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Executive Summary 
Geospatial data play an important role in the efficient planning, preparation, and implementation 
of PHIA Project surveys. These data include geolocation information about survey clusters and 
households, as well as laboratory facilities utilized for processing and testing blood samples 
collected in survey participants’ households. 

While used primarily for operational purposes, survey geospatial data also have critical 
analytical value. However, the locations of survey clusters and household are confidential 
information, which must be managed with similar protections as any other personally identifying 
information (PII). The PHIA Project has carefully balanced the analytic potential of geolocation 
data with the imperative to protect the privacy of survey participants by creating a geographic 
dataset in which the locations of survey households and of clusters are “geomasked.” This 
involves two important elements. First, data pertaining to each individual and household in each 
survey cluster are assigned the location of the centroid of that cluster, which is a form of spatial 
aggregation. Second, the location of each survey cluster centroid is displaced by a random 
direction and a random distance, which is a form of random perturbation. This method 
preserves spatial relationships well enough for most spatial analyses while protecting the 
anonymity of participants. 

The PHIA Project Geospatial Data Use Manual consists of three chapters and several 
appendices. Chapter 1 offers a brief introduction to geoprivacy and geomasking. Chapter 2 
provides an in-depth description the types of geospatial data collected during PHIA Project 
surveys, as well as methods for creating both unmasked and geomasked cluster centroid 
datasets. Chapter 3 highlights policies and procedures associated with requesting, obtaining, 
and utilizing geomasked cluster centroid datasets. Finally, appendices provide dataset-specific 
metadata; SAS code for joining a geomasked cluster centroid dataset with its corresponding 
household questionnaire, individual questionnaire, and biomarker datasets; and Python code for 
conducting the “donut masking” method utilized to displace the locations of cluster centroids 
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1. Introduction 
1.1 Background 

The purpose of the PHIA Project is to collect nationally representative data regarding the status 
of the HIV epidemic in PEPFAR priority countries, including HIV prevalence, HIV incidence, and 
viral load suppression among persons living with HIV, alongside social, geographic, and 
economic data. Used together, these data enable analyses of the correlates of HIV risk, risk 
behaviors, and access to care and treatment. The inclusion of geospatial data alongside PHIA 
biomarker and interview data is a powerful tool for researchers, policy makers, and program 
planners and managers to identify spatial correlates of HIV risk. For example, it can help 
program planners to evaluate geographic hotspots for new infections, or to evaluate the impact 
of the location of health centers, roads, and other services on the relative uptake of care and 
treatment in a region. It also allows researchers to combine PHIA data with other sources of 
geographic data such as elevation or rainfall data to investigate the dynamics of climate 
variation and population health. But the analytical potential of geographic data must also be 
balanced against the imperative to protect the confidentiality of those who participated in PHIA 
surveys. “Geolocation” data identify locations across a broad range of geographic scales: 
nations, sub-national areas, census enumeration areas (EAs), and households. For most 
household-based surveys (e.g., PHIA, DHS), the locations of selected EAs and households are 
strictly confidential information, as these location data can be used to identify survey 
participants and their characteristics (e.g., HIV status, sexual behavior). That is, fine-scale 
location data (e.g., EAs, households) linked to survey data (e.g., questionnaire responses, 
biomarker results) can be or are personally identifying information (PII). Geo-location data 
therefore should be provided the protections required of any PII. 

To that end, critical privacy protection measures have been implemented for PHIA Project data 
in order to allow meaningful geospatial analyses while protecting the privacy of survey 
participants. All individual and household identifiers have been stripped from publicly available 
datasets, including any household-level geographic information. The publicly available 
geographic datasets are comprised of cluster-level geographic coordinates, where data 
pertaining to each individual and household in each survey cluster are assigned the location of 
the centroid of that cluster, which is a form of spatial aggregation. Second, the location of each 
survey cluster centroid is displaced by a random direction and a random distance, which is a 
form of random perturbation. The remainder of this document describes, in detail, the 
geographic data collected, the procedures employed to produce the geomasked centroid cluster 
datasets (Chapter 2); the policies and procedures for use of the geographic data (Chapter 3); 
and finally, how to access and use the geomasked data (Chapter 3). 

