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This document reports on the internship I conducted at the Global Institute for Water 

Environment and Health (GIWEH) and at the enviroSPACE lab of the University of Geneva 

between September and December 2015. It is accompanied by a Virtual Machine application 

with software and data already installed and a GeoNode tutorial. These documents are available 

at ftp://orion.grid.unep.ch/GEOSS_services/geonode/  
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Introduction 
The internship at the Global Institute for Water Environment and Health (GIWEH) took place 

between September and December 2015. The goals set for my collaboration at GIWEH were to 

contribute to their flagship project, whose main objective is to develop a framework enabling 

partner countries to comply with Sustainable Development Goal (SDG) 6 on clean water and 

sanitation. A central part of the project, and to which I actively collaborated; consist in developing 

a platform enabling the sharing of spatial data on water management practices and conditions. 

Technical supervision was provided by Dr. Pierre Lacroix, lecturer at the University of Geneva 

Institute of Environmental Sciences. 

Background Information 

GIWEH was founded in 2007 in Geneva by Dr. Nidal Salim together with other scientists and 

academics, aiming to contribute to the maintenance of reliable water supplies and healthy 

environments from an interdisciplinary, research-based perspective. The Institute brings together 

an array of academic expertise in the fields of engineering, hydrology and social sciences, as 

well as professionals from the private sector and the civil society. Since its founding, GIWEH has 

partnered with major international organisations, governments and other NGOs in different parts 

of the world such as the Middle East, North and East Africa, the Caucasian Region and South 

East Asia. In collaboration with its partners, the Institute has launched training programmes on 

policy and strategy, water governance, socio-economic indicators, and science. An International 

Steering Board composed of members coming from diverse professional, educational and 

cultural backgrounds guides GIWEH’s strategies. The Institute also supports an international 

internship programme, under which the work presented in this report was carried out. 

Post-2015 Water Monitoring Framework 

Building upon this experience, GIWEH has launched its Post-2015 Water Monitoring Framework 

flagship project. Its objective is to support partner governments and local institutions in complying 

with Sustainable Development Goal 6 on water and sanitation. Under the framework of the 

MDGs, undertakings to achieve equitable and efficient water management objectives were 

limited in scope. These initiatives only measured the proportion of the population having access 

to clean water and proper sanitation facilities, with the aim of reducing by half the population 

lacking these fundamental services. Under the SDGs, the objectives for the next 15 years set a 
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wider and more inclusive agenda, comprising water quality, efficiency and cooperation at various 

levels of governance. It also incorporates goals on water-related ecosystems and calls for a 

larger participation of the civil society as well as capacity building programmes and technology 

transfer. Furthermore, the new set of goals calls for a more ambitious target of achieving 

universal access to proper water-related services. Having identified the most significant gaps 

between the objectives set by the international community and the existing capacities on the 

ground to tackle them, the GIWEH flagship project was conceived with the objective of ensuring 

the absorption and alignment within the local governments and communities of the indicators, 

monitoring mechanisms and institutions required to track progress towards achieving 

Sustainable Development Goal 6. To meet this objective, GIWEH will work in the following areas: 

 

• In-depth assessments of water resources management capabilities; 
• Identifying indicators of national relevance complementing official UN-defined indicators; 
• Analysing the needs of national water monitoring institutions in order to strengthen their 

operational capacity to manage the human resources, the technology and the skills to 
perform field work; 

• Proposing a science-based water monitoring framework enabling efficient water 
management decisions; 

• Supporting the development of a system for data collection, storage, analysis and 
dissemination; 

• Building capacity on monitoring and alignment of data on national level indicators with 
regional and global reporting; 

• Creating an environment which enables countries to work towards Goal 6: “Clean Water 
and Sanitation” by enhancing their capacity to: 

o Monitor, produce, translate and communicate hydrological information; 
o Improve the data collection based on real data collection and generation, as well 

as transfer and disseminate this data. 

 
While the participating national and regional governments will guide the applicability and the 

directions of the previous solutions, GIWEH, along with its institutional partners, will provide the 

necessary support, training and capacity building to implement the needed policies successfully.  

A three-stage roadmap has been set defining short and long-term objectives of these 

partnerships. These include: 

 

1. Data situation assessment. Including data collection, database creation and agreement 
on formats and standards enabling the creation of datasets that are comparable at a 
national, regional and global scale; 
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2. Analysis and development. Including the launch of a live database accessible to GIWEH 
partners though the web; 

3. Implementation and data presentation. Including the publication of maps reflecting the 
situation on the ground, and the publishing of a report based on the project’s research 
and findings. 

 

In line with the guidelines mentioned above, the project needs to research and develop a 

convenient and flexible spatial data infrastructure (SDI) allowing the gathering, analysis and 

sharing of data. In collaboration with the enviroSPACE lab of the University of Geneva, and 

capitalizing on their expertise on these technologies, it was suggested the use of GeoNode, a 

platform for the management and publication of geospatial data. As it will be explained in the next 

section, this technology brings together mature and stable open-source software projects under 

a consistent and easy-to-use interface allowing non-skilled users to share data and create 

interactive maps. 

 

In addition to reporting on the main tasks accomplished during the internship, this presentation 

aims to assess GeoNode and its functions as an SDI platform for the GIWEH project. Firstly, it 

will present GeoNode and the technology and standards upon which it is built. Special attention 

will be given to introducing this material relative to the possibilities it offers to the GIWEH flagship 

project. Secondly, it will present the data sources available for tracking water management. This 

is indeed a digression from the main subject of this text and the objectives set for the internship. 

It is nonetheless addressed here since it accounts for an essential part of the workflow, as 

proved by the non-negligible amount of time and effort allocated to find relevant data for the 

tutorial that accompanies this report. Lastly, a discussion on GeoNode applicability will be 

followed by an analysis of its limits. 

 

Technical Proposition 
An SDI platform provides the ideal environment enabling administrators, project participants, and 

general users to easily upload, retrieve, update and share geospatial data. Achieving this goal 

implies coordination among stakeholders regarding the type of system used, network linkages 

and standards. Moreover, it entails that interested parties require the necessary know-how to 

efficiently incorporate the agreed upon system into their workflows. International undertakings 

exist to develop and deploy system standards streamlining geospatial data processes. The 
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organisation at the forefront of these efforts is the Group of Earth Observations (GEO). 

