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Introduction



This course presents a practical guide for using a geographic information system (GIS) to integrate, visualize, and analyze geographically-referenced data extracted from the Demographic and Health Surveys (DHS) and other key data sets to facilitate monitoring and evaluation (M&E) of HIV/AIDS and related health programs. To make the course accessible to learners without commercial GIS software licenses, the course focuses on the use of free and open source software (FOSS).

 

The course includes a number of practical exercises which will allow you to apply what you have learned, using the FOSS - QGIS. These exercises are estimated to add an additional three hours to completing the course.



Objective

Upon completion of the course, learners will be able to:



	Define a GIS and articulate the value of using a GIS to integrate, visualize, and analyze program data.

	Differentiate the primary uses of several free and open source GIS software options.

	Explain the fundamentals of geographic data, including the shapefile format.

	List the principal geo-referenced sources for HIV/AIDS data and explain how their geographic structure can be leveraged for M&E of HIV/AIDS and related programs.

	Recognize the types of M&E questions that can be answered using the highlighted data sets and GIS software packages.

	Use the free and open source GIS software package, QGIS, to perform essential GIS tasks needed to respond to typical M&E questions.





Target Audience

Although the course is designed primarily for M&E professionals working for or with HIV/AIDS programs in countries receiving Global Health Initiative/PEPFAR support, analysts and decision makers from other public health programs will benefit from the techniques and data sources explained.



Time

2 hours for main course, plus an additional 3 hours for the (optional) practical exercises.



Instructions for PDF version

Glossary terms are highlighted like this. Terms are defined in Appendix 1. Appendix 2 contains the instructions for the Practical Exercises. Quiz questions and answers are included at the end of each Session. Original links are provided in text format where appropriate.


Session 1: The GIS Advantage



After completing this session, learners will be able to:

 

	Define the meaning of GIS and identify some common uses of a GIS.

	Identify the five components of a GIS: hardware, software, geographically-referenced data, procedures, and people (both users and technical staff).

	Identify the six primary functions of a GIS: collect, store, query, analyze, display, and output geographic data.

	Describe two examples of how a GIS can be used for monitoring and evaluating an HIV/AIDS program.

	Describe a situation in which GIS data can be linked to facilitate program integration.



 



What is a GIS?

 

For the sake of convenience, a geographic information system (GIS) can be thought of as a database linked to a map. This is a simplistic definition; in reality a GIS has five main components: hardware, software, geographically-referenced data, procedures, and people (both users and personnel).
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Six Primary Functions

 

A GIS can also be defined in terms of its six primary functions with respect to geographically-referenced data:
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This data can be captured in a series of spatial data files. These files can be overlaid with each other and with base data and imagery to enable further analysis and visualization. The following sections will provide more details related to each function.



Data Capture

 

Data can be captured for use in a GIS from a variety of sources, including paper maps, satellite imagery, and GPS (global positioning system) receivers.
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Data Representation

 

Spatial data can be stored as a vector-based data file or a raster-based data file. These data storage types represent two distinct ways of abstracting reality for use in a GIS:



	Vector-based data is a memory-efficient way of storing and representing data, and is useful for measuring distances or areas and for drawing buffers or doing network analysis.

	Raster-based data (the type which comes directly from satellite scans) generally requires more memory, but can be useful for performing advanced geographic which might require zonal statistics or kernel density estimation.





GIS software generally provides two different sets of tools, which require two different user skillsets, for these two types of data analysis. Most of the examples provided in this course concern vector data analysis.
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Data Query

 

Spatial data can be queried either by its location or by its attributes.
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Data Analysis

 

Some examples of spatial data analysis which are possible with a GIS:
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Data Display

 

Data from a GIS can be displayed in map, graphic, or table form, or often a combination of all three.
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Data Output

 

GIS data can be output to paper or electronic formats, and also stored within a formatted project file for further visualization and analysis.
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General GIS Advantages

 

If a picture is worth a thousand words, a map generated using a GIS might be worth a thousand tables. A person looking at a GIS-based map can quickly detect whether data are clustered, dispersed, or randomly distributed in a given geographic area.

 



The ability to use GIS maps to identify clusters provides a distinct advantage in targeting health program interventions. The map below shows clear patterns in HIV prevalence rates that are not immediately evident when viewing the table in list form.
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A GIS is capable of much more than simply creating maps. A GIS has the ability to conduct geographic queries and analysis that can provide information for evidence-based decision-making. An example might include:



	the identification of populated areas outside a certain distance or travel time from a voluntary counseling and testing (VCT) clinic, or

	the identification of all health facilities within 1 kilometer of a public road.





Most importantly, using a GIS to link and integrate datasets from multiple sectors within a country, such as those pertaining to HIV/AIDS, family planning and reproductive health (FP/RH), tuberculosis (TB), education, demographics, agriculture, energy, etc. can produce fresh insights for program planning. Linking and integrating datasets using common geographic identifiers, such as district name or district code, has the added benefit of strengthening the national spatial data infrastructure (NSDI).



Cross-Cutting Tool
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The HIV/AIDS epidemic exhibits a geographic (also called spatial) distribution or footprint within a given country. As a result, a GIS can be used in every phase of monitoring and evaluation of HIV/AIDS programs—from planning and implementation to results—to visualize and analyze data. This cross-cutting nature of the tool makes it a very powerful resource for M&E and programmatic decision-making.



 

During the planning phase, for example, a GIS can be used to map populations at risk in relation to the location of program activities and the resources available to respond to that risk. This GIS-derived information can be critical for effectively targeting interventions.



During the implementation phase, a GIS can be used to map and analyze such factors as where services have been delivered, which populations have been served, and where resources are either depleted or sitting idle.

 



During the results phase, a GIS can be instrumental in identifying where observed outcomes and impacts fell short of or exceeded program targets.

 





Geographic Identifiers as Part of the Data Collection Process

 

The survey and surveillance data collection process recommended by PEPFAR is illustrated below. In order to be used in a GIS, these databases need to contain geographic identifiers.
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Geographic identifiers can be unique identifiers for:



	Health facilities (such as street addresses or GPS coordinates),

	Administrative divisions (such as district codes or province names),

	Population-based clusters (such as those used by DHS), or

	Venues (social meeting locations) for most-at-risk populations (street addresses or geographic coordinates, or possibly city or neighborhood names).





These geographic identifiers provide the foundation for understanding the geographic distribution of HIV/AIDS within a country, which is particularly useful for HIV/AIDS program planning.





Targeting of Interventions

If data are available below the national level, a GIS can help target interventions more precisely to make more effective use of finite program resources. In the case of Rwanda, for example, a district-level map of HIV prevalence indicates a greater need for intervention in the urban center of the country, primarily in the three districts that include parts of the City of Kigali.
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If program data are disaggregated by gender, a GIS can be used to target interventions even more specifically. When HIV prevalence is mapped in this way, it is possible to see the breakdown of HIV by both district (rates for both genders) and gender (rates for males vs. rates for females). For instance, the map shows that in many districts in Rwanda, more women than men are living with HIV. This information might be used to more effectively target HIV prevention efforts.
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Data Linking and Program Integration

If databases share common geographic identifiers, such as district names or especially codes, a GIS can be used to link them together. Linking databases using names of geographic entities, such as administrative divisions or health facilities, can lead to mismatches based on slight differences in spelling (as seen in the graphic below, Makuru versus Mukuru for a district name—spelled one way in the “National Orphan Report,” and another way in the “US government report”). For that reason, it is generally preferable to link databases using unique codes as the geographic identifiers (District Code = 1004).
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Linking databases can facilitate program integration, which is a core principle of the U.S. Global Health Initiative (http://www.ghi.gov/) and PEPFAR ( http://www.pepfar.gov/.) This is because linking databases offers opportunities to see patterns in the data that would not be evident if data were not linked.



For instance, PEPFAR recognizes the significant health benefits that can be achieved for women and children through integration of Prevention of Mother-to-Child Transmission (PMTCT), pediatric HIV, and Maternal and Child Health (MCH) services (PEPFAR 2011). For example, a case study from Kenya published in 2004 has shown that HIV-positive women who receive integrated antenatal care (ANC) and HIV voluntary counseling and testing (VCT) services are more likely to take specific actions that help mitigate the risk of transmitting HIV to their children and partners (Farquhar C et al. 2004).

 



In addition, since TB and HIV are considered co-epidemics, there is a strong logic for integrating these services. There are many other opportunities for program integration as well, such as integrating certain family planning and reproductive health services with HIV/AIDS services and vice versa. Through data linking, a GIS can play a pivotal role in facilitating the program integration process.

 



As an additional benefit, linking data using GIS strengthens the national spatial data infrastructure (NSDI) by creating more geographically referenced data. The NSDI is the collective effort to create spatially referenced datasets throughout the public and private sectors. In many countries, the effort is managed through a national body that coordinates data standards. For more information, visit the Global Spatial Data Infrastructure Association (GSDI) (http://www.gsdi.org/.)



In Summary



	A GIS is a database linked to a map. It has 5 main components (hardware, software, geographically-referenced data, procedures, and people).

	The primary functions of a GIS are to capture, store, query, analyze, display, and output geographically-referenced data.

	A GIS can display data on a map, which has the advantage of helping the user quickly visually detect the distribution of data in a particular area.

	The information analyzed by a GIS can help with evidence-based decision-making concerning the targeting of interventions.

	A GIS can also help with data linking and program integration.









Practical Exercises—Session 1

Using a GPS receiver for Data Capture



There are over 24 GPS (Global Positioning System) satellites orbiting the earth every 12 hours, at an altitude of approximately 20,000 Km. Each satellite has an extremely accurate clock on board and is constantly sending its information down to earth, where it can be received with an inexpensive hand-held device called a GPS receiver. As long as 4 or more of these satellite signals are strong enough to be detected (from overhead and from closer to the horizon, in various directions), the receiver unit can pinpoint any position on the earth’s surface.



The online version of this course includes a widget which simulates a hand-held GPS receiver (as seen below) and walks the user through a data collection scenario (highlighted areas lead to buttons or explanations of standard unit parts). By following the interactive exercise, you can become familiar with a typical hand-held GPS receiver unit and its capabilities, and you get a chance to practice formatting and collecting geographic coordinates which are tied to a hypothetical data record.