1.2 Geoprivacy 

The increasing sophistication of GIS software and methods present an opportunity to analyze 
geospatial data at ever-refined levels, but also potentially permit researchers to link personal 
and health information to individuals via their geographic data. Several researchers have shown 
that geographic data can be used in conjunction with publicly available data to re-identify 
individual addresses using reverse geocoding (Brownstein et al 2006; Curtis, Mills, and Leitner 
2006; Zandbergen 2014). Both Microsoft Bing Maps and Google Maps provide structure level 
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geocoding as part of their online mapping services, making it relatively easy to combine GIS 
data and commonly available address and telephone directories to identify individuals in a 
dataset. (Zandbergen 2014). For this reason, it is imperative that the geographic data released 
with health data be manipulated or “masked” before being released to users in order to protect 
the privacy of the respondents. However, masking must occur in such a way that the spatial 
relationships are preserved well enough to be analytically informative. As there is no universally 
accepted standard for how to balance the competing needs, researchers are left to determine 
the correct balance based on a combination of technical parameters, such as population density 
and spatial resolution, and the unique characteristics of the health information they are 
evaluating. For example, HIV or drug overdose data likely requires a higher emphasis on 
individual privacy protection than influenza data. 

Given the relative sensitivity of PHIA data, the project has attempted to give maximum priority to 
the privacy of the individuals by stripping interview and biomarker datasets of any information 
more geographically specific than an anonymous identifier for each survey cluster, and then, 
within separate geographic datasets, employing a “donut masking” technique to randomly 
displace the geographic coordinates of each survey cluster within a prescribed area around the 
genuine coordinates. The PHIA Project also restricts access to unmasked cluster centroid and 
household-level location data and constrains use of data in terms of allowable uses, analyses, 
and acceptable presentation of results. In order to protect privacy, only geomasked cluster 
centroid datasets will be made publicly available. Unmasked cluster centroid and household-
level location data will not be provided to individuals outside of investigating institutions. 

1.3 Geomasking 

Geomasking is a class of techniques for changing a geographic location in a dataset in an 
unpredictable way to protect confidentiality, while still trying to retain the relationship between 
location and disease occurrence (Sherman and Fetters 2007). The predominant techniques in 
geomasking are aggregation (i.e., assigning everyone in an area to a single coordinate, 
normally a central point in the area) and displacement (i.e., altering the coordinates randomly 
within set parameters). The PHIA Project employs both aggregation as well as displacement 
using a technique known as “donut masking.” All households and individuals within a dataset 
are assigned the location of the centroid of their respective survey cluster, and then the centroid 
is randomly displaced within an area around the actual center of the cluster. The centroid is 
placed in a random direction and a random distance within a defined torus (i.e., “donut”). This 
ensures the centroid is moved at least a minimum distance from its original location, and 
preserves the spatial pattern of the original data well enough to allow for spatial analysis 
(Hampton et al 2010; Allshouse et al 2010; Zandbergen 2014). The inner and outer radii of the 
torus are spatially adapted for each cluster, based on the area of the cluster and the population 
density in and around the cluster. Details regarding method and its application to PHIA data are 
described in Chapter 2. 
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2. Methods 
2.1 Types of Geospatial Data Collected in PHIA Project Surveys 

Several types of geospatial data are collected as part of each PHIA Project survey (Table 1). 
While these data are used primarily for operational purposes, they also form the foundation of 
the public-access cluster-level geospatial dataset that can be linked to household- and 
individual-level datasets for analytical purposes. 

Production of PHIA Project public-access geospatial datasets involves various geoprocessing 
routines and spatial analyses, which are conducted utilizing geographic information systems 
(GIS) software, including ArcGIS Desktop (https://desktop.arcgis.com/en/) and QGIS 
(https://www.qgis.org/en/site/). An appropriate coordinate reference system (CRS) is utilized for 
evaluation and geoprocessing of each survey’s geospatial datasets. Datasets for countries 
located entirely within a single Universal Transverse Mercator (UTM) zone are projected into the 
appropriate World Geodetic System (WGS) 84 UTM projected coordinate system (PCS), while 
datasets for countries situated in multiple UTM zones are projected into the WGS 84 Africa 
Albers Equal Area Conic PCS. Final geomasked cluster centroid datasets are re-projected into 
the WGS 84 geographic coordinate system (GCS) prior to public release. 