Comprising of over a hundred nation state governments, as well as International Organisations, 

NGOs, private sector corporations and other relevant entities1, the GEO community “is creating a 

Global Earth Observation System of Systems (GEOSS) that will link Earth observation resources 

world-wide across multiple Social Benefit Areas (SBA)”2. Among others, SBAs range from 

disaster resilience to food security and water resource management. GEOSS is a “set of 

coordinated, independent earth observation, information and processing systems that interact 

and provide access to diverse information for a broad rage of users (…). This ‘system of 

systems’, through its Common Infrastructure (GCI), proactively links together existing and 

planned observation systems around the world (…)”, thus enabling users to access “data from 

the thousands of different instruments in a combined and coherent dataset”3. 

 

The University of Geneva Institute of Environmental Sciences, through its enviroSPACE lab, has 

been actively participating in capacity building programmes aimed at disseminating GEOSS 

technologies. Together with the United Nations Environment Programme (UNEP) they 

developed the workshop “Bringing GEOSS services Into Practice”4, teaching participants how to 

deploy the set of instruments upon which the system is built. Despite the undeniable benefits of 

incorporating these technologies, the mastering of the associated tools comes along a steep 

learning curve that hinders their applicability by non-trained users. Examples of this sort of pitfall 

are the difficulties associated in creating metadata files in GeoNetwork, the software within the 

GEOSS environment dedicated to this task. The complexities of the programme often translate 

into data being uploaded without their corresponding metadata file, thus making this information 

impossible to retrieve for people not familiar with the project. The need therefore arose to 

develop a simplified platform enabling non-skilled users to interact with their geospatial data 

more effectively and according to GEO standards and guidelines. This search for simplicity and 

efficiency is the guiding principle of GeoNode, and the reason why, in the context of this 

internship, the University of Geneva collaborated with GIWEH to develop a tutorial exploring the 

many applications of this platform. 

                                                
1 https://www.earthobservations.org/pos.php 
2 https://www.earthobservations.org/wigeo.php 
3 http://www.earthobservations.org/geoss.php 
4 https://www.unige.ch/tigers/en/enseignements/geossinpractice/ 
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GeoNode 

GeoNode is an open source, web-based software for deploying spatial data infrastructures (SDI). 

It enables users not familiar with geographic information systems (GIS) to easily interact with 

geospatial data. Its code is made available under a creative commons license, dramatically 

reducing deployment licence costs as compared with other types of equivalent technologies. As 

a member of the GeoNode development community explains it5, the platform focus hierarchically 

on data, users and finally metadata. The primary focus on data means that uploading layers in a 

variety of formats is made particularly easy. So is the analysis and the comparison of different 

layers uploaded by the users. The filters function constitutes an efficient method to sort data 

according to user-defined parameters; for example, categories, keywords, users, or geographical 

extent. These layers can then be visualised in maps, combined to serve specific analysis 

purposes, and shared in a variety of formats, all according to the needs of the end-user. 

 

The focus on users entails that each uploaded layer is associated with a participant of the 

project. This not only allows the administrator and other users to follow the work of each project 

participant, it also provides the means to assign permission to visualise and edit layers that might 

contain confidential information. Moreover, the platform works as an Internet community, which 

seems very much inspired by well-known social networking services. Users can rate layers and 

input feedback potentially enriching the quality of each project participant work.  

 

Quality metadata allows the retrieval of relevant information, and thus is a fundamental 

component of the high quality data GIWEH strives to produce. GeoNode recognizes a variety of 

metadata formats that can be uploaded along layer files, as well as allowing the creation of 

metadata documents through a simplified form. This feature is particularly useful for a project like 

GIWEH’s, as most of the uploaded data will be produced within its framework. GeoNode 

provides the means to easily create metadata files that if needed can be shared and understood 

by other systems.  

 

GeoNode is designed to be a flexible platform that software developers can extend and modify to 

meet the requirements of their own applications. This is among the reasons why the software has 

                                                
5https://groups.google.com/a/opengeo.org/forum/ - !topic/geonode-dev/-39iIm-34io 
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been implemented by numerous organisations to meet their geospatial data dissemination 

needs. The web is therefore a good resource to find information on the implementation of 

GeoNode in different contexts. The following examples, many of which include documentation 

with instructions regarding the deployment of the application, have also been useful for the 

tutorial developed in the context of this internship: 

 

• The United Nations World Food Programme: http://geonode.wfp.org/ 

• EnviroGRIDS GeoNode,: a platform for sharing the core datasets related to the Black Sea 

watersheds developed in the EU FP7 EnviroGRIDS project at UNIGE and 

UNEP/GRID-Geneva: http://envirogrids.grid.unep.ch/geonode 

• Ebola GeoNode. Platform for the dissemination of data related to the recent global effort 

to tackle the spread of the Ebola decease: http://ebolageonode.org/ 

• The Malawi Spatial Data Portal: http://www.masdap.mw/. It is the result of a collaboration 

between several agencies of the Government of Malawi and the World Bank 

• Haiti data GeoNode. Supported by the World Bank, this platform gathers geospatial data 

on an array of development related fields in Haiti: http://haitidata.org 

 

For more examples on GeoNode applications, please see: http://geonode.org/gallery/ 

Compatibility 

Open standards enable various data systems to work together. They are established by 

consensus, and provide rules and guidelines that are aimed at achieving “the optimum degree of 

interoperability in a given context”6. If properly established, users can “maximise the value of past 

and future investments in geoprocessing systems and data”7. This could bring about significant 

financial savings in data gathering by avoiding redundancy in collection. It also assures the 

reduction of system deployment costs by not ‘locking’ a system within one particular vendor’s 

proprietary standard. The international organisation responsible for establishing standards within 

the many GIS applications is the Open Geospatial Consortium (OGC). This organisation is a 

member of GEO and is composed by government and commercial organisations as well as 

                                                
6 http://www.opengeospatial.org/docs/is 
7 Bringing GEOSS Services into Practice, p. 18 
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NGOs and academic institutions8. GeoNode is based on OGC standards thus making the 

platform interoperable with a wide range of applications. Working with OGC standards means 

that data collected within the framework of the GIWIEH project could be used by scientists 

working in different fields as well as the general public. Conversely, GIWEH and its partners can 

potentially benefit from data collected elsewhere. Ultimately, this implies that if needed, the 

project objectives could be embedded within larger efforts to tackle challenges beyond clean 

water and sanitation, and surpassing the partner countries’ sole jurisdictions. 