The exercise is estimated to take approximately 5 minutes to complete.
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Link to GPS widget: http://www.cpc.unc.edu/measure/resources/training/online-courses-and-resources/certificate-courses/gis-techniques/gps-widget/







Session 1: Knowledge Recap




QUESTIONS:

1. What are the six primary functions of a GIS with respect to geographically-referenced data?




a) Capture, store, query, analyze, display, and output

b) Create, edit, transfer, share, input, and output

c) Input, map, symbolize, revise, print, and distribute

d) Map, calculate, query, buffer, display, and output




2. Linking and integrating datasets using a GIS, which can produce fresh insights for program planning and strengthen the national spatial data infrastructure (NSDI), require what information to be shared in common by the datasets?




a) Common attributes (e.g., HIV prevalence by district)

b) Common geographic coordinate systems

c) Common geographic identifiers (e.g., district names or codes)

d) Common number of records



3. What are the five components of a geographic information system (GIS)?




a) Spheroids, datums, coordinate systems, projections, and maps

b) Hardware, software, technical personnel, technical documentation, and data

c) Hardware, software, user manual(s), people (both users and technical personnel), and non-spatial data

d) Hardware, software, procedures, people (both users and technical personnel), and geographically-referenced data



4. For the purpose of monitoring and evaluation (M&E) of HIV/AIDS programs, a GIS is only usefulfor assessing program impacts and outcomes.




True or False?



5. What are some of the key advantages of using a GIS for M&E of HIV/AIDS and related programs?




a) A GIS is a cross-cutting tool that can be used throughout the M&E process

b) GIS data linking promotes program integration, which is one of the core principles of the Global Health Initiative (GHI) and the U.S. President’s Emergency Plan for AIDS Relief (PEPFAR)

c) A GIS facilitates more effective targeting of interventions through identification of clusters and hot spots, especially when geographically-referenced data are available at a more detailed geographic level and/or disaggregated by sex.

d) All of the above



ANSWERS:




 

1) (a) Capture, store, query, analyze, display, and output

2) (c) Common geographic identifiers (e.g., district names or codes)

3) (d) Hardware, software, procedures, people (both users and technical personnel), and geographically-referenced data

4) (False) A GIS is a cross-cutting tool that can be used to view and analyze data throughout the M&E process, from the planning phase through the implementation and results phases.

5) (d) All of the above






Session 2: Getting Started with GIS Software and Data



Many free and open source software (FOSS) solutions exist for mapping and analyzing geographically-referenced data. This session will explore a variety of the options available. QGIS is the most fully functional FOSS GIS available, and can be used to complement other FOSS solutions for analysis and production of publication-quality maps. The practical exercises at the end of each session are designed specifically for this solution. To use QGIS (or any other GIS) effectively requires an understanding of geographic data fundamentals.



After completing this session, learners will be able to:



	Explain the fundamentals of geographic data, including the shapefile format.

	Differentiate the primary uses of several free and open source GIS software options.

	Identify QGIS advantages, considerations for use, and key support resources.

	Download, install, and explore QGIS for Windows.







What is Geographic Data?
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Before getting started with any GIS software, it is important to review some of the fundamentals of geographic data and data storage.



This section and the following sections of this session provide a condensed review of geographic data fundamentals. For more detailed information, please see the Geographic Data session of the Geographic Approaches to Global Health course.



http://www.globalhealthlearning.org/course/geographic-approaches-global-health



Geographic data can be mapped. Data points become geographic by assigning them locations in relation to the surface of the Earth. In practical terms, this is accomplished using geographic identifiers, which are pieces of information that specify the physical location of something. Some examples might be district names, longitude and latitude, or street addresses.





Geographic Data Transformations



Longitude and latitude describe locations on the three-dimensional surface of the Earth (they are one type of GCS, or geographic coordinate system), and are therefore considered to be “unprojected.” Longitude and latitude are based on “slices” of the globe and are therefore larger at the equator than at the poles. They are excellent for original data capture and storage, but can be difficult to use for accurately measuring surface areas, perimeters, and distances.

 

Prior to such measurements, it is recommended that raw latitude/longitude coordinates be transformed or “projected” onto a flat surface. It is important to use a projection method that best preserves the characteristic being measured. All projections in some way warp shape, distance, or direction during transformation from a 3D to a 2D surface. The online version of this course links to a one-minute video, courtesy of ESRI, which describes the challenges of different map projections and the map projection decisions that GIS users must make. The web address for the link to the video can be found below the screenshot.

 

Many texts exist to help with selecting a projection that is suitable for a given geographic area. A GIS can be used to aid this transformation.
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Link to Video from ESRI Corporation, “Map Projections and GIS”: https://www.youtube.com/watch?v=e2jHvu1sKiI





Geographic Dataset’s Metadata
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The projection for a dataset should be specified in the dataset’s metadata, which is “data about data.” At a minimum, the metadata should include:



	Data source (organization name/contact information)

	Date data was collected and/or modified

	Coordinate system, projection, and datum used to specify the locations and shapes of features represented in the dataset

	Scale at which data was collected (and should therefore be used)





A geographic dataset cannot be used with confidence if it is not accompanied by good metadata, so GIS users should insist on complete metadata wherever possible, especially when purchasing a dataset.

 

It should be noted that there are several key geographic metadata standards, including the ISO 19115 (from the International Standards Organization) and the US FGDC (United States Federal Geographic Data Committee).





Representing Geographic Data
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Geographic data can be represented in two primary ways: vector and raster.

 

Vector data consists of points (e.g., health facilities), lines (e.g., roads), and polygons (e.g., health districts), whereas raster data is arranged in rows and columns in which each grid cell or “pixel” has a set size and a range of attribute values (for example, a satellite image might be composed of grid cells that each represent 30 meters by 30 meters on the Earth’s surface and that have attribute values ranging from 1 to 10 based on whether the pixels represent urban, agriculture, forest, etc.).



Another name for the points, lines, and polygons used to represent vector data is “geographic primitives.” The vector format requires less disk space for storage, which makes it a more efficient format for uses such as network and other types of distance analysis. Remotely imaged data, such as satellite-captured vegetation or elevation data, is captured in raster format. The storage size of raster files is highly dependent on the cell (pixel) size, or the “resolution” of the images. In general, high-resolution raster files are much larger than vector files, over an identical area. Also, though raster and vector data can be used together in a GIS, it should be noted that users will need differing skill sets and tools to work with and analyze raster data vs. vector data.

 

One of the most common file types for storing vector data has historically been the shapefile. A shapefile is actually a collection of several files which contain not only geographic information such as an object’s coordinates, but also other information such as attributes or projection information. As a result of the trend toward open data formats, however, geographic data are increasingly being made available in file formats that can be read with a simple text editor, such as KML and GeoJSON.

 

QGIS, the free and open source software that will be introduced in more detail in the following pages, can import and export geographic data in a variety of vector file formats, including shapefile, KML, and GeoJSON. For this course, we will primarily use spatial and attribute data linked together in shapefile (vector) format.

 

 

FOSS GIS and Related Options

 

GIS expertise was once the exclusive domain of technical specialists using commercial software purchased and licensed from a small community of vendors. Additionally, free and open source software (FOSS) GIS solutions were generally considered not to perform as well as commercial products, which made them less likely to be chosen.

 

The situation has changed in recent years. FOSS GIS options are becoming increasingly available, functional, and in demand, with a growing online user presence, and are emerging as comparable to commercial products in functionality. A 2-minute video from MEASURE Evaluation (link is embedded in online version of course and also given below) shares more about this evolution.
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Link to Video from MEASURE Evaluation Geospatial Group, “Mapping Software Overview”: https://www.youtube.com/watch?feature=player_embedded&v=nyodKVi7abY



NOTE: Though most of the software options reviewed in this session are available to users free of charge, not all of them are open source. The term “open source” refers to the program code being freely shared and contributed to by a user community.





QGIS Advantages



QGIS is a desktop GIS solution for Windows, Linux, BSD, and Mac OS X. As a fully functional GIS solution, QGIS allows users to create, store, query, analyze, display, and output spatial data using a variety of input and output formats. QGIS can be used to satisfy the vast majority of day-to-day GIS requirements for public health officers who have some training in the software. This makes QGIS a reasonable FOSS (free and open source) alternative to commercial GIS packages such as ArcGIS, especially in limited-resource settings.



A 2-minute video from MEASURE Evaluation (link is embedded in online version of course and also given below) highlights some of the key advantages of using QGIS:
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Link to Video from MEASURE Evaluation Geospatial Group, “QGIS as a Mapping Software Option”: https://www.youtube.com/watch?feature=player_embedded&v=nyodKVi7abY



	Available for Windows, Linux, BSD, Mac OS X, and Android.

	Fully functional GIS.

	Can import and export spatial and attribute data in a variety of formats (shapefile, personal geodatabase, KML, GeoJSON, etc.).

	Can import, map, and export GPS data.

	Can execute a wide range of GIS queries and analysis on data layers based on either their spatial or non-spatial attributes; this functionality is lacking in many of the leading web-based FOSS solutions such as the District Health Information System 2 (DHIS 2) or DevInfo.

	Is an excellent complement to other GIS packages, such as DHIS 2 or DevInfo, for the creation of publication-quality maps.

	Possesses good online documentation (http://qgis.org/en/docs/index.html), including a user manual and tutorial.

	Boasts a growing user community that has facilitated an increase in the level of available technical support using web-based FAQs as well as an active forum (http://gis.stackexchange.com/) of both new and experienced users asking questions and trading information.

	Provides an interface that can be displayed in several languages.







QGIS Considerations and Resources

 

Before selecting QGIS as a potential GIS solution, users should consider the following:



	QGIS is not a commercial product, so technical support is not as readily available as it would be under a maintenance contract from a commercial vendor.

	The relative lack of technical support makes it more important for QGIS users to have some GIS training and to be able to troubleshoot problems using the more limited resources available.

	The QGIS software package has historically been updated fairly frequently.

	Although the pace of updates has recently slowed, there is no guarantee of consistency in the release schedule. Frequent functionality and interface changes between versions can be significant, which can require a non-trivial effort to relearn the software.

	QGIS currently lags a bit behind ArcGIS, the leading commercial GIS software, in overall functionality for vector analysis and print output.



	This is especially true with respect to batch processing of large volumes of data, complex spatial analyses such as network analysis, and manipulation of cartographic elements in map layouts for publication.





Despite these considerations, QGIS is a strong product with a growing user community. In addition to online technical support through mailing lists, chat, forums, and user groups, QGIS offers the following resources, available on their website (http://qgis.org/en/site/forusers/index.html):



	User Guide/Manual for QGIS 2.0

	A Gentle Introduction to GIS

	See the Appendix and “Practical Exercises” sections of this course for additional QGIS training resources.