2.1.1 Cluster boundaries and centroids 
Enumeration area (EA) boundary data for all survey clusters are typically provided by each 
country’s national statistical office. These data are usually provided in shapefile format. In some 
cases, data for cluster centroids may be provided instead of, or in addition to, data for cluster 
boundaries. In other cases, no cluster geolocation data may be available. When available, 
cluster geolocation data are loaded onto encrypted and passcode-protected tablet computers in 
keyhole markup language (KML) format using the MAPS.ME mobile app (https://maps.me), 
which includes OpenStreetMap (OSM, https://www.openstreetmap.org) data. Together, the 
cluster geolocation data and OSM data assist household listing and mapping personnel in 
navigating to and within survey clusters. 

2.1.2 Household GPS coordinates collected during household mapping and listing 
During the household listing and mapping phase of each survey, Global Positioning System 
(GPS) coordinates are collected for all structures, thereby identifying all potential dwelling units 
within each survey cluster. Geolocation data are collected using GPS-enabled tablet computers 
and Open Data Kit (ODK, https://opendatakit.org) software. After selection of survey households, 
GPS coordinates for selected households in each cluster are loaded onto tablet computers 
together with cluster location and OSM data as described in the previous paragraph. These data 
assist data collection personnel in navigating to and within survey clusters, and in locating survey 
households. 

2.1.3 Household GPS coordinates collected during data collection 
During the data collection phase of each survey, GPS coordinates are collected for each 
household in which one or more individual participates in HIV household-based testing and 
counseling (HBTC). No GPS coordinates are collected for households that refuse to participate 
in the survey, or for households with no individuals who participate in HIV HBTC. In contrast, 
households with more than one individual who participates in HIV HBTC may have multiple GPS 
coordinates associated with that household. These data assist survey personnel in relocating 
individuals who may require HIV HBTC-related follow-up. 

https://desktop.arcgis.com/en/
https://www.qgis.org/en/site/
https://maps.me/
https://www.openstreetmap.org/
https://opendatakit.org/
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Table 1 Types of geospatial data collected in PHIA Project surveys 

DATA TYPE FORMAT GEOMETRY SOURCE NOTES 

cluster 
boundaries 

shapefile, 
kml 

line and/or 
polygon 

national 
statistical 
office 

For some surveys, cluster centroids 
rather than cluster boundaries were 
provided. For these surveys, 
cluster boundaries were created as 
circular polygons centered on the 
cluster centroid, with a radius of 
200 m for urban clusters and 1,000 
m for rural clusters. 
In some cases, neither cluster 
boundaries nor cluster centroids 
were provided. 

cluster 
centroids 

shapefile, 
kml point 

national 
statistical 
office 

For surveys with cluster 
boundaries, cluster centroids were 
also created. 

household 
GPS 
coordinates 

csv, kml point household 
listing 

Includes all listed households with 
valid GPS data. 

household 
GPS 
coordinates 

csv, kml point data 
collection 

Includes only households with at 
least one HIV testing participant. 
Households with more than one 
HIV testing participant may have 
multiple GPS coordinates. GPS 
data collection is not mandatory, 
such that households with HIV 
testing participants may have 
missing GPS data. 
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2.2 Creation of Final Unmasked Cluster Centroid Datasets 

Creation of unmasked cluster centroids is a multi-step process, which involves: (1) assessing 
data availability, data quality, and spatial coincidence of data sources for each cluster; (2) 
creating a final cluster boundary dataset; and (3) creating a final unmasked cluster centroid 
dataset. 

2.2.1 Assessing data availability, data quality, and spatial coincidence of cluster datasets 
As a first step in the process of creating unmasked cluster centroids for subsequent 
geomasking, an evaluation is done to determine (1) the types of geospatial data available for 
each cluster; (2) the quality of each available dataset; and (3) the spatial coincidence of 
available datasets for each cluster. 

First, for each survey cluster, a simple evaluation is done to determine the availability of (1) 
cluster boundary and/or centroid data, (2) household GPS coordinate data collected during 
household listing and mapping, and (3) household GPS coordinate data collected during data 
collection. 