Service Standards supported by GeoNode9 

WMS 

The Web Map Service specification defines an interface for requesting rendered map images 

across the web. It is used within GeoNode to display maps in the pages of the site. WMS doesn’t 

give access to the data itself, but constitutes a graphical representation of a geospatial data in 

.jpeg, .gif, or .png formats. It is used for mapping purposes and can be combined with other WMS 

services10.  

For further specifications please see http://www.opengeospatial.org/standards/wms 

 

WFS 

The Web Feature Service specification defines an interface for reading and writing geographic 

features across the web. It is used within GeoNode to enable downloading of vector layers in 

various formats. In other words, contrary to WMS, WFS gives direct access to the geometry and 

the attributes of geospatial vector data11. 

For further specifications please see http://www.opengeospatial.org/standards/wfs 

 

 

WCS 

The Web Coverage Service specification works as the WFS, but for raster files. It defines an 

interface for reading and writing geospatial raster data as “coverages” across the web. It enables 

                                                
8 http://www.opengeospatial.org/ogc/members 
9 For further details, please see: 
http://docs.geonode.org/en/master/tutorials/devel/devel_intro/standards.html?highlight=ogc 
10Bringing GEOSS Services into Practice, p. 172 
11Ibid, p. 174 
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GeoNode to work with various types of raster data such as Digital Elevation Models (DEM) and 

remote sensing imagery among others12.  

For further specifications please see http://www.opengeospatial.org/standards/wcs 

 

CSW 

The Catalogue Service for Web specification defines an interface for exposing a catalogue of 

geospatial metadata across the web. It is used within GeoNode to enable any application to 

search GeoNode’s catalogue or to allow other applications to search a set of layers within 

GeoNode. In the context of the GIWEH project, this specification can contribute to embedding the 

data collected within its framework, with other projects elsewhere. 

For further information please see http://www.opengeospatial.org/standards/cat 

 

Besides the above-mentioned standards, future developments in OGC and GeoNode might offer 

new and useful possibilities. For example, Geo Package, a standard for mobile devices, offers 

the possibility to charge equipment with data accessible off line while on the field. Once terrain 

data is collected and a network is available, datasets can be uploaded into the system. According 

to the OGC this standard is mainly used in emergency response and the military. Nevertheless, 

its capabilities might also prove useful in collecting data in the framework of the GIWEH project. 

For further information please see http://www.geopackage.org/. 

Scalability 

In addition to supporting OGC standards for geospatial data, GeoNode is built on top of the 

Django web framework, based on the web standards HTML, CSS and REST. This offers the 

possibility of further modifying the graphic user interface (GUI) to match GIWEH’s graphic 

identity, and according to the requirements identified in the testing phase of the project. It is worth 

noticing that while these features greatly enhance the customisation possibilities of the platform, 

particular IT and web development skills are needed in order to undertake such modifications. 

Virtual Machine 

While GeoNode allows inexperienced users to interact with geospatial data, its installation, 

configuration and administration require skills in IT most people don’t have. In order to overcome 
                                                
12Ibid, p, 175 
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this limitation, the GeoNode platform presented here is delivered preinstalled in a virtual 

machine. This solution has many advantages. First and foremost, GeoNode and other GIS tools 

can be installed and configured by IT professionals, then delivered to users who would only need 

to install a virtual box application in order to have a fully enabled device. The Virtual Box software 

used is compatible with multiple operating systems (Linux, Windows, MacOS), meaning that it’s 

not necessary to invest in new hardware and or software. GeoNode and other related 

applications and documentation can be shared with the assurance that all project participants will 

be working in a properly configured environment. Furthermore, the VirtualBox application can run 

simultaneously with the host operating system, and without the need to reboot the computer.  

More information on the technical specificities of the virtual machine can be found at: 

https://www.virtualbox.org/manual/ch01.html 

 

Data 
Among the challenges encountered during my work was gathering data for the GeoNode tutorial. 

While dealing with data collection was not the main objective of the internship, it is a central 

question that needed to be addressed, as a platform for the dissemination of information can only 

be as good as the data it contains. The section that follows presents research on available data 

resources, with a focus on information gathered within the framework of the Millennium 

Development Goals. I will start by reviewing the international organisations providing the data to 

the general public and the surveys they use. As a comprehensive assessment of available data 

at a global level was not within the possibilities allowed by the time frame of the internship, the 

primary focus concerned Kenya, a country whose authorities have expressed interest to 

participate in the pilot phases of the GIWEH project. Bearing this in mind, the organisations 

studied contribute as well to data dissemination at a larger scale.  

 

The United Nations maintains an MDG database with official data, definitions as well as 

methodologies for all indicators. National level datasets are available in a variety of formats at: 

http://unstats.un.org/unsd/mdg. This site compiles the work if the Inter-agency and Expert Group 

on MDG Indicators, which assembles various Departments within the United Nations secretariat, 

as well as different UN agencies and other international and national organisations. The UN 

agency responsible for gathering data on clean water and sanitation is UNICEF. Together with 
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World Health Organisation, they run the Joint Monitoring Program (JMP) for Water Supply and 

Sanitation. 

The mission of UNICEF/WHO JMP has three main objectives concerning the MDG target 7C and 

SDG 6. These targets have much in common with the goals of the GIWEH project. 