Other Mapping Options
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QGIS is not the only free GIS solution. This page provides a synopsis of a few other mapping options available for spatial data display and analysis.



District Health Information System 2 (DHIS 2) (http://www.dhis2.org/) is a web-based software from the Health Information Systems Programme (HISP) ( http://www.hisp.org/) that provides a very attractive and easy-to-use dashboard interface that can display maps and statistical graphics (bar charts, pie charts, etc.).

 

DevInfo (http://www.devinfo.org/) is an open-access, customizable web-based data visualization software from the United Nations that was designed for monitoring and reporting progress on the Millennium Development Goals (MDGs), although the software also supports the mapping and analysis of other indicators based on data provided by users.

 

StatCompiler (http://www.statcompiler.com/) is a web-based data visualization program from The DHS Program (http://www.dhsprogram.com/) that allows users to map and analyze Demographic Health Survey (DHS) data such as HIV indicators for more than 70 countries.

 

Epi Info (http://wwwn.cdc.gov/epiinfo/) is a desktop software package from the U.S. Centers for Disease Control and Prevention (CDC) that provides a simplified core suite of tools for public health professionals to use for collecting, visualizing, analyzing, and reporting epidemiologic data.

 

Excel to Google Earth (E2G) (http://www.cpc.unc.edu/measure/e2g) is an Excel macro (a mini-program that runs within Excel) available free from MEASURE Evaluation that provides decision-makers and analysts who have no GIS access or training with the ability to create color-shaded maps in Google Earth using data stored in an Excel spreadsheet.

 

Google Maps (https://maps.google.com/) and Google Earth (http://www.google.com/earth) are free mapping tools from Google, both of which can be leveraged for public health studies.

 

GeoCommons (http://geocommons.com/) is a free online mapping and data-sharing site from FortiusOne that offers a simple and attractive suite of data visualization tools.

 

OpenGeoDa (https://geodacenter.asu.edu/projects/opengeoda) allows users to conduct exploratory spatial data analysis (ESDA) using a variety of statistics-based data visualization techniques.

 

For more details, view our Suggested Uses and Considerations for these mapping options, in the Appendix.





In Summary



	In order to be mapped, data must contain geographic identifiers. Common geographic identifiers will also allow one dataset to be linked to another.

	Metadata (data about the data—where and when and why it was collected) is important.

	Geographic data can be represented in vector or raster format, and each of these formats has advantages for different uses. One common type of file used for vector data is the shapefile.

	Free and/or open source software mapping options are becoming increasingly functional and available. A popular choice (and the one used in this course) is QGIS.







Practical Exercises—Session 2

Installing and Exploring QGIS

 

In this session, you were introduced to the advantages of QGIS in comparison to a number of other FOSS GIS options. Now we invite you to learn more about how to use QGIS by working through two practical exercises. (We estimate these optional exercises will take about 45 minutes to complete.)

 

See Appendix 2 of this document for the instructions for these exercises. In order to complete these exercises, you will need some accompanying data files which can be accessed online.

 

1) You will need to download the data files from our public DropBox folder (http://bit.ly/Ex2DropBox). Follow the link and click on the blue Download button (they will come together in one .zip folder) and store them on your own computer in a new, easily accessible folder (place it wherever you like and name it whatever you like; the default name is simply "Exercise 2.2").

 

2) Unzip the folder, using your operating system or a program such as WinZip, 7-Zip, or Stuffit Expander. (You'll probably need to use a command like extract all and tell your computer where you would like to store the unzipped files.) The unzipped folder will be approximately 8MB in size. NOTE: Leave the file structure (folders and files within the main folder) in place once the main folder is unzipped. The main QGIS project file, when opened, will look for a folder named shapefiles. If it does not find this folder (or the files in it), or if the folder has not been unzipped properly, the exercise will not perform as expected.

 

By the end of these Session 2 exercises, you will be able to: 



	Open a QGIS project already in progress

	Work with the main components of the interface

	Navigate within the map window

	Select, identify, and query geographic features





As mentioned above, we estimate that these supplemental exercises will take you about 45 minutes to complete and are optional for completion of the course.



Session 2: Knowledge Recap

 

QUESTIONS

 

1) QGIS strengths include the following:




A) Provides full GIS capabilities for data capture, storage, query, analysis, display, and output.

B) Provides step-by-step, guided instructions for creating color-shaded maps in Google Earth using data stored in an Excel spreadsheet.

C) Can serve as an excellent complement to other GIS or mapping packages, such as the District Health Information System (DHIS2) or DevInfo, for the creation of publication-quality maps.

D) A and C



2) What is a geographic identifier?




A) A type of file which contains information about the projection used in a dataset

B) A piece of information which specifies the physical location of something and can be used to join data tables.

C) A file which includes the scale and coordinate system of a set of geographic data

D) A type of file format invented by ESRI that allows files to be shared in other types of mapping programs

E) None of the above



3) At a minimum, a good metadata file should include:




A) The data source

B) The date the data was collected or modified

C) The coordinate system, projection, and datum used to specify locations represented in the data set

D) The scale at which the data was collected (and should therefore be used)

E) All of the above



4) Geographic features stored in a “geographic” or “unprojected” coordinate system, in which coordinates are stored as longitude and latitude in degrees, provide a perfectly suitable basis for measuring distances and surface areas.




True or False



5) One of the most common file types for storing raster data is the shapefile.




True or False

 

ANSWERS:




 

1) (d) A and C. QGIS provides full GIS capabilities, and can serve as an excellent complement to other GIS and related software packages that do not provide the ability to create publication-quality maps. QGIS does not provide step-by-step, guided instructions for creating color-shaded maps in Google Earth using Excel data. That can be accomplished using the Excel to Google Earth program(http://www.cpc.unc.edu/measure/e2g) from MEASURE Evaluation.

2) (b) A piece of information which specifies the physical location of something and can be used to join data tables.

3) (e) All of the above.

4) False. Before measuring distances or surface areas, geographic features stored using coordinates in longitude and latitude, which are not uniform units of measure around the globe, should first be transformed or “projected” into a flat, two-dimensional coordinate system that best preserves the characteristic being measured.

5) False. Shapefiles are used to store vector data.

 


Session 3: HIV/AIDS Data Sources



This session highlights the fact that HIV/AIDS data that can be mapped and spatially analyzed for M&E purposes is available from a variety of sources. One needs to understand the geographic data structure of these data sources in order to work with them effectively. Administrative division boundaries in digital format are available from a variety of sources, and are required to satisfy mapping and spatial analysis needs that exceed the capabilities of StatCompiler and similar programs. DHS data is available at different geographic levels, and there are specific considerations for working with the data at each level.



After completing this session, learners will be able to:



	Identify some of the principal sources of HIV/AIDS and related health data that can be mapped and analyzed spatially for program M&E.

	Explain how the geographic structure of these data sources can be leveraged for mapping and spatial analysis.

	Find digital files containing administrative division boundaries needed for mapping or spatial analysis.

	Understand how to work with DHS data at different geographic levels.







Primary HIV/AIDS Data Sources
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In a country with a well-developed data infrastructure, much of the data needed by HIV/AIDS programs for evidence-based decision-making may be available from the national routine health information system (RHIS). Augmenting RHIS data with the results of population-based surveys can improve understanding of the HIV/AIDS epidemic.

 

A good starting point for finding survey data for many countries is the HIV/AIDS Survey Indicators Database (http://hivdata.measuredhs.com/), which is one of the online resources provided by MEASURE DHS.

 

The indicators are derived primarily from the guidance document: National AIDS Programmes: [A] Guide to Monitoring and Evaluation (http://www.who.int/hiv/pub/me/pubnap/en/), published in 2000 by UNAIDS, which provides standardized indicators for monitoring and evaluating the success of HIV/AIDS programs. Among the indicators included in the database, several are tied to targets set by the UN General Assembly Special Session on HIV/AIDS (UNGASS) or linked to the Millennium Development Goals (MDGs) and the President's Emergency Plan for AIDS Relief (PEPFAR).



Other Data Sources

 

The majority of the surveys contained in the HIV/AIDS Survey Indicators Database are Demographic and Health Surveys (DHS) from The DHS Program. However, there are also a number of surveys from a variety of other sources, including:



	AIDS Indicator Surveys (AIS)

	Behavioral Surveillance Surveys (BSS)

	Multiple Indicator Cluster Surveys (MICS)

	Reproductive Health Surveys (RHS)

	Sexual Behavior Surveys (SBS)*

	Young Adult Survey (YAS)*





*limited availability

 

Below is a histogram that shows the number of surveys by type contained in the database. All of these surveys are listed in the Glossary, for more information about each.
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Service Provision Assessment (SPA) Surveys
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Another type of survey available from The DHS Program is the Service Provision Assessment (SPA) survey (http://dhsprogram.com/What-We-Do/Survey-Types/SPA.cfm), which is designed to assess the availability and readiness of facility-based health services in developing countries. This is accomplished by asking four main types of questions:



	What is the availability of different health services in a country?

	To what extent are facilities prepared to provide health services?

	To what extent does the service delivery process follow generally accepted standards of care?

	Are clients and service providers satisfied with the service delivery environment?





Source: The DHS Program (http://dhsprogram.com/), October 2013





SPA Indicators



The SPA surveys assess a variety of indicators related to the availability and readiness of HIV/AIDS services, including:

 

Infrastructure, Resources, and Systems: water; electricity; latrines; infection control; management systems; storage and stock monitoring for vaccines, contraceptives, and medicines

 

Child Health: availability of vaccines, medicines, and Vitamin A; availability of curative care services and the availability of equipment and supplies for outpatient care; adherence to guidelines for sick child care

 

Maternal and Newborn Health: availability and appropriate assessment of clients for antenatal care; delivery services; newborn care; emergency obstetric care

 

Family Planning: availability of contraceptives and supplies; user fees; counseling and client assessment; provision of STI treatment for family planning clients

 

HIV/AIDS: availability of HIV testing services; HIV/AIDS care and support services; antiretroviral treatment; prevention of mother-to-child-transmission; post-exposure prophylaxis

 

Sexually Transmitted Infections (STIs)

 

Malaria: availability of malaria diagnostic and treatment services; guidelines; antimalarial treatments; laboratory diagnostic capacity

 

Tuberculosis: availability of TB diagnostic services; availability of first-line medicines for treating TB

Basic surgery

 

Non-communicable diseases: diabetes; cardiovascular diseases; chronic respiratory diseases

 

SPA final reports for a variety of countries can be accessed in the publications section of The DHS Program site. http://dhsprogram.com/publications/index.cfm



Source: The DHS Program, October 2013 (http://dhsprogram.com/What-We-Do/Survey-Types/SPA.cfm)







Geographic Identifiers
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As discussed previously, attribute data (such as HIV/AIDS program indicators for districts) must be organized geographically in order to map and analyze them using a GIS.