Second, several preliminary quality control measures are implemented. Geospatial datasets are 
evaluated for consistency in the unique identifier variable for each cluster. Household GPS 
coordinate datasets are evaluated for spatial outliers, which are removed. For data collection 
household GPS coordinate datasets, households with multiple GPS coordinates are identified, 
and a single geolocation for such households is generated by calculating the spatial average of 
the multiple GPS coordinates associated with that household. 

Third, an analysis of the spatial coincidence (i.e., intersection) of each cluster polygon 
associated with each of the three spatial datasets is conducted: (1) cluster boundary polygons; 
(2) polygons defined by the minimum bounding circle encompassing all household GPS 
coordinates from household listing and mapping; and (3) polygons defined by the minimum 
bounding circle encompassing all household GPS coordinates from data collection. For any 
cluster with only a centroid, a circular boundary polygon is created, with a radius of 200 meters 
for urban clusters and 1,000 meters for rural clusters. Minimum bounding circle polygons for 
household GPS coordinates are constrained to have a minimum radius of 200 meters for urban 
clusters and 1,000 meters for rural clusters. There are 18 distinct possible outcomes for this 
spatial coincidence analysis (Figure 1, Table 2). 
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Figure 1 Illustration of possible outcomes for geospatial data availability and spatial 
coincidence analysis, with spatial coincidence analysis result codes 1 
through 18 
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Table 2 Cluster boundary and household GPS data availability and spatial coincidence analysis: Approach to creating 
final cluster boundaries 

SPATIAL 
COINCIDENCE 

ANALYSIS 
RESULT 
CODE 

DATA SOURCE AVAILABILITY SPATIAL INTERSECTION 

APPROACH TO CREATING 
FINAL CLUSTER BOUNDARIES 

CLUSTER 
BOUNDARIES 

(CB) 

HOUSEHOLD 
GPS POINTS: 
HOUSEHOLD 

LISTING 
(GPS-HL) 

HOUSEHOLD 
GPS POINTS: 

DATA 
COLLECTION 

(GPS-DC) 

CB / GPS-DC1,3 GPS-DC1,3 / GPS-HL2,3 CB / GPS-HL2,3 

1 YES YES YES YES YES YES Maintain original CB. 

2 YES YES YES YES NO NO Maintain original CB. 

3 YES YES YES NO YES NO 
Create an artificial CB defined by the minimum 
bounding circle encompassing all GPS-DC and GPS-
HL points.3 

4 YES YES YES NO NO  YES Flag for evaluation. 

5 YES YES YES NO NO NO Flag for evaluation. 

6 YES YES YES YES NO YES Maintain original CB. 

7 YES YES YES NO YES YES Maintain original CB. 

8 YES YES YES YES YES NO Maintain original CB. 

9 NO YES YES N/A YES N/A 
Create an artificial CB defined by the minimum 
bounding circle encompassing all GPS-DC and GPS-
HL points.3 

10 NO YES YES N/A NO N/A Flag for evaluation. 

11 YES NO YES YES N/A N/A Maintain original CB. 

12 YES YES NO N/A N/A YES Maintain original CB. 

13 YES NO YES NO N/A N/A Flag for evaluation. 

14 YES YES NO N/A N/A NO Flag for evaluation. 

15 YES NO NO N/A N/A N/A Maintain original CB. 

16 NO YES NO N/A N/A N/A Create an artificial CB defined by the minimum 
bounding circle encompassing all GPS-HL points.3 

17 NO NO YES N/A N/A N/A Create an artificial CB defined by the minimum 
bounding circle encompassing all GPS-DC points.3 

18 NO NO NO N/A N/A N/A Flag for evaluation. 

1The polygon defined by the minimum bounding circle encompassing all GPS-DC points. 
2The polygon defined by the minimum bounding circle encompassing all GPS-HL points. 
3Minimum bounding circles encompassing GPS-DC and/or GPS-HL points are constrained to have a minimum radius of 200 meters for urban clusters and 1,000 meters for rural clusters. 
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2.2.2 Creating final cluster boundary and unmasked cluster centroid datasets 
Based on the outcome of the spatial coincidence analysis, original cluster boundaries are either 
maintained, or artificial cluster boundaries are created (Table 2). For most clusters, all three 
geospatial data sources are available and are spatially coincident (i.e., spatial coincidence 
analysis result code = 1), such that the original cluster boundary is typically maintained for most 
clusters for most surveys. Less common are other outcomes that maintain the original cluster 
boundary, and still less common are outcomes that require creation of an artificial circular 
boundary. Outcomes that require visual evaluation and subjective determination are 
exceptionally rare. 