 
• “to compile, analyse and disseminate high quality, up-to-date, consistent and statistically sound 

global, regional and country estimates of progress towards internationally established 

drinking-water and sanitation targets in support of informed policy and decision making by national 

governments, development partners and civil society; 

• to serve as a platform for the development of indicators, procedures and methods aimed at 

strengthening monitoring mechanisms to measure sustainable access to safe drinking-water and 

basic sanitation at global, regional and national levels; 

• to promote, in collaboration with other agencies, the building of capacity within government and 

international organisations to monitor access to safe drinking-water and basic sanitation.”13 

  

Financing for the JMP comes from the cooperation and development agencies of a reduced 

number of nations, including the Swiss Development and cooperation agency (DDC) 14. 

 

Other international sources of data for the MDGs are the World Bank, the International Monetary 

Fund, and The UNDP. These organisations present the information in line with their respective 

mandates and agendas. National level data is widely available from varying sources, access to 

datasets allowing greater granularity is, on the other hand, harder to come by. UNICEF-WHO 

JMP does not conduct its own surveys, they source their data from different organisations and 

national statistics agencies. The primary sources are national census conducted at varying 

intervals. Following is a selection of JMP data sources: 

 

Multiple Indicator Cluster Surveys (MICS) 

Carried out by UNICEF, the MICS aim is to collect and assist national government agencies in 

gathering data on children and women living conditions. Among the variables included in their 

surveys are those in line with goal 7C on clean water and sanitation. Since the mid-1990s the 
                                                
13 http://www.wssinfo.org/about-the-jmp/mission-objectives/ 
14 http://www.wssinfo.org/about-the-jmp/structure-governance/ 
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MICS have assisted over 100 developing countries to produce internationally comparable 

estimates. The first dataset concerning Kenya dates back to 1996. Since then, 8 surveys have 

been conducted. It is worth mentioning that these do not cover the entire country, and 

concentrate only on specific regions. Furthermore, these are not followed up in subsequent 

rounds, making longitudinal analyses impossible. The MICS website15 provides the final reports 

and analysis, but not the actual datasets. Access to these is given on a case-by-case basis, and 

only for valid research purposes. 

Given the fact that MICS surveys do not cover Kenya in its entirety, I have not submitted a 

request to access their datasets.  

World Health Organisation World Health Survey (WHS) 

The goal of these surveys is to strengthen national capacity to monitor critical health outcomes 

and health systems. Contrary to the MICS, WHS aims to produce country and regional 

representative data. They conduct household surveys with a focus on health, risk factors, chronic 

conditions, mortality, health care coverage and social capital among others. The latest survey 

concerning Kenya dates back to 2003 16. General access to the final report and analyses is 

available from their website, nevertheless, no mention is made on how to access the datasets. 

World Bank Living Standard Measurement Studies (LSMS) 

As with the projects previously mentioned, the aim of the LSMS is to strengthen local capabilities 

to produce quality household survey data in line with local policy needs. The datasets can be 

downloaded from their website17, nevertheless, no surveys were conducted in Kenya. Also 

available at their site is a variety of documents on survey design and statistical methodology, 

which might constitute a valuable resource at later stages of the GIWEH project.18 

                                                
15 http://mics.unicef.org 
16 http://apps.who.int/healthinfo/systems/surveydata/index.php/catalog/80/related_materials 
17http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTRESEARCH/EXTLSMS/0,,contentMDK:21588800~men
uPK:4196952~pagePK:64168445~piPK:64168309~theSitePK:3358997,00.html 
18http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTRESEARCH/EXTLSMS/0,,contentMDK:21555919~men
uPK:4196884~pagePK:64168445~piPK:64168309~theSitePK:3358997~isCURL:Y,00.html 
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Demographic and Health Surveys Program (DHS) 

Financed by USAID, the DHS programme is the most comprehensive project gathering data on 

key health and socio-economic variables in the developing world. Surveys are conducted in 

partnership with local statistical agencies. To date, more than 300 surveys have been conducted 

in more than 90 countries. The programme carries out different types of surveys in accordance to 

the specific monitoring and evaluation needs in partner countries. Among these studies, only the 

DHS survey includes data on clean water and sanitation. The datasets are made available on a 

case-by-case basis, and after submission of a research proposal. The last DHS survey 

conducted in Kenya dates back to 2008-9. Also available upon request is the survey’s GPS 

dataset. This document is provided in Esri shapefile format and allows to geolocate the 

households in the survey sample.19 

The Kenya National Bureau of Statistics 

The Kenya National Bureau of Statistics is the government agency responsible for the collection, 

analysis and dissemination of statistical data in the country. Its website20 provides data on a 

wide array of demographic, economic and social areas, although most of it in pdf format. It is 

worth mentioning that despite the fact that this agency collaborated with UNICEF and the DHS 

Program, no data on clean water and sanitation is available through their site. 

Indicators: From MDGs to SDGs. 

The aforementioned organisations and programmes constitute the main source of data 

measuring progress towards the Millennium Development Goals on clean water and sanitation. 

The MDGs addressed clean water and sanitation issues within its Goal 7, whose aim was to 

ensure environmental sustainability. Among its four objectives, target 7C called for a reduction by 

half of the proportion of people living without access to safe drinking water and basic sanitation. 

The key concepts used for this measurement are “improved drinking water sources” and 

“improved sanitation facilities”. The UN defines the first as: 

 

“…a facility that, by nature of its construction, is protected from outside contamination 

in particular from contamination with faecal matter. Improved drinking water sources 
                                                
19 http://dhsprogram.com 
20 http://knbs.or.ke 
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include: piped water into dwelling, plot or yard; public tap/standpipe; borehole/tube 

well; protected dug well; protected spring; rainwater collection and bottled water. 

Users of bottled water are considered to have access to improved sources only when 

they have a secondary source which is of an otherwise improved type. Improved 

drinking water sources do not include unprotected wells, unprotected springs, water 

provided by carts with small tanks/drums, tanker truck-provided water and bottled 

water (if the secondary source is not improved) or surface water taken directly from 

rivers, ponds, streams, lakes, dams, or irrigation channels.”21 

 
The indicator used to measure this goal is then computed by dividing the number of people 

without the aforementioned improved facilities by the total population.  