 

Geographic organization involves assigning geographic identifiers (such as district names or codes) to data stored in a table and using those geographic identifiers to join the data to the corresponding geographic entities (such as district-level administrative divisions stored in a shapefile).

 

Joining attribute data to a shapefile will be successful only if the two data sets contain the same geographic identifiers. Also, the attribute table and the shapefile table should both contain only a single record for each geographic entity (such as district), and the geographic identifiers in both tables should be unique. For example, neither table should contain more than one occurrence of a particular district name or code, as duplicate geographic identifiers can cause confusion during the joining process.

 

 

 

Geographic Structure of HIV/AIDS Data Sources

 

The geographic organization of the HIV/AIDS data sources discussed in the previous pages is dependent upon their sampling designs. For example, some surveys are designed to be representative of the nation as a whole, but do not provide information that can be evaluated on a sub-national level. Other surveys target sub-populations in specific geographic locations and therefore cannot be extrapolated to higher administrative regions, including national or sub-national administrative divisions. The table below provides a summary to help you understand the geographic level at which some of the leading HIV/AIDS data sources can be mapped and/or analyzed.
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Constraints to Working with DHS Data in a GIS
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In many low- and middle-income countries, the DHS (http://dhsprogram.com/) are the most widely available, reliable, and timely sources of population-based survey data for M&E of HIV/AIDS programs. Before working with DHS data in a GIS, however, there are some key sampling and data collection factors to consider:



	Although DHS data are available at the household level, there are no geographic coordinates acquired for individual households during the sampling process. Also, individual households are selected for their ability to represent the DHS region and the nation, not the individual household as a standalone observation. For these reasons, household-level data must have sampling weights applied and be aggregated to the level of the DHS region prior to analysis.

	DHS surveys use Global Positioning System (GPS) receivers to record the geographic location of the approximate center of each cluster (or group) of households surveyed. To preserve the confidentiality of survey respondents, these cluster locations are displaced up to two kilometers in urban areas and up to five kilometers in rural areas, with an additional one percent of rural cluster locations displaced up to 10 kilometers. Based on this displacement of cluster locations and the fact that data at the cluster level are aggregated from the household level, it is inappropriate to analyze DHS data at the single point level. (For more information, see Geographic Displacement Procedure and Georeference Data Release Policy for the Demographic and Health Surveys: http://dhsprogram.com/publications/publication-SAR7-Spatial-Analysis-Reports.cfm and also Guidelines on the Use of DHS GPS Data: http://dhsprogram.com/publications/publication-SAR8-Spatial-Analysis-Reports.cfm.)

	Indicator data provided in DHS final reports are generally representative at the national and regional level only.

	Indicator tables are included in the final reports, which are available in PDF format in the publications section of The DHS Program site.

	Data in tables must be cut from the PDF reports and pasted into a spreadsheet or database to facilitate joining them to a spatial dataset, such as a shapefile at the province or district level. To view a larger image of the data provided in the image on this page, see Table 14.5, HIV prevalence by socioeconomic characteristics (source: National Institute of Statistics of Rwanda, Rwanda Ministry of Health, ICF International).

	Extracting data from final reports in PDF format, although a manual process, can be a relatively quick way to produce custom maps that cannot be produced using other tools, such as StatCompiler, and to obtain the data needed for spatial analysis.

	Survey data sets are provided in Stata, SAS, SPSS, and flat-file format.

	Data must be aggregated at the regional level and exported to a spreadsheet or database format that can be opened in a GIS and joined to a geographic file, such as a shapefile, prior to mapping or spatial analysis.







Working with DHS Data at the Sub-National Administrative Level

 

If you need to go beyond the capabilities of The DHS Program’s StatCompiler (http://www.statcompiler.com/) and create custom or publication-quality maps or conduct spatial analysis using DHS data at the sub-national level, in addition to the DHS data, you will need a digital file that contains geographic features corresponding to the administrative level at which the data are available. For instance, if you have DHS data for HIV prevalence at the province level, you will first need a digital file that contains the administrative boundaries for provinces.

 

Sources for digital files containing administrative boundaries include:



	Spatial Data Repository (The DHS Program) http://spatialdata.dhsprogram.com/

	Second Administrative Level Boundaries (SALB) http://salbgeonetwork.grid.unep.ch/geonetwork/srv/en/main.home

	Global Administrative Unit Layers (GAUL) http://www.fao.org/geonetwork/srv/en/metadata.show?id=12691

	Global Administrative Areas Database (GADM) http://www.gadm.org/





Each of these sources will be described in greater detail on the following pages.

 

If administrative boundary files for your country are not provided through any of these sources, you can consult the SALB site or contact your national statistics organization, census agency, or ministry of health.

 

Once you have located a geographic file that corresponds to the administrative divisions represented in your DHS dataset, you can use the DHS region names or codes as common geographic identifiers to join the DHS indicators to the geographic file.







	
You decide

 

Which dataset is the best? In 2011, the World Bank Mapping for Results team assessed the accuracy and geographic coverage of the SALB, GAUL, and GADM boundary datasets. The team concluded that each dataset had its strengths and weaknesses, and that a dataset should be selected on a case-by-case basis. Overall, however, the team found the GAUL dataset to have “superior accuracy and completeness, in particular in the developing countries of Africa and Latin America.” See the complete paper, Open Geospatial Data: An Assessment of Global Boundary Datasets online here: (http://www.geos.ed.ac.uk/~gisteac/proceedingsonline/GISRUK2012/Papers/presentation-35.pdf )











The DHS Program Spatial Data Repository
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For DHS data, a good starting point for finding a digital file containing administrative boundaries is the Spatial Data Repository (http://spatialdata.dhsprogram.com/) as it provides administrative boundary files for many countries with the DHS data already attached. Files from the repository can be downloaded in either shapefile or geodatabase format, which are both readily opened in QGIS and many other GIS software packages. Take care to examine any metadata and ensure that the administrative boundaries provided match the units in your data—these are subject to change and may need to be updated.

 

If the HIV Spatial Data Repository does not provide a shapefile or geodatabase corresponding to your country or administrative level of interest, a shapefile or other geographic file can be downloaded from one of the other sources described on the following pages and joined to your DHS indicator data manually using a GIS.

 

 

Other Sources for Administrative Level Boundaries
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Second Administrative Level Boundaries (SALB)



	Implemented by the United Nations within the context of activities related to the United Nations Geographic Information Working Group (UNGIWG).

	Provides first- and second-level administrative divisions for UN member states, which means geographic coverage is extensive but not worldwide.

	Administrative divisions have been vetted by the corresponding national mapping agencies prior to publication. This vetting process makes SALB boundary files highly reliable in terms of official representation of administrative divisions for a particular country, although the length of the vetting process means that SALB boundary files may sometimes be out of date.

	Files are available in either shapefile (*.shp) or ArcInfo interchange (*.e00) format, and are accompanied by excellent metadata.

	Registration is required before files can be downloaded.

	Copyright of the SALB dataset is vested in the UN, and use of the dataset is restricted to non-commercial purposes.
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Global Administrative Unit Layers (GAUL)



	Maintained by the Food and Agriculture Organization (FAO) of the United Nations.

	Serves as the core dataset for administrative and political boundaries available through the FAO GeoNetwork.

	Provides access to first- and second-level administrative divisions on a worldwide basis. If available, administrative divisions are also provided at the third, fourth, and lower levels.

	Although GAUL data are compiled from the best available data and most reliable sources for a particular country, the boundaries might not have been vetted and approved by authoritative national sources. For this reason, GAUL data are intended for use by the UN community and its authorized partners, and cannot be distributed to the general public. Also, the use of GAUL data should always be accompanied by a disclaimer.
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Global Administrative Areas Database (GADM)



	Developed to support a variety of activities (initially the BioGeomancer Project at the University of California at Berkeley) and mapping of census-type data.

	Provides nearly worldwide coverage of first- and second-level administrative boundaries. For some countries, administrative boundaries are available at the third level or below.

	Administrative boundaries are provided in shapefile (*.shp), personal geodatabase (*.mdb), file geodatabase (*.gdb), Google Earth (*.kmz), and R (requires sp package) formats.

	Boundaries are derived from a variety of sources, both official and unofficial (e.g., Wikipedia), and are provided with almost no metadata, so they should be used with caution.

	Boundaries can be used for academic and non-commercial purposes only.





Links to the above websites are provided in the previous section entitled: Working with DHS Data at the Sub-National Administrative Level.

 

To gain practice joining DHS data to a shapefile and creating a color-shaded map by sub-national administrative areas, please complete exercises 3.1 and 3.2 at the end of this session.





Working with Cluster-Level DHS Data: Cluster Displacement

 

DHS cluster locations are individual points that each represent the approximate center of a group of households that participated in a particular survey. The original Global Positioning System (GPS) coordinates for clusters are collected during the household listing process as part of the sampling frame development. These raw GPS coordinates are accurate to within approximately 15 to 20 meters.

 

However, to ensure the confidentiality of the information provided by survey respondents, before publication the raw GPS coordinates are randomly displaced as follows:



	Up to 2 kilometers in urban areas,

	Up to 5 kilometers in rural areas, and

	An additional 1% of rural cluster coordinates are displaced up to 10 km.








[image:  ]



The random displacement of cluster locations is controlled to keep points within the national boundary as well as within the DHS survey region boundary. Since 2009, cluster displacement is also constrained to a country’s second administrative level boundaries whenever possible.

 

As a result of cluster displacement, using a GIS to derive measures based on precise distances between DHS clusters and other features is greatly discouraged. Instead, it is recommended to use a GIS to generate catchment areas or buffer zones around clusters and to evaluate the spatial characteristics of interest within distance bands, such as within 0 to 5 km, 5 to 10 km, etc. Because of the bias introduced by the cluster offset, it is also not recommended that DHS be used to analyze relationships between service environment of facilities and health outcomes from DHS data. See Geographically linking population and facility surveys: methodological considerations on the Population Health Metrics website (http://www.pophealthmetrics.com/content/11/1/14) for a discussion of this topic.