Once a cluster boundary dataset has been finalized, an unmasked cluster centroid dataset is 
created by converting polygons to points, where each point is the geometric center of its 
respective polygon boundary, with the constraint that a point must be located inside its polygon 
boundary. 

2.3 Creation of Final Geomasked Cluster Centroid Datasets 

The geolocation of each cluster centroid is geomasked utilizing a “donut masking” method, 
whereby each cluster centroid is displaced a random direction and a random distance within a 
defined torus (i.e., “donut”) (Figure [#]). The inner and outer radii of the torus (Dmin and Dmax, 
respectively) are spatially adapted for each cluster, based on (1) the area of the cluster and (2) 
the population in and around the cluster, as described below. 

2.3.1 Determining the minimum and maximum displacement distance for each cluster 
Each cluster centroid is displaced by at least a minimum distance (Dmin), where Dmin is defined 
such that the area of the circle defined by radius Dmin is equal to the area encompassed by a 
cluster’s boundary (Figure 2). 

Each cluster centroid is displaced by at most a maximum distance (Dmax), where Dmax is defined 
such that the area of the torus defined by radii Dmin and Dmax encompasses a population at least 
five times the population encompassed by the circle defined by radius Dmin. 

For each cluster, population estimates are determined by overlaying the circle with a radius 
equal to Dmin on a country-specific approximately 100-meter resolution gridded population count 
dataset from WorldPop (http://www.worldpop.org.uk). The radius of the circle is then increased 
in increments of 0.1 x Dmin until the area of the torus (“donut”) defined by Dmin and Dmax 
encompasses at least five times the population encompassed by the circle (“donut hole”) 
defined by radius Dmin (Figure 2). Dmax is, however, constrained to a maximum value of 15 
kilometers, irrespective of the urban-rural status of a cluster. 

http://www.worldpop.org.uk/
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Figure 2 Illustration of the donut masking method 

 

Each unmasked cluster centroid (black dot) is displaced by a random direction between 0 and 359 degrees and a 
random distance, Ddisplacement, between Dmin and Dmax to its geomasked cluster centroid location (red dot). Dmin and Dmax 
are spatially adapted for each cluster. Dmin is adapted such that the area of the circle defined by radius Dmin (white 
“donut hole”) is equal to the area encompassed by a cluster’s boundary. Dmax is adapted such that the area of the torus 
defined by radii Dmin and Dmax (cross-hatched “donut”) encompasses a population at least five times the population 
encompassed by the circle defined by radius Dmin. 
 

2.3.2 Defining additional displacement constraints 
While each cluster centroid is constrained be randomly displaced a distance between Dmin and 
Dmax, two additional constraints are also imposed. 

First, cluster centroids may not be displaced outside of the stratum-level administrative area in 
which the cluster is located. Stratum-level administrative areas typically correspond to level-one 
subnational units (SNU), such as provinces or regions. In such cases, the appropriate GADM 
(https://gadm.org/index.html) dataset is typically utilized to enforce this constraint. In a few 
cases, GADM does not contain current data for the requisite SNU boundaries. In such cases, an 
up-to-date SNU boundary dataset is typically provided by a country’s national statistical office. 
And, in other cases, stratum-level administrative areas correspond to specialized aggregations 
of SNUs, such as health zones. In such cases, the requisite stratum-level administrative area 
boundary dataset is typically provided by a country’s national statistical office; is obtained from 
The DHS Program Spatial Data Repository (https://spatialdata.dhsprogram.com/home/); or is 
constructed by PHIA Project personnel. Metadata provided in Appendices C through P specify 
the stratum-level administrative area boundary dataset utilized to enforce this constraint for 
each survey. 

https://gadm.org/index.html
https://spatialdata.dhsprogram.com/home/


PHIA Geospatial Data Use Manual 16 

Second, cluster centroids may not be displaced inside a major water body, such as a large lake 
or an ocean. The World Water Bodies 2016-11-30 Data and Maps for ArcGIS is utilized to 
enforce this constraint for each survey. 