The same is done for the improved sanitation facilities, which is defined as follows: 

“…facilities that hygienically separate human excreta from human contact. Improved 

facilities include flush/pour flush toilets or latrines connected to a sewer, -septic tank, 

or -pit, ventilated improved pit latrines, pit latrines with a slab or platform of any 

material which covers the pit entirely, except for the drop hole and composting 

toilets/latrines. Unimproved facilities include public or shared facilities of an otherwise 

acceptable type, flush/pour-flush toilets or latrines which discharge directly into an 

open sewer or ditch, pit latrines without a slab, bucket latrines, hanging toilets or 

latrines which directly discharge in water bodies or in the open and the practice of 

open defecation in the bush, field or bodies or water.”22 
  

The water sources and sanitation facilities listed in these two definitions constitute the basis upon 

which surveys measure this target on the ground. As per UN guidelines, statistics are 

disaggregated between urban and rural areas. This distinction assumes that socio-economic and 

environmental conditions in cities and rural areas vary along common parameters. Nevertheless, 

according to differing national contexts this might be somewhat misleading. Other, more locally 

relevant levels of disaggregation have to be taken into account in order to grasp local situations. 

                                                
21 http://mdgs.un.org/unsd/mi/wiki/7-8-Proportion-of-population-using-an-improved-drinking-water-source.ashx 
22 http://unstats.un.org/unsd/mdg/Metadata.aspx?IndicatorId=31&SeriesId=0 
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While this is acknowledged in official documentation23, global databases do not provide the 

means to take this problematic into account.  

 

Building upon the MDGs, the SDGs expanded the goals and targets to be tackled by the 

international community in the next 15 years. Clean water and sanitation are addressed in goal 6 

and encompass a broader set of objectives. At the time of writing, official indicators have not 

been announced. Consultations are on-going regarding the indicators themselves as well as the 

levels of disaggregation. The United Nations statistical division, in its dedicated website, 

published the stakeholder’s various recommendations and inputs24. Regardless of the outcome 

of the consultation process, the document sheds light into the needs of different organisations 

working in Goal 6 related fields. It also points to the existing gaps between the data needed and 

the existing capabilities to collect it. This is especially the case after reviewing the limited 

available data sources and the information they provide.  

 

According to the United Nations statistical division, tracking progress of clean water and 

sanitation will remain the responsibility of the WHO/UNICEF JMP25. 

Gathering data for the GeoNode tutorial 

The GeoNode tutorial was done with the intention of recreating, to the best of my understanding, 

the working environment of the GIWEH project. The objective was to include the type of data that 

might populate the platform once the project is launched. The previous review of the MDG as 

well as SDG data sources points out the difficulties of finding appropriate data at relevant scales. 

In addition to the clean water and sanitation objectives included in the MDGs, the SDG 6 

comprises 6 additional targets for which no data is currently available. Therefore, only data on 

SDG targets 6.1 and 6.2 are included in the tutorial. Firstly, this section will go through the steps 

undertaken to produce these layers: finding the appropriate polygon shapefile with the 

boundaries of Kenya, computing county level estimates for the indicators, and creating a 

                                                
23 http://mdgs.un.org/unsd/mdg/Metadata.aspx?IndicatorId=30&SeriesId=0 
24 Documents can be downloaded from:  
http://unstats.un.org/sdgs/iaeg-sdgs/open-consultation-stakeholders 
25http://unstats.un.org/sdgs/files/open-consultation-iaeg/Consolidated metadata note from UN agencies for SDG 6 
indicators_v2015-09-04.pdf 
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shapefile allowing their visualization. Lastly, it will present a list with the specifications of all data 

uploaded into the GeoNode tutorial.  

Kenya Administrative Borders 

Since 2013, Kenya has in place a new constitution that modified the administrative divisions of 

the country. The former 8 provinces were thus divided into 46 counties corresponding to the 

former provincial districts in addition to the capital Nairobi. Finding a reliable shapefile with the 

geometry of the territorial division proved not to be so simple, as no official file depicting official 

borders existed within the sources available to me. Furthermore, special attention should be 

given to the fact Kenya maintains a territorial dispute with neighbouring South Sudan and 

Ethiopia concerning an area known as the Ilemi Triangle. The non-official sources found showed 

this territory as either South Sudanese or Kenyan, not as disputed territory. Since Kenya might 

participate in the first stages of the GIWEH project, a choice was made to depict this territory as 

Kenyan. Shall the tutorial be used in neighbouring countries; caution should be exercised not to 

present this as an endorsement of the Kenyan position. 

 

• The shapefile used is available from Esri at: 
http://www.arcgis.com/home/item.html?id=5f83ca29e5b849b8b05bc0b281ae27bc 

• Another source for administrative borders files: http://www.gadm.org/. This site is 
maintained by researchers at the University of California at Berkeley and the University of 
California Davis. Files are available for all countries in a variety of formats. 

DHS Database 

A request was submitted and granted to access to the latest DHS dataset on Kenya. The survey 

took place between 2008-09 and covered the entire country. Variables measuring access to 

clean water and improved sanitation comprises modalities in line with UN directives and 

definitions. The indicators show the ratio of the sampled households with access to clean water 

and sanitation versus total households sampled in the county. While efforts were made to 

produce data according to official UN guidelines, sample weights computed by the data provider 

reflect the former administrative boundaries’ demographics. For the purpose of the tutorial, the 

new 46 counties were used as the geographic unit of measurement. This was done despite the 

fact that no valid sample weight variable existed. For details on the computation, please see the 

appendix with the R codes used. 
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DHS GPS Data 

This document is a point shapefile, where each point represents the location of a sampled 

household. Data is collected in the field using GPS receivers. In order to attribute a county to 

each respondent, the points in this shapefile were crossed with the polygon shapefile of the 

administrative borders. According to the DHS documentation 26, the GPS readings are accurate to 

less than 15 meters. Nevertheless, in order to ensure the confidentiality of the respondents, the 

data provider randomly displaces some observations. The reposition is carried in a way that 

observations remain within the province of the original position, nevertheless, it is possible that 

some displacement might have fallen outside their respective counties.  

 

In the tutorial, the Kenya – water and sanitation layer contains the indicators computed from 

the DHS dataset. Tabular data with the results by counties were joined to the Kenya 

administrative boundaries layer.  