 

Cluster locations can also be used to link survey data to contextual variables, such as population or land cover. Remember that contextual variables will also need to be aggregated at the DHS region (or sub-region if data at that level are provided in the survey report) in order to match the DHS sampling design.



Highlight







	
GPS data collection guidance is available from The DHS Program and MEASURE Evaluation and includes:



	Guidelines on the Use of DHS GPS Data (http://dhsprogram.com/publications/publication-SAR8-Spatial-Analysis-Reports.cfm)

	Incorporating Geographic Information Into Demographic and Health Surveys: A Field Guide to GPS Data Collection (http://dhsprogram.com/publications/publication-dhsm9-dhs-questionnaires-and-manuals.cfm)

	Geographic Displacement Procedure and Georeferenced Data Release Policy for the DHS (http://dhsprogram.com/publications/publication-SAR7-Spatial-Analysis-Reports.cfm)

	Common Types of Coordinates Collected with a GPS Receiver (http://www.cpc.unc.edu/measure/publications/fs-13-83)

	An Overview of Spatial Data Protocols for HIV/AIDS Activities: Why and How to Include the “Where” in Your Data (http://www.cpc.unc.edu/measure/publications/ms-11-41a)















GPS Data File for DHS Surveys
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A separate file containing the cluster locations for a DHS survey can be linked to the original survey data (using the field DHSCLUST). This cluster ID field is provided in both the GPS data file and the survey dataset (as field V001). The GPS coordinates will have a one-to-many relationship with the records in the survey datasets, as the survey datasets represent multiple households per cluster.

 

Each DHS cluster is uniquely identified using a 14-character code known as the DHSID. These 14-character codes represent a combination of the 2-letter country code, the 4-digit year of data collection, and the DHS cluster ID number (which matches field V001 in the DHS recode file).

 

Aside from cluster identifiers, the GPS data file contains the latitude and longitude of cluster locations. The GPS data file also designates whether a cluster is considered urban or rural, which is important for knowing what the cluster displacement might be, and identifies the name and administrative code of the corresponding DHS region. All of these identifiers can be useful for merging and analyzing datasets.

 

For more information on how to work with DHS data at the cluster, household, or individual level, visit The DHS Program (http://dhsprogram.com/) It is important to be aware of the data use limitations. Several case studies regarding these limitations can be found in Guidelines on the Use of DHS GPS Data mentioned earlier in this document.

 

The final session of this course will provide guidance on turning geographic variables (such as those from DHS data) into maps, which can help effectively communicate stories about the data. But before getting into Session 4, we have provided some optional Practical Exercises. These will give you hands-on experience with working in QGIS, using sub-country DHS data associated with administrative divisions.





In Summary



	There are several primary sources of HIV/AIDS data which have a geographic component.

	Service Provision Assessment (SPA) surveys provide information on services provided at various facilities.

	There are constraints to consider when working with Demographic and Health Survey (DHS) data in a GIS. They are generally representative only at the regional level. Sample cluster locations are displaced to ensure respondent confidentiality.

	The DHS Program’s Spatial Data Repository is a good source for this data.

	It is important to take into account methodological considerations before working with the GPS data information on cluster data, due to the data’s random displacement and DHS sampling design.





Practical Exercises—Session 3

Joining Attribute Data and Creating a Map



In this session, you were introduced to joining data from multiple sources and finding digital files containing administrative division boundaries needed for different levels of mapping or spatial analysis. Now, we invite you to practice these skills by working through the following optional exercises using QGIS. (We estimate these exercises will take you about 45 minutes to complete.)

 

See Appendix 2 of this document for the instructions for these exercises. In order to complete Exercises 3.1 and 3.2, you will need access to some accompanying data files which can be accessed online.

 

1) You will need to download the files from our public DropBox folder: (http://bit.ly/Ex3DropBox). Follow the link and click on the blue Download button (files are bundled as one .zip folder) and store them on your own computer in a new folder that you create (place it wherever you like, as long as it is easily accessible; the default folder name is simply "Exercises 3.1 and 3.2").

 

2) Unzip the folder, using your operating system or a program such as WinZip, 7-Zip, or StuffIt Expander. NOTE: Leave the file structure in place once the main folder is unzipped. If subfolders are moved around or if the main folder has not been unzipped properly, the exercises will not perform as expected. The unzipped folder will be approximately 1.5MB in size.

 

By the end of these Session 3 exercises, you will be able to:



	join a text file containing HIV prevalence data from the Rwanda DHS 2010 final report to a shapefile representing the districts of Rwanda

	use this new shapefile to produce color-shaded maps showing HIV prevalence by district for Rwanda





We estimate that these supplemental exercises will take you about 45 minutes to complete and are optional for completion of the course.





Session 3: Knowledge Recap



QUESTIONS:




Now that you’ve completed this session, test your knowledge on this subject. Taking this quiz will reinforce key points and identify gaps in learning.

 

After taking the Knowledge Recap, you’ll get to review the correct answers, and in some cases, read an explanation.

 

1) The HIV/AIDS Survey Indicators Database contains primarily what type of survey?




A) Demographic and Health Survey (DHS)

B) Service Provision Assessment (SPA)

C) Multiple Indicator Cluster Survey (MICS)

D) Young Adult Survey (YAS)



2) What type of survey from MEASURE DHS provides indicators on the readiness of health facilities?




A) Demographic and Health Survey (DHS)

B) Service Provision Assessment (SPA)

C) Multiple Indicator Cluster Survey (MICS)

D) Young Adult Survey (YAS)



3) Which of the following statements are true regarding the geographic structure of some of the primary data sources for HIV/AIDS indicators?




A) DHS are designed to be representative at the national level as well as at the first sub-national level of the DHS region. Since 2009, DHS data are also reported at the second administrative level when possible.

B) Point locations for clusters of households included in a DHS are available from MEASURE DHS, and can be used for measuring precise distances between cluster locations and other phenomena, such as health facilities or schools.

C) The Service Provision Assessment (SPA) surveys from MEASURE DHS provide geographic coordinates for individual health facilities, which allows indicators to be analyzed at the facility level.

D) All of the above



4) Which dataset provides shapefiles containing sub-national administrative boundaries that have been vetted by the national mapping agencies for their respective countries?




A) Global Administrative Unit Layers (GAUL)

B) Global Administrative Areas Database (GADM)

C) Second Administrative Level Boundaries (SALB)

D) None of the above



5) Which statements are true regarding cluster-level data from MEASURE DHS?




A) Cluster locations have been randomly displaced up to 2 kilometers in urban areas and up to 5 kilometers in rural areas, with an additional 1 percent of rural clusters displaced up to 10 kilometers.

B) Cluster locations in the geographic file for a DHS dataset can be linked to the survey data using a unique cluster identifier.

C) Cluster locations can be used to link survey data to broad contextual variables, such as population or land cover.

D) All of the above



 

ANSWERS:




1) (a) Demographic and Health Survey (DHS)

2) (b) Service Provision Assessment (SPA) FEEDBACK: SPA surveys from MEASURE DHS assess the availability and readiness of facility-based health services in developing countries. SPA indicators cover the following areas: infrastructure, resources, and systems; child health; maternal and newborn health; family planning; HIV/AIDS; sexually transmitted infections (STIs); malaria; tuberculosis; basic surgery; and non-communicable diseases.

3) (a) DHS are designed to be representative at the national level as well as at the first sub-national level of the DHS region. Since 2009, DHS data are also reported at the second administrative level when possible. FEEDBACK: household cluster locations are randomly displaced for privacy purposes and thus do not provide precise distance measurements. SPA surveys do not allow for facility level analysis.

4) (c) SALB -- SALB second-level administrative boundaries from the United Nations have been vetted by the national mapping agencies involved in their creation. As a result, they are of very high quality with respect to other data sources. One potential concern for using SALB boundaries is that they are maintained primarily for UN member states, so their geographic coverage is not worldwide. Another potential concern is that the length of time required for vetting boundaries prior to posting them online can be significant. This means that SALB boundaries can sometimes be out of date.

The Global Administrative Areas Database (GADM) provides boundaries from a variety of sources, both official and unofficial, and provides very little metadata. As a result, although GADM provides boundaries on a worldwide basis, these boundaries should be verified independently and used with some caution.

The Global Administrative Unit Layers (GAUL) dataset provides first- and second-level administrative divisions on a worldwide basis, but the source data for a particular country may not have been vetted by a national mapping agency. As a result, GAUL data are intended for use primarily by UN organizations and their partners and cannot be distributed to the general public. Also, GAUL data should always be used with a disclaimer.

5) (d) All of the above.


Session 4: Essential GIS Techniques



There are some essential GIS techniques that are useful for M&E of HIV/AIDS programs. Using QGIS, new indicators can be calculated within a shapefile. QGIS provides several options for mapping more than one indicator at a time.

 

There are standard cartographic elements and output considerations that should be included when constructing a publication-quality map.

 

After completing this session - especially the practical exercises at the end of this session, learners will be able to execute a set of GIS tasks that are considered essential for M&E of HIV/AIDS and related programs:

 

	Calculate a new variable from existing data

	Display two variables simultaneously on a map

	Generate a publication-quality map







Creating a New Variable Within a GIS



One of the strengths of GIS is its data management capabilities. The software’s ability to create new variables is one of its key functions.

 

There are multiple approaches that users can take to create a new variable. One way is through the use of basic arithmetic operations such as addition, subtraction, and multiplication to create variables. An example of this might be to calculate HIV prevalence by dividing the variable in an attribute table that represents number of HIV positive people in a district by the variable in a table that represents the total population in a district and then multiplying the result by 100.
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Another way is to use spatial characteristics to create a new variable. An example of this might be using the GIS to calculate distance from a village to the nearest health facility and then storing that result as a variable.

 

QGIS provides users with a formula builder to help with constructing complex formulas that can employ Boolean logic or include characteristics of geographic elements such as area or length. It is possible to then save such a formula for later use.

 

 

Maps of Multiple Indicators

 

Maps are an efficient and effective way to display data. Including multiple variables on a map can increase its usefulness.

 

Multiple variables can show relationships between multiple datasets. For instance, one map that shows both the presence of ART in facilities and the percentage of persons in associated districts living with HIV can make it easy to see patterns about ART services and whether they are in the areas of greatest need. If that information was displayed in two separate maps, the patterns could be much more difficult to see.

 

There are several ways to include multiple variables. Two of the most common are discussed on the following pages.
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Using Multiple Types of Geographic Primitives

 

Data can be represented as one of three geographic primitives: points, lines, and polygons. Including multiple types of primitives is one of the easiest ways to produce maps of multiple variables.

