file
name has to be given to save the datato. A new layer is created with the custom points. If there are no
custom points yet, the layer is empty.

£ Qois 2122 tyon e o V. N

Project Edit View Layer Settings |Plugins | Vector Raster Datat Web  Progessing Help
e = | Manage and Install Plugins. .. 3 [
NS &-3;1,-“ @ -0~y & =
!’, Python Console Ctrl+alt+P -

3Di Tools 4

GGEMM lizard integration 4 e Log into Lizard

e Download from Lizard

% Download custom points from Lizard
e Upload custom points to Lizard

e Upload interpolation raster to Lizard

= R -l

W e B ER % % @ @ 15
Layers Panel
i @ T & O

'ﬂ /% © ggmn_groundwater e
3% 0SM Mapnik =] T
@ o o = a- b

To add a new custom point, click the ‘Add feature’-icon (make sure the ‘Digitizing’ toolbar is displayed)

[

(Jop|Add Feature

Click on the location where you want to add a custom point. A popup demands for a value and an infernal.
Enter a value in meters relative to mean sea level. The internal is used for internal QGIS-registration and
needs to remain NULL.

15 ggnm_grmndwat...&u

internal | ALLL

30 GGIS & GGMN TRAINING MATERIAL FOR FREEWAT



To create multiple points in a simple way, one can choose to use the ‘Regular Points’-tool. Select this tool by
going to the menu: Vector -> Research Tools -> Regular Points. ..

Select a layer of a smaller extent by entering coordinates, the grid spacing and an output shapefile.

Area

® Input Boundary Layer

iggmn_groundwater _virtual

Input Coordinates

XMin |

XMax[

Grid Spacing

® Use this point spacing

Use this number of points 1

Apply random offset to point spacing

Initial inset from corner (LH side) | 0,0000

Output Shapefile
Browse

® Add result to canvas

[ 0%

Uploading custom points

For uploading the custom points to the FREEWAT users go to the menu bar, select Plugins-> GGMN Lizard
integration -> Upload custom points to Lizard. A popup message gives the number of points to be
uploaded and asks for conformation.

PPR GGMMN izard Nt [ |
£ eg

Mumber of points to upload: 1

Interpolation

An interpolated raster can be created using the QGIS-tools. Select from the menu bar Raster -> Interpolation
-> Interpolation or click on the ‘Interpolation’-icon on the raster-toolbar.
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Raster | Database Web Processing Help

_!é Raster Calculator... t&‘?

Align Rasters... .
Georeferencer 4
Heatmap L
Interpolation

(ab, b be ah
IE :h :\_?; 15‘__

C Interpolation

Interpolation

-{? Terrain Analysis L4
Zonal statistics b
Projections b
Conversion +
Extraction 4 Har
Analysis L4
Miscellansous 4

GdalTools Settings. ..

In the popup menu the interpolation input and output can be chosen. First select the layer with the GGMN
data and select the interpolation attribute (min, max or mean are probably the best to use). Click on ‘Add’
and select for example the custom points layer with interpolation attribute value. Also click on ‘Add’. Next,
choose an interpolation method (e.g. IDW), an extent and an output file for the raster. Click ‘OK’ and the
interpolation will start and create a new layer.

£ werpaion e S, -
Input ‘Output
Veector layers ggmn_groundwater_virtual |+ Interpolation method | Inverse Distance Weighting (IDW)  ~
Interpolation attribute | value ~ Number of columns | 300 % | Number of rows | 300 =
[ Use z-Coordinate for interpalation Cellsize X 0,06325 2| cellsize ¥ 0,04183 =
Add Remove Amin | 12,5745 Xmax | 31,8502
|Vector layer Attribute Type ¥ min | -35.7553 Ymax |-23.2057
~ gamn_groun... mean Rt Set to current extent ]
“gamn_groun value Points
Output fle =
% Add result to project
1 [ [l

An example of an interpolation:

IO ———_ w— - ————— e e s RSV

Propct ot Yew Lser fetrgs Buprs Vecty Seshr Qstsbwse Web Progessng iep
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P7B -l < “mAaETE% 4D
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«

BSPR088SNNANS

Aovcss o -
R coonsnue 0.2 oo 14074300 =) ot |00 I Xrede Qosmsom @
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Upload raster

For uploading the raster tot the database, make sure the raster file is selected and click Plugins-> GGMN
Lizard integration -> Upload interpolation raster to Lizard FREEWAT users. A message confirms that the

upload was successful. The raster will be processed and after a short period displayed in the GGMN portal.

If there was already one raster available for the organisation, the raster will be overwritten.

Plugins | Vector FRaster Datsbase Web Processing Help
t Manage and Install Flugins. ..

. Python Console Ctrl+Alt+P
30 Tools k

abgl abc| ‘abgl <abc| ‘abe
@ Loginto Lizard

a Download from Lizard

e Download custom points from Lizard
e Upload custom points to Lizard

% Upload interpolation raster to Lizard
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