Other Data 

For didactic purposes, other data was included in the GeoNode tutorial. These include: 

Roads of Kenya  
Line Esri shapefile 
Published in April 2002 by FAO – Africover  
Available at: 
http://ref.data.fao.org/map?entryId=7ab0ff01-7817-4a52-86a2-5ffecbbcc82d&tab=about 
 

Rivers of Kenya 
Line Esri shapefile 
Published in April 2002 by FAO – Africover 
Available at: 
http://ref.data.fao.org/map?entryId=7d6d3396-f0de-469d-8d07-44bad06625e0 
 
 
Kenya administrative boundaries 
Polygon Esri shapefile 
Published in October 2011by Esri 
Available at: 
http://www.arcgis.com/home/item.html?id=5f83ca29e5b849b8b05bc0b281ae27bc 
                                                
26 http://dhsprogram.com/What-We-Do/GPS-Data-Collection.cfm 
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East Africa Great Lakes 
Polygon Esri shapefile 
Clipped from the ne_10m_lakes layer depicting the world’s major lakes 
Published by Natural Earth Data, version 2.0.0 
Available at: 
http://www.naturalearthdata.com/downloads/10m-physical-vectors/ 
 
Kenya GlobCover 
GeoTIFF 
Clipped from the global land cover map using the Kenya national boundary shapefile. 
Published in December 2010 by the European Space Agency 
Available at: 
http://due.esrin.esa.int/page_globcover.php 
 
Towns of Kenya 
Point Esri shapefile 
Published in April 2002 by FAO – Africover 
Available at: 
http://www.fao.org/geonetwork/srv/en/metadata.show?id=38121&currTab=simple 
 
Kenya’s population by county 
Polygon Esri shapefile 
Kenya administrative boundaries shapefile joined with 2009 census demographic figures 
published by the Kenya National Bureau of Statistics.  
Census data available at: 
http://www.knbs.or.ke/index.php?option=com_phocadownload&view=category&id=109:populati
on-and-housing-census-2009&Itemid=599 
 

Discussion 

GeoNode constitutes a suitable GIS tool to launch the GIWEH project. The applications and 

technical possibilities that the platform provides are consistent with the project’s core philosophy. 

GeoNode focus on data allows project participants not only to upload data concerning their 

regions but to compare it against others and most importantly, to do so in a platform available to 

all interested parties regardless of their GIS skills. This inclusiveness can help guarantee 

transparency among the stakeholders. Moreover, the benefits of adopting open and widely used 

standards and software go beyond these features. From the institutional point of view, 

compliance with OGC standards means that the technology upon which the project is based will 

most likely be compatible with that of other organisations’ projects. This lowers the frictions 

associated with technological compatibility, allowing decisions on eventual partnerships to be 

determined solely by GIWEH and its partners policy strategies. As we have seen, a large 



Deployment of a geospatial data platform for the monitoring of water management indicators 
 

 22 

community is responsible for the development of GeoNode. IT professionals as well as 

international organisations contribute to the improvement and enlargement of the software 

functionalities. By implementing these solutions, GIWEH can both benefit and contribute to this 

endeavor. Lastly, by implementing technological applications inline with GEO and OGC efforts to 

develop a globally compatible system, GIWEH will effectively fulfill its mission towards capacity 

building. Indeed, personnel in partner countries will acquire expertise in the utilization of a tool 

that can serve beyond water management. 

Skills Needed to Use and Administer the Platform 

Through the tutorial, the aim was to reproduce and explain the basic tasks that need to be 

performed in the framework of the GIWEH project. If deployed, the platform will have to be 

customized, not only to comply with GIWEH’s graphical identity, but to match the technical needs 

the platform must have in order to become the useful tool it aspires to be. In the first stages of the 

project, input from partners on the ground will be paramount to defining the needs of the SDI and 

fine-tuning its functionalities. While this process is simplified by the flexibility of the platform, 

defining the most adequate workflow will imply the use of other GIS and statistical tools. This has 

been the case with most of the data used in the course of the internship, although none of these 

tasks were addressed in the tutorial. Capacity building programmes will have to address the main 

aspects of geospatial data production. It is worth noting that open source software exists to 

undertake most of the related work. As an example, the layers on water accessibly and sanitation 

used in the tutorial were produced using R and QGIS, both of which are free and open source 

applications. Tutorials for these applications exist, and if necessary can be adapted to GIWEH 

requirements with relative ease. 

 

Installing and customizing GeoNode, on the other hand, requires the mastering of a broader set 

of skills. The application is built upon PostGIS and Python geospatial libraries, its environment is 

based on the Django web framework and its front-end is constructed in the JavaScript library 

JQuery. Personnel proficient in these industry standards will be required to further develop the 

platform.  

Implementation Possibilities  

Installing GeoNode and all related applications in a virtual machine greatly simplifies the 

deployment and customisation of the platform. Implementing this solution allow liaison staff in 
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partner countries to concentrate in data collection and updates without the need to master the 

computer languages mentioned above. The virtual machine can be customized by GIWEH and 

uploaded to the web for the liaison personnel to download and install in their respective 

countries. These features allow GIWEH to concentrate technical support in one place. 

Maintenance and updates are simplified, as the virtual machine can be “repacked” in an OVA file 

and sent back to GIWEH for repairing without data loss. 

Limits 

Since its launching GeoNode has been implemented by leading organisations worldwide, 

attesting to the reliability of the platform. Furthermore, its open source nature means that 

improvements are nourished by feedback from the many developers involved in the community. 

However, GeoNode remains a new technology and as such, there are still technical issues that 

have to be taken into account. Examples of problems encountered while working in the tutorial 

include:  

 
• While uploading layers, some shapefiles created in QGIS loose their features when 

uploaded into GeoNode for not apparent reason; 
• Styles are not always updated in the thumbnails of the Exploring Layers menu; 
• In the map visualization page, the zooming in and out tends to block; 

 
• Editing styles through the layer visualization page in GeoNode tends to erase the SLD 

code in GeoServer.  
 