 

Common examples of this approach are maps that show data for a facility or a DHS cluster represented by points overlaid on polygons that represent a district or the boundaries of a city. The polygons can then be shaded as in any normal choropleth map, and the color or size of the points can vary according to the data values. Lines representing roads or rivers can also be presented with various colors, thicknesses, or line styles (e.g., dashed or dotted lines) to indicate data about the feature, such as the type of road or width of the river.



Sometimes, it is desirable to display multiple variables corresponding to polygons. The best way to do this is to create a file of the polygons’ centroids and then produce a map that shows both the polygons themselves and the points representing the centroids. The symbology and shading of these centroid symbols can be adjusted as needed based on the desired representation of data.

 

It is also possible to present points or lines on top of raster grids. An example of this would be a point representing a village overlaid on a raster surface representing facility service areas.
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Using Polygons and Charts



QGIS and many other GIS programs allow the user to produce maps that present attribute data for points as pie or bar charts. These can be overlaid on top of polygons. An example of this would be a bar chart showing the OVC population at differing age groups overlaid on polygons shaded to represent HIV prevalence.
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It is important to consider several things when producing maps that use charts to represent data:

 

1. Whether the data can be effectively represented by certain types of charts. Pie charts should be used to show percentages of data and bar charts to show actual numbers.

2. Making sure the charts are readable. A high number of charts in a small area can cause the charts to be overlaid on one another, obscuring each other and also the map beneath. Bar charts and pie charts should have a minimal number of categories and should be shaded distinctly.

3. Many GIS programs do not have the capability to include axis labels for bar charts. This means that readers may not have an idea of the values associated with the bars. It is important to include this information in the map’s legend to help readers more effectively interpret the map.

 

Producing effective multiple indicator maps can be challenging. If the wrong type of multiple indicator map is produced or the data is displayed in an unclear manner, the map can be hard to interpret or possibly be misleading.

 



Maximizing a Map’s Utility

 

A map should display data in a way that is easy for the reader to understand and interpret. There are steps the map-maker can take to ensure the map can be most useful.

 

The first is to select classification breakdowns and colors that are easily understood and appropriate for the method used to present the map.



	Selecting an appropriate color or shading for data and features of the map is important to ensure readability and to allow the data to tell a story.

	If a map is to be printed in black and white (as opposed to printed or displayed in color,) the map-maker should either use colors that can be differentiated when printed in black and white, or use shades of gray.





Choosing colors for a map deserves some extra consideration. Readers should be able to easily differentiate between colors on a map—usually not more than seven or eight shades in total. Cartographic tradition dictates that forested areas are often green and water is often blue. Realize that red can often be interpreted as hot, while blue can be interpreted as cold. Increasing the intensity or darkness of the colors can convey increasing values in the data. Do not show a rainbow of colors if you are trying to indicate a simple gradation of values. The Colorbrewer website (http://colorbrewer2.org/) offers more help and tools for choosing map colors.

 

For more on selecting classification breakdowns, see the following page.



[image:  ]





Classification



Data classification refers to the way that the GIS breaks the data into ranges in order to display it on a choropleth map. Changing the classification can mask or highlight patterns in the data. GIS typically offers several different ways to classify the data, including the ability to create custom classifications. The most common classifications include:



	Natural breaks is a classification approach that breaks the data into categories that minimize variation of each category. A statistical approach known as Jenk’s optimization is used by the GIS to create the categories. The natural breaks method is well suited to many different types of data and can be a good first option to try when mapping data (see the following page on the Jenks Natural Breaks Classification: http://wiki.gis.com/wiki/index.php/Jenks_Natural_Breaks_Classification).

	Quantiles breaks data into categories with the same number of observations. The number of observations in the category will depend on the number of quantiles the map-maker selects and the total number of records in the dataset. Quantile-based classification is well suited for data with a linear distribution, having a limited number of records with similar values (see video).

	Equal-interval breaks the data into equal-sized slices, for instance 1-10, 11-20, 21-30, etc. Equal-interval is useful for emphasizing areas relative to other areas (see video).





A 3-minute video (link is embedded in online version of course and also given below) from MEASURE Evaluation gives more information on quantile vs. equal-interval classifications:
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Link to Video from MEASURE Evaluation Geospatial Group, “Comparing Data Classification Methods”: https://www.youtube.com/watch?feature=player_embedded&v=-_M-VUVBGjE





Other Design Aspects to Consider





 

There are other aspects of the map a map-maker should consider.



	Most maps should include a legend that makes it possible for the map reader to understand the symbology and classifications used.

	The map should include relevant information about the source of the data.

	The map-maker should provide a title and text that clearly identifies the topic of the map and the geographic area being mapped.

	Lastly, some indication of a map’s scale should be included on the map if distance is an important element of the map or if the reader may not be able to determine distances represented on the map. A map’s scale can be represented by a scale bar or a representative fraction. (Recall that you may need to take map projection into account before generating a scale bar.)
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In Summary



	Data management and variable creation are key strengths of a GIS.

	Maps are useful for displaying multiple variables at once, which can help in both asking and answering questions about data.

	In designing a map, the author should consider appropriate data classification techniques. Color and pattern choices should be based on cartographic traditions and readability. A legend (description of symbols and colors used) and data source and date are also important.





Practical Exercises—Session 4

Calculating new variables, making multi-indicator maps, using print composer



Now that you have learned about the essential GIS techniques, we invite you to practice applying what you have learned by working through these optional practical exercises. We estimate that this set of exercises will take approximately 90 minutes.

 

See Appendix 2 of this document for the instructions for these exercises. In order to complete these exercises, you will need access to some accompanying data files.

 

1) You will need to download the files from our public DropBox folder (http://bit.ly/Ex4Dropbox). Follow the link and click on the blue Download button (they will come together in one .zip folder), and store them on your own computer inside a new folder that you create, in an easily accessible location. You may name this folder whatever you wish; the default name is simply "Exercises 4.1, 4.2, and 4.3".

 

2) Unzip the folder, using your operating system or a program such as WinZip, 7-Zip, or StuffIt Expander. NOTE: Leave the file structure in place once the main folder is unzipped. If the folder has not been unzipped properly, or files have been moved, the exercises will not perform as expected. The unzipped folder will be approximately 3MB in size.

 

By the end of these Session 4 exercises, you will be able to:



	Calculate new variables from existing data stored in a shapefile. New variables can be used to visually and mathematically analyze many types of spatial data, and thus provide highly valuable information for program decision-making.

	Generate multi-indicator maps. You will learn how to use pie charts, bar charts, and proportional symbols for one variable, and superimpose these on a choropleth map showing the geographic distribution of a second variable.

	Use the map composer interface within QGIS to create a publication-quality map.





We estimate that these supplemental exercises will take about 90 minutes to complete and are optional for completion of the course.





Conclusion



GIS allows M&E professionals to manage, display, and analyze data in ways that make public health data come alive visually. Maps often spark new questions about the data and can even reveal some answers as well. A GIS allows new variables to be created that might be used to better analyze the data. A GIS can also make additional methods of data analysis possible, based on geographic attributes such as proximity or density.

 

Another benefit to putting data into a GIS is that its data schema requirements encourage good data practices and allow data in multiple data sets to be joined together. This data-linking capability, based on common geographic identifiers, is an important and useful aspect of GIS. As the NSDI (National Spatial Data Infrastructure) of many countries expands, this capability becomes more significant.

 

In addition to geographic data becoming more accessible, the tools to work with it are proliferating and becoming easier to use. The use of open source GIS is increasing rapidly, along with a growing online user community and comprehensive and more user-friendly (and multi-lingual) documentation. Like any powerful software, there is a learning curve with GIS. Effective use requires real effort and practice. But the benefits can far outweigh the difficulties, making learning GIS well worth this effort.





Session 4: Knowledge Recap



QUESTIONS



1) Which of the following is NOT an important consideration when choosing colors on a map?




a) Considering whether the map will be reproduced in color or black-and-white.

b) Choosing shades that reflect which values on the map are highest and which are lowest.

c) Use of traditional cartographic conventions for colors, such as blue to denote water.

d) Using a wide variety of colors and patterns to make the map interesting.

e) Using a limited number of colors or shades which can all easily be differentiated from one another.



2) What is a map called that uses color shading to show higher or lower values for areas such as districts or provinces?




a) Shaded relief map

b) Isopleth map

c) Area map

d) Choropleth map

e) None of the above



3) A choropleth map will be more meaningful if it portrays ratio (percentage or density) values, rather than raw counts.




True

False



4) The term “geographic primitives” refers to:




a) Vector Data

b) Raster Data

c) Points, lines, and polygons

d) Crude symbols used on a map

e) A and C

f) All of the above



5) The most common methods of data classification for mapping are:




a) Equal intervals, quantiles, and natural breaks

b) Standard deviation via histogram

c) Quartiles and quintiles

d) High, medium, low



6) One of the features of a GIS is the ability to create new variables using a formula builder that applies Boolean logic and can perform numeric calculations. Why is this ability important?




a) The user may want to map ratio (percentage) rather than nominal (count) variables and may need to create them.

b) The user may want to create an ID code field rather than use geographic area names, for purposes of joining to another table.

c) The user may want to combine several variables into one summary variable by adding or averaging them.

d) All of the above

e) None of the above



7) One way to study epidemiology in relation to intervention capacity within a country might be to show more than one variable on a map at once, by using pie charts showing percentages of children having several common types of disease, on top of shaded areas showing ratios of hospitals to population by district.




True

False

 

ANSWERS:




 

1) (d) Using a wide variety of colors and patterns to make the map interesting. (Too many colors and shades can actually compete for the reader’s attention and make a map’s message harder to understand. It is important not to choose colors and shades in a random fashion and not to use too large of a variety of shades and types of symbols, which might be hard to discern from one another and ultimately create confusion.)

2) (d) choropleth map

3) True. Raw counts (nominal values) are not the best thing to show as shaded areas. A larger area with a larger population does not tell you much, but will show up as “artificially” important on a map shaded in this manner. It would be much more appropriate, on this type of map, to show a computed ratio value, such as population density (number per square mile) or percentage of the population with AIDS.

4) (e) A (vector data) and C (points, lines, and polygons)

5) (a) Equal intervals, quantiles, and natural breaks

6) (d) All of the above

7) True. Maps are an efficient and effective way to display data, and using multiples variables on a map can increase its usefulness.


GIS TECHNIQUES FOR M&E OF HIV_AIDS AND RELATED PROGRAMS 

APPENDIX 1: GLOSSARY 

A 

AIDS Indicator Surveys 

AIS, which are modeled on the larger Demographic and Health Surveys (DHS) from The DHS Program, are focused on providing standardized indicators in a timely and cost-effective manner for M&E of national HIV/AIDS programs. There are two questionnaires administered during an AIS, one for households and one for individuals. Sample design at a minimum ensures representativeness at the national level and for urban and rural areas, although it can sometimes be adjusted to represent regional variations as well. Source: http://dhsprogram.com/.

B 

Behavioral Surveillance Surveys 

BSS, which were developed by Family Health International (FHI), were designed to identify patterns and trends in HIV-related risk and protective behaviors. BSS sample design can focus on describing HIV risk and response in relation to the full adult population for an entire country or target the understanding of sub-populations, such as youth, female sex workers, men who have sex with men (MSM), and injecting drug users, in key geographic locations within a country. Source: www.popcouncil.org/Horizons/ORToolkit/AIDSQuest/summaries/ssfhibss.html. 

Boolean Logic 

A type of data-searching statement which uses the operators “and”, “or”, and “not”. It can be used for selecting out certain groups of data, such as all the data which is contained in a certain province, or all the data for women of child-bearing age.

C 

Choropleth map 

A map that uses colors or shades to represent data on a map. The colors are generally portrayed in such a way as to depict increasing or decreasing values of the data within districts or provinces. 

D 

Data schema 

The structure of a data table or larger group of inter-related tables (database). In other words, how the data fields and tables are arranged. Data schema concerns both the contents and naming and coding conventions of the data and the relationships between data tables. 

Datum 

A set of control points, which are points on the surface of Earth with known locations, and a corresponding mathematical model used to approximate the shape of Earth and to calculate the location of any given point on that shape. The datum used for the Global Positioning System is known as the World Geodetic System 1984 or WGS 84. 

Demographic and Health Surveys (DHS) 

Demographic and Health Surveys (DHS) are nationally-representative household surveys that provide data for a wide range of monitoring and impact evaluation indicators in the areas of population, health, and nutrition. Standard DHS surveys have large sample sizes (usually between 5,000 and 30,000 households) and are typically conducted every five years to allow comparisons over time. The DHS Program captures survey locations based on "clusters", rather than individual households. The DHS Program provides an inventory of available survey datasets at http://dhsprogram.com/data/available-datasets.cfm. Source: http://dhsprogram.com/, accessed June 2010. 

DHS recode file 

DHS datasets contain thousands of variables with short names and labels. Each recode file provides more detailed descriptions of each variable and identifies the sample weights that must be applied before any analysis can be conducted. For more information on getting started with DHS data analysis and to access the DHS recode manual: http://dhsprogram.com/data/Using-Datasets-for-Analysis.cfm. It is strongly recommended that this manual be read before working with any DHS dataset, in order to prevent misinterpretation of the data. 

E 

Epidemiologic data 

Data which is used to study the patterns and causes of health and disease in populations. 

Exploratory spatial data analysis (ESDA) 

Exploratory Spatial Data Analysis, a method of summarizing and viewing geographic data using a variety of statistics-based data visualization techniques, such as histograms, scatter plots, cluster/hot spot maps, box plots, box maps, and standard deviation maps. Advanced ESDA techniques require an advanced knowledge of statistics and may also require some programming skills. 

G 

Geodatabase 

A newer type of geographic data storage invented by ESRI (Earth Systems Research Institute) in the early 2000s. A geodatabase takes on the appearance of a folder filled with many files, when viewed in Windows, and can thus be easily moved or copied. It can be comprised of various types of geographic data sets which follow specific rules which can be useful for editing the data and for performing advanced analysis. It is the main type of data currently used in ArcGIS, and its contents can be created and viewed by using an ESRI file management system called ArcCatalog. 

Geographic coordinate system (GCS) 

A coordinate system based on a three-dimensional, spherical surface. As a result of being defined in relation to the more natural, three-dimensional surface of a globe, a GCS is considered to be "unprojected" rather than "projected." For an explanation of geographic versus projected coordinate systems, see Session 3. 

Geographic data 

Information describing the location and attributes of things, including their shapes and representation. Source: http://resources.arcgis.com/glossary/term/520, May 2010. 

Geographic identifier 

A geographic identifier is any piece of information that indicates the geographic or spatial location of features on the landscape, such as latitude and longitude, street address, or administrative division name (i.e., province, district, county, etc.). Common geographic identifiers play a critical role in joining data from different sources. 

Geographic Information Systems (GIS) 

A system that captures, stores, analyzes, manages, and presents data that are linked to a geographic location. 

Geographic primitives 

A graphic representation of a location; for example, a point to represent the location of a smokestack, or a polygon to represent the location of a toxic plume. 

GeoJSON 

GeoJSON is an open source format for exchange of geographic data, primarily via the Web, based on JavaScript Object Notation (JSON). The GeoJSON format is supported by a growing number of GIS software packages, including the Geospatial Data Abstraction Library (GDAL), which is integrated into QGIS via a plug-in, and the DHIS 2. For more information on GeoJSON, see http://geojson.org/geojson-spec.html. 

GPS data file 

GPS stands for “Global Positioning System”. A GPS data file is included with each DHS data cluster and contains a cluster identifier, latitude and longitude coordinates, and includes information for altitude and datum (the Earth model the coordinate system is based on: WGS84). For more detail on common types of GPS data, please download this 2-page fact sheet: http://www.cpc.unc.edu/measure/publications/fs-13-83. 

K 

KML 

KML, which originally stood for Keyhole Markup Language, is an XML-based file format that can incorporate descriptive text, image links, and geographic information associated with points, lines, and polygons. It is an open standard officially named the OpenGIS KML Encoding Standard (OGC KML). KML files can be read by Google Earth and several mapping software packages. For a KML tutorial, see https://developers.google.com/kml/documentation/kml_tut.

L 

Latitude 

Angle between a line connecting the center of the Earth to the equator and a line connecting the center of the Earth to a point on the Earth's surface on, north, or south of the equator along a line of longitude. Latitude ranges from 0 degrees at the equator to 90 degrees at the poles. Latitude is positive north of the equator (0 to 90 degrees) and negative below it (0 to -90 degrees). Lines of constant latitude can be visualized as circles drawn around the Earth horizontally in parallel with the equator. 

Longitude 

Angle between (a) a line connecting the center of the Earth to the equator at a prime meridian, such as the meridian that passes from pole to pole through Greenwich, England (also known as the Prime Meridian or Greenwich Meridian), and (b) a line connecting the center of the Earth to the equator at its intersection with a meridian that passes through the point of interest. Longitude ranges from 0 degrees at the Prime Meridian to 180 degrees along the meridian on the opposite side of the Earth. The 180th meridian roughly parallels the International Date Line, where the date changes as travelers cross going east or west. Lines of constant longitude can be visualized as half circles drawn on the Earth's surface vertically from pole to pole. 

M 

Metadata 

Data about data. Metadata usually contains information about when a dataset was collected or created and by whom. Geospatial metadata also contains information about projection and datum. Sometimes metadata is stored as part of the main data file, but it can also be in its own separate file. As a best practice, metadata should be provided with any geographic dataset. International standards for geographic metadata are available as ISO 19115. 

Multiple Indicator Cluster Surveys 

MICS are household-level surveys developed by the United Nations Children’s Fund (UNICEF) to fill gaps in the data required for M&E of programs focused on meeting the critical needs of women and children. MICS indicators fall into four main categories: health, education, child protection, and HIV/AIDS. MICS results can be used to guide policy development and target interventions on behalf of women and children. MICS indicators can be mapped online at the country level using the MICS Compiler (see www.micscompiler.org). Source: www.childinfo.org/mics.html.  

N 

National spatial data infrastructure (NSDI) 

A country’s NSDI refers to the technology, policies, and people necessary to promote sharing of geospatial data throughout all levels of its government, private and not-for-profit sectors, and academia. It ideally provides a structure that facilitates geographic data sharing and use. (Adapted from http://www.fgdc.gov/nsdi/nsdi.html, accessed November 2013.) 

P 

Projection 

A process in which locations on the three-dimensional surface of the Earth are transformed onto a flat, two-dimensional surface for display, measurement, or other analysis. Any projection method will in some way ultimately compromise either distance, direction, or shape, but is a necessary step if straight-line distances or 2D (flat) areas are to be calculated during spatial analysis. A common type of projection is UTM (universal transverse mercator), in which distances can be measured in meters. 

R 

Raster data 

Spatial data stored in a computer as a series of values in a grid pattern (pixels). This type of data generally requires much more computer storage space than vector data. Larger numbers of pixels over a smaller area provide greater spatial resolution but take up much more memory. This type of data can show continuous change over a surface, such as land cover. Satellites collect data in this format. 

Reproductive Health Surveys 

RHS are reproductive health surveys conducted around the world with the assistance of the U.S. Centers for Disease Control (CDC). An inventory of RHS can be found at www.cdc.gov/reproductivehealth/Global/surveys.htm. RHS results are summarized on the Global Health Data Exchange (GHDx, http://ghdx.healthdata.org/), which is maintained by the Institute for Health Metrics and Evaluation. As indicated in the RHS inventory available on the CDC site, some RHS indicators can be mapped at a sub-national level using the StatCompiler site from The DHS Program. 

S 

Scale 

The Earth is too large to draw on a map without reducing its size. This reduction is expressed as map scale, which is the ratio of the distance on a map to the actual distance on the surface of the Earth. As a result, a small-scale map displays a small amount of detail, but covers a large geographic area. A large-scale map shows a large amount of detail, but for a small area. Scale can be expressed graphically as a scale bar, or in writing using text or numeric forms: (i) Text: 1 inch = 24,000 inches OR 1 inch = 2,000 feet; or (ii) Numeric: 1:24,000. 

Sexual Behavior Surveys 

The HIV/AIDS Survey Indicators Database from The DHS Program (http://hivdata.dhsprogram.com/start.cfm) contains three SBS for Zambia, which were designed to provide national level estimates of a number of key indicators for monitoring progress of the national program for HIV/AIDS and sexually-transmitted diseases (STDs). The surveys provide indicators on HIV/AIDS; STD-related knowledge, attitudes, and sexual behavior; orphans and vulnerable children (OVC); and assistance to households and communities affected by the HIV/AIDS pandemic. The national SBS estimates for Zambia can be disaggregated by urban versus rural residence, age group (adolescents, youths, young adults and adults), and sex (male versus female), but cannot be mapped and analyzed based on sub-national administrative divisions such as provinces or districts. Source: Central Statistical Office (CSO), Ministry of Health (MOH), University of Zambia, and MEASURE Evaluation, 2010. Zambia Sexual Behaviour Survey 2009. Lusaka, Zambia: CSO and MEASURE Evaluation (

www.cpc.unc.edu/measure/publications/tr-10-73).