While these problems can at times be frustrating, in no way they impair the applicability of 

GeoNode. Moreover, new and improved versions of the platform are released in regular basis 

addressing these and other issues. The GeoNode community forum is an exchange platform 

where common problems can be discussed and resolved. In the framework of the GIWEH 

project, technical support will have to be given to participants to help them bypass any eventual 

malfunction. 
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Appendix 

Clean	water	index	–	R	computation	code	

########################	
#	INSTALL	DB	###########	
########################	
	
install.packages("foreign")	
#to	read	data	from	other	stats	software	
#http://www.statmethods.net/input/importingdata.html	
	
library(foreign)	
mydata	<-	read.dta("/Users/Abel/Desktop/GIWEH/DHS	
_Rproj/KE_2008-09_DHS_10132015_512_84036/kehr52dt/KEHR52FL.DTA")		
	
########################	
#	DRINKING	WATER	#######	
########################	
	
#	Aims	to	measure	:		
#		6.1.1	:		source	of	drinking	water.	
#					the	indicator	says	"on	premises	and	available	when	needed"		
	
########################	
#	VARIABLES	############	
########################	
	
summary(mydata$hv201)	
class(mydata$hv201)	
plot(mydata$hv201)	
#	No	missing	values	
missing	<-	which(is.na(mydata$hv201))	
summary(missing)	
#needs	to	be	recoded	according	to	indicator	definition	
	
########################	
#	RECODE	###############	
########################	
	
mydata$DrinkWtrCat[mydata$hv201	==	"piped	into	dwelling"]	<-	1	
mydata$DrinkWtrCat[mydata$hv201	==	"piped	to	yard/plot"]	<-	1	
mydata$DrinkWtrCat[mydata$hv201	==	"public	tap/standpipe"]	<-	1	
mydata$DrinkWtrCat[mydata$hv201	==	"tube	well	or	borehole"]	<-	1	
mydata$DrinkWtrCat[mydata$hv201	==	"protected	well"]	<-	1	
mydata$DrinkWtrCat[mydata$hv201	==	"unprotected	well"]	<-	0	
mydata$DrinkWtrCat[mydata$hv201	==	"protected	spring"]	<-	1	
mydata$DrinkWtrCat[mydata$hv201	==	"unprotected	spring"]	<-	0	
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mydata$DrinkWtrCat[mydata$hv201=="river/dam/lake/ponds/stream/canal/irirgatio
n	channel"]	<-	0	
mydata$DrinkWtrCat[mydata$hv201	==	"rainwater"]	<-	1	
mydata$DrinkWtrCat[mydata$hv201	==	"tanker	truck"]	<-	1	
mydata$DrinkWtrCat[mydata$hv201	==	"cart	with	small	tank"]	<-	"other"	
mydata$DrinkWtrCat[mydata$hv201	==	"bottled	water"]	<-	"other"	
mydata$DrinkWtrCat[mydata$hv201	==	"other"]	<-	"other"	
	
	
class(mydata$DrinkWtrCat)	
summary(mydata$DrinkWtrCat)	
#mean	66.49	
	
########################	
#	SUBSETTING	###########	
########################	
	
	
myvars	<-	c("hv001","hv025",	"hv026",	"hv201","DrinkWtrCat",	"hv204",	"hv205",	
"hv225",	"hv235",	"hv236",	"hv005")	
wtr.data<-	mydata[myvars]	
head(wtr.data)	
	
#searching	for	the	Kajiado	points	missing	in	the	final	shapefile	
#points	CHCLUST	:	358,	106,	277,	324	
kajiado	<-	wtr.data[wtr.data$hv001	%in%	c(358,	106,	277,	324),]	
head(kajiado)	
nrow(kajiado)	
	
	
xtabs(~wtr.data$hv026	+	wtr.data$DrinkWtrCat	)	
#	number	of	total	observations	with	safe	water,	by	type	of	place	of	residence	
	
########################	
#	LOAD	AND	MERGE	SHP	###	
########################	
	
#upload	shapefile	
library(rgdal)	
DHS.pts	<-	readOGR(dsn="/Users/Abel/Desktop/GIWEH/DHS	
_Rproj/DHS.points.counties",	layer="DHSpoints")	
names(DHS.pts)	
	
#links	the	shapefile	TO	the	data	frame	
ref.pt	<-	as.data.frame(DHS.pts[,	c("COUNTY",	"DHSCLUST")])	#	keeps	only	the	
fields	we'll	use	
wtr.data	<-	merge(wtr.data,	ref.pt,	by.x	=	"hv001",	by.y	=	"DHSCLUST")	
	
head(wtr.data)	
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#ignore	rows	with	no	county	information	-		hv001	==	27	
wtr.data	<-	wtr.data[!(wtr.data$hv001	==	27),	]	
	
########################	
#	VALUES	PER	COUNTY	####	
########################	
	
#	observations	by	county	
table(wtr.data$COUNTY,	wtr.data$DrinkWtrCat)	
	
#	accounting	for	survey	weights	
sanitation$wgt	<-	sanitation$hv005/1000000	
wtr.data$wgt	<-	wtr.data$hv005/1000000	
head(wtr.data$wgt)	
xtabs(wtr.data$wgt~wtr.data$COUNTY+wtr.data$DrinkWtrCat)	
	
#	%	per	county	-	the	,1	tells	R	to	calculate	by	column	
wtr.value<-as.data.frame.matrix(prop.table(xtabs(wtr.data$wgt~wtr.data$COUNTY	
+	wtr.data$DrinkWtrCat),1)*100)	
wtr.value	
	
colnames(wtr.value)<-c("%	not	safe",	"%	safe",	"%other")	
head(wtr.value)	
	
########################	
#	EXPORT	###############	
########################	
	
#export	to	exell	
#install.packages("xlsx")	
library(xlsx)	
write.xlsx(wtr.value,	"/Users/Abel/Desktop/GIWEH/safe_wtr.xlsx")	
 

Improved	sanitation	index	–	R	computation	code	

library(tigerstats)	
#	Aims	to	measure	:	
#			6.2.1	Percentage	of	population	using	safely	managed	sanitation	services	
#							also	add	households	not	sharing	toilet	facilities	with	others	-	hv225	
(inlcluded	in	newdata	data.frame)	
	