More Zambia SBS are available in the publications section of the MEASURE Evaluation site (see www.cpc.unc.edu/measure/publications, keywords “Zambia sexual survey”).



Shapefile 

Shapefiles were invented by ESRI (Earth Systems Research Institute) in the early 1990s, and have become widely used as a type of vector GIS data, especially in the open source world. A shapefile is in reality a collection of at least three separate files, all with the same root name but different file extensions (.shp, .shx, .dbf, .prj), which combine to describe vector (points, lines, and polygons) features of interest. Special GIS software can read these as one “shapefile”. 

V 

Vector data 

A type of data composed of points, lines, and polygons. The most common form of vector data in geographic format is a shapefile. This type of data generally requires less storage than raster data. 

Y 

Young Adult Survey 

The HIV/AIDS Survey Indicators Database from The DHS Program (http://hivdata.dhsprogram.com/start.cfm) contains one YAS for the country of Indonesia. The YAS includes indicators for M&E of HIV/AIDS-related knowledge, attitudes, and behavior. Appendix A contains indicators reported by age and sex that can be mapped and analyzed at the provincial administrative level. Source: Badan Pusat Statistik (BPS)-Statistics Indonesia and Macro International. 2008. Indonesia Young Adult Reproductive Health Survey 2007. Calverton, Maryland, USA: BPS and Macro International (http://dhsprogram.com/pubs/pdf/FR219/FR219.pdf). 



GIS TECHNIQUES FOR M&E OF HIV_AIDS AND RELATED PROGRAMS 

APPENDIX 2: PRACTICAL EXERCISES 

NOTE: The software and data files for each exercise set (for Session 2, Session 3, and Session 4) are available online and must be downloaded separately. The exercise instructions are provided in the PDF version of this document, available at http://www.cpc.unc.edu/measure/resources/publications/ms-15-106 



GIS TECHNIQUES FOR M&E OF HIV_AIDS AND RELATED PROGRAMS 

APPENDIX 3: KEY CONCEPTS 

SESSION 1: 

• A GIS is a database linked to a map. It has 5 main components (hardware, software, geographically-referenced data, procedures, and people). 

• The primary functions of a GIS are to capture, store, query, analyze, display, and output geographically-referenced data. 

• A GIS can display data on a map, which has the advantage of helping the user quickly visually detect the distribution of data in a particular area. 

•The information analyzed by a GIS can help with evidence-based decision-making concerning the targeting of interventions. 

• A GIS can also help with data linking and program integration. 



SESSION 2: 

•In order to be mapped, data must contain geographic identifiers. Common geographic identifiers will also allow one data set to be linked to another. 

• Metadata (data about the data—where and when and why it was collected) is important 

• Geographic data can be represented in vector or raster format, and each of these formats has advantages for different uses. One common type of file used for vector data is the shapefile. 

• Free and/or open source software mapping options are becoming increasingly functional and available. A popular choice (and the one used in this course) is QGIS. 

SESSION 3: 

• There are several primary sources of HIV/AIDS data which have a geographic component. 

• SPA surveys provide information on services provided at various facilities. 

• There are constraints to consider when working with DHS data in a GIS. They are generally representative only at the regional level. 

Sample cluster locations are displaced to ensure respondent confidentiality. 

• The DHS (Demographic and Health Survey) Program’s Spatial Data Repository is a good source for this data. 

• It is important to take into account methodological considerations before working with the GPS data information on cluster data, due to the data’s random displacement and DHS sampling design. 

SESSION 4: 

• Data management and variable creation are key strengths of a GIS. 

• Maps are useful for displaying multiple variables at once, which can help in both asking and answering questions about data. 

• In designing a map, the author should consider appropriate data classification techniques. Color and pattern choices should be based on cartographic traditions and readability. A legend (description of symbols and colors used) and data source and date are also important. 



GIS TECHNIQUES FOR M&E OF HIV_AIDS AND RELATED PROGRAMS 

APPENDIX 4: REFERENCES AND ADDITIONAL RESOURCES 

REFERENCES: 

Farquhar C et al. 2004. “Antenatal Couple Counseling Increases Uptake of Interventions to Prevent HIV-1 Transmission” (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3384734/ ). Journal of Acquired Immune Deficiency Syndrome 37(5):1620–1626. 

The DHS Program (http://dhsprogram.com/), accessed in October 2013. 

Office of the U.S. Global AIDS Coordinator (OGAC). January 2011. “PEPFAR Guidance on Integrating Prevention of Mother to Child Transmission of HIV, Maternal, Neonatal, and Child Health and Pediatric HIV Services”. (http://www.pepfar.gov/documents/organization/158963.pdf) Washington, DC: The President’s Emergency Plan for AIDS Relief (PEPFAR). 

ADDITIONAL RESOURCES: 

THE CENTER FOR GEOGRAPHIC ANALYSIS (CGA) AT HARVARD UNIVERSITY DEVELOPED A SERIES OF 14 INTRODUCTORY QGIS VIDEOS, RANGING FROM 3 TO 8 MINUTES IN LENGTH. 

These videos were produced courtesy of Lex Berman, Center for Geographic Analysis, Harvard University. 

http://gis.harvard.edu/training/non-credit-training. For trainings on specific features and functionality of QGIS, see the videos below. You were introduced to some of these features and functions as part of the practical exercises of this course. 

The videos can be found at the Harvard CGA non-credit training page: 

1) Introduction to the QGIS interface 

2) Pan and Zoom controls 

3) Handling layers 

4) Identify and selection tools 

5) Querying by attribute and advanced queries 

6) Managing plugins 

7) Importing delimited text (x, y coordinates) 

8) Importing from Google Maps (KML) 

9) Projections and Coordinate Reference Systems 

10) Joining tables to shapefiles 

11)Georeferencing a scanned image 

12)Editing a new vector layer 

13)Editing existing features in a vector layer 

14) Symbolization 



FROM ESRI LEARNING, HERE ARE 5 SHORT EXERCISES THAT CAN BE DONE IN ARCGIS ONLINE (FREE ACCESS—NO LOGIN REQUIRED): 

ACTIVITY ONE: See Your World—Map Exploration 

1. Go to http://www.arcgis.com and click "Map" 

2. Grab, hold, and move the map to pan 

3. Test out zooming in and out, using the map's zoom bar, the mouse's scroll-wheel, double-click, and "shift+clickdrag". 

4. Zoom all the way out to the world, and all the way in to your home. Notice what happens when you zoom in and out. 

5. Use the Search box in the top right to find the address of a friend, a relative, or a place, like your state's capital city. 

6. Click the Basemap button and look at each of the different basemaps, from all the way out to all the way in. Notice what happens in each as you zoom in and out. 

ACTIVITY TWO: Measure and Mark Your World—Distance Measurements 

1. Zoom out to the world. Click "Measure" and choose "line". Measure (click to start, double-click to stop) roughly the distance from western USA to Europe, and western USA to central Asia, and northern Alaska to the southern tip of Africa and then the southern tip of South America. (Extra credit: What's a "great circle"?) 

2. Change the measure tool from the ruler to the location tool (looks like a little globe). Click it, wander the map, then zoom in and find the coordinates for your home, Mt. Everest, and the White House. Close the Measure window. 

3. Click "Modify Map." Click the "Add" button, choose "Add Map Notes," and use the "Map Notes" template by clicking "Create." Drop a pushpin on Mt. Everest and name it "Mt. Everest." Zoom back to the White House, drop a pin, and name it. This time, click "Change Symbol," and stroll thru the symbol choices, in "Basic" and the other pallets. 

4. Zoom back home and use the "Add Features" pallet to add an "Area" for the school grounds, and a line for your route to and from school. Click "Details" (top left) when done creating data. 

ACTIVITY THREE: Explore Your World—Searching for Data 

1. At the top of the map, click "New Map", and choose "Open". This will give you a new clean map space, with the Topo basemap, and no additional layers. 

2. Choose "Add/ Search for Layers." In the "Find" window, type "population". Near the top, you should find "USA Population Density". Click on the name, see a quick thumbnail, and click on "Add to map." Then, at the bottom of the left-hand window, click "Done Adding Layers." 

3. Zoom/ pan so you can see all 50 states as states, and then zoom in to your home, one click at a time on the map's zoom bar. As you zoom in, click on the state, and then the county, and then Census Tract, and finally Block Group, and read the text that shows up with each zoom. 

4. It sure would be nice to know what the colors mean! At the top of the left-hand window, click the "Legend" button, and see what the colors mean, and see if the colors and meanings change as you zoom in and out. 

5. Pan around your state and see if every place looks alike. Wouldn't it help to see thru the population layer to the landmarks below? At the top of the left-hand window, click the "Content" button. Hover the mouse over the name "USA Population Density" until you see a little pull-down menu icon at the right end of the name. Click the pull-down, click "Transparency", and play with the little slider. 

ACTIVITY FOUR: Expand Your World—Open a saved map 

1. Use a shortcut URL to go directly: http://esriurl.com/recentquakes . Explore briefly, turning the layers' checkmarks off and on. 

2. Use a long URL to go directly: http://www.arcgis.com/home/webmap/viewer.html?webmap=79151205f3124c13bc814fda3170e901 Try turning on the "old map" layers. 

3. Use ArcGIS Online search. Go to http://www.arcgis.com , then click "Gallery" at the top. In the search box at the top-right of the page (NOT your browser bar's search box), type "USA demographics for schools" and click on the topmost thumbnail. The map should open with 10 layers in it. Zoom to your location, turn off population density, and try the other layers. (Extra credit: If more than one is checked, which one is visible in the map?) 

ACTIVITY FIVE: App the World—Try out a focused app 

1. Terrain profile = http://esriurl.com/elevation 

2. GPX Demo App = http://esriurl.com/gpxdemoapp 

3. StoryMaps visit to DC's National Mall = http://storymaps.esri.com/stories/malltour/ 

Now, what is something about which you would like to make a map? 

For more about using ArcGIS Online in education, see http://esriurl.com/mappingwithago . 
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