########################	
#	VARIABLES	############	
########################	
	
#type	of	toilet	
mydata$toilet	<-	as.factor(mydata$hv205)	
str(mydata$toilet)	
head(mydata$toilet)	
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plot(mydata$toilet)	
	
#shaered	toilet	facility	
summary(mydata$hv225)	
class(mydata$hv225)	
mydata$hv225	<-	as.factor(mydata$hv225)	
sort(unique(mydata$hv225))	
plot(mydata$hv225)	
#	0	=	NO	
#	1	=	YES	
#	9	=	missing	
#	NA	=	NotAppl	
	
	
plot(mydata$toilet~mydata$hv225)	
	
	
#number	of	households	sharing	toilet	
summary(mydata$hv238)	
	
########################	
#	SUBSETTING	###########	
########################	
	
#subsetting	sanitation	relevant	variables	
vars.sanitation	<-	c("hv225",	"hv205","hv238",	"hv001","hv005")	
sanitation	<-	mydata[vars.sanitation]	
	
#create	a	weight	variable.	attn!	values	calculated	to	reflect	the	population	of	
the	pre-2010	administrative	subdivision	
sanitation$wgt	<-	sanitation$hv005/1000000	
head(sanitation$wgt)	
#	ignore	missing	values	in	hv205...		
#	if	there's	no	information	on	the	type	of	toilet,	it	doesn't	matter	if	toilets	
are	shared.	
#	exemple	how	to	subset	data	frame	according	to	values	in	one	variable	
d<-d[!(d$A=="B"	&	d$E==0),]	
	
sort(unique(sanitation$hv205))	
unique(is.na(sanitation$hv205))	
#	NO	MISSING	VALUES	IN	hv205	
	
	
########################	
#	RECODE	###############	
########################	
	
#	Recode	according	to	SDG	definition	
unique(sanitation$hv205)	
#	1=type	of	toilet	



Deployment of a geospatial data platform for the monitoring of water management indicators 
 

 31 

sanitation$toilet[sanitation$hv205	%in%	c(11,	12,	13,	21,	22,	41)]	<-	1	
sanitation$toilet[sanitation$hv205	%in%	c(14,	23,	31,	42,	43)]	<-	0	
sanitation$toilet[sanitation$hv205	%in%	c(15,	96,	99)]	<-	"na"	
	
sanitation$toilet	<-	as.factor(sanitation$toilet)	
plot(sanitation$toilet)	
	
#	hv225	NA	are	non	applicable.	how	to	recode	this	rows?	
summary(sanitation$hv225)	
class(sanitation$hv225)	
	
####	Give	NotAppl	value	to	the	NAs	
sanitation$shared	<-	as.character(sanitation$hv225)	
#turning	the	factor	into	a	string	
NotAppl	<-	which(is.na(sanitation$hv225))	
#identify	missing	cases	
sanitation$shared[NotAppl]	<-	"NotAppl"	
#	recode	missing	
sanitation$shared	<-	as.factor(sanitation$shared)	
#	transform	back	into	a	factor	
summary(sanitation$shared)	
	
#	Check	the	distribution	of	NonAppl	in	the	by	type	of	toilet		
xtabs(~sanitation$toilet	+	sanitation$shared)	
#	all	NotAppl	have	unimproved	toilets	
xtabs(~sanitation$hv205	+	sanitation$shared)	
#	it	applies	to	the	HH	that	have	no	facility	(sanitation$hv205	==	31)	
	
#	properly	disposes	feaces	and	is	not	shared	with	other	HH	
sanitation$adequate[sanitation$toilet	==	1	&	sanitation$shared	==	0]	<-	
"improved"	#	improved,	not	shared	
sanitation$adequate[sanitation$toilet	==	1	&	sanitation$shared	%in%	c(1,	9,	
"NonAppl")]	<-	"unimproved"	#	improved,	shared	
sanitation$adequate[sanitation$toilet	==	0]	<-	"unimproved"	#	unimproved	
sanitation$adequate	<-	as.factor(sanitation$adequate)	
summary(sanitation$adequate)	
xtabs(~sanitation$toilet+sanitation$adequate)	
	
	
########################	
#	LOAD	AND	MERGE	SHP	###	
########################	
	
#upload	shapefile	
library(rgdal)	
DHS.pts	<-	readOGR(dsn="/Users/Abel/Desktop/GIWEH/DHS	
_Rproj/DHS.points.counties",	layer="DHSpoints")	
names(DHS.pts)	
	
#links	the	shapefile	TO	the	data	frame	



Deployment of a geospatial data platform for the monitoring of water management indicators 
 

 32 

ref.pt	<-	as.data.frame(DHS.pts[,	c("COUNTY",	"DHSCLUST")])	#	keeps	only	the	
fields	we'll	use	
sanitation	<-	merge(sanitation,	ref.pt,	by.x	=	"hv001",	by.y	=	"DHSCLUST")	
	
head(sanitation)	
	
#ignore	rows	with	no	county	information	-		hv001	==	27	
sanitation	<-	sanitation[!(sanitation$hv001	==	27),	]	
	
########################	
#	VALUES	PER	COUNTY	####	
########################	
	
#pourcentage	par	county	-	the	,1	tells	R	to	calculate	by	column	
temp	<-	as.data.frame.matrix(prop.table(xtabs(sanitation$wgt~sanitation$COUNTY	
+	sanitation$adequate),1)*100)	
temp	
	
#creer	objet	avec	table	contenant	les	index	par	county	
san.idx<-	as.data.frame.matrix(xtabs(sanitation$wgt~sanitation$COUNTY	+	
sanitation$adequate))	
	
san.idx	<-	cbind(san.idx,	temp)	
colnames(san.idx)<-c("improved",	"unimproved",	"%	improved",	"%	unimproved")	
summary(sanitation$adequate)	
	
	
########################	
#	EXPORT	###############	
########################	
	
#export	to	exell	
#install.packages("xlsx")	
library(xlsx)	
	
write.xlsx(san.idx,	"/Users/Abel/Desktop/GIWEH/sanitation.xlsx")		
	