2.3.3 Displacing cluster centroids 
Each cluster is displaced by (1) randomly selecting a distance, Ddisplacement, from a uniform 
distribution of values between Dmin and Dmax; (2) randomly selecting an angle from a uniform 
distribution of values between 0 and 359 degrees, where 0 is north and 90 is east; and (3) 
displacing the cluster centroid to the location specified by the random distance and random 
direction. If a cluster centroid is displaced outside of the stratum-level administrative area in 
which the cluster is located or inside a major water body, then the process is reiterated until the 
displacement adheres to all constraints. Summary statistics (minimum, maximum, mean, 
median, P25, P75) for Ddisplacement for each survey are provided in the metadata in Appendices C 
through P. 

2.3.4 Implementing final quality control 
Finally, several quality control measures are implemented. 

First, occasionally an unmasked cluster centroid is located just outside the boundary of the 
stratum-level administrative area in which it should be located — or an unmasked cluster 
centroid is located just inside a major water body. Such cases are typically due to inaccuracies 
in the geospatial data. In such cases, geomasking involves manual displacement of the 
unmasked cluster centroid into the appropriate stratum-level administrative area. 

Second, any geomasked cluster centroid whose displacement requires more than one iteration 
of the random distance, random direction selection is visually inspected to ensure no 
geoprocessing errors have occurred. Such cases are typically associated with clusters located 
close to a stratum-level administrative area boundary or a major water body. Very rarely, a 
cluster centroid cannot be geomasked, or a cluster lacks geospatial data. Such clusters are 
omitted from the geospatial dataset and are documented as missing data in the metadata 
provided in Appendices C through P. 

Third, each geospatial dataset is joined with its corresponding household and individual dataset 
to ensure consistency in key variables, including cluster unique identifier, stratum-level 
administrative area, and urban-rural status. On rare occasions, minor discrepancies occur, and 
these discrepancies are documented in the metadata provided in Appendices C through P. 

2.3.5 Producing final geomasked cluster centroid datasets 
After final quality control has been implemented for a geomasked cluster centroid dataset, the 
file is converted from shapefile to comma separated value (csv) format. The csv file contains 
only three variables: a cluster unique identifier as well as longitude and latitude in the WGS 84 
GCS. No elevation data are provided in PHIA Project geomasked cluster centroid datasets. 
However, users interested in adding elevation information to a dataset may do so utilizing the 
appropriate GIS tools and a digital elevation model (DEM), such as the Advanced Spaceborne 
Thermal Emission and Reflection Radiometer (ASTER) DEM or the Space Shuttle Radar 
Topography Mission (SRTM) DEM, both of which are available from the United States 
Geological Service (USGS) EarthExplorer (https://earthexplorer.usgs.gov). 

 

https://earthexplorer.usgs.gov/
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3. PHIA Project Public-Release Geospatial Dataset Policy and 
Procedures 
The Public-Release Geospatial Dataset for each PHIA Project survey contains three variables: 
cluster unique identifier, geomasked cluster centroid longitude, and geomasked cluster centroid 
longitude. The cluster unique identifier, centroidid, enables users to link the location of each 
geomasked cluster centroid to a corresponding record in the PHIA Public-Release Household 
Questionnaire, Individual Questionnaire, and Biomarker Datasets. The geographic coordinates 
for each cluster centroid have been be geomasked using a spatially adaptive random 
perturbation method described in Chapter 2. Appendices C through P provide metadata 
regarding the Public-Release Geospatial Dataset for each survey. 

3.1 Policy for Public Access to and Use of Geospatial Datasets 

Each survey’s Public-Release Geospatial Dataset will become available to the public separately 
from and generally within six months after corresponding PHIA Public-Release Household 
Questionnaire, Individual Questionnaire, and Biomarker Datasets become available. To access 
a Public-Release Geospatial Dataset, interested individuals must complete a PHIA Survey 
Public-Release Geospatial Dataset Access and Use Agreement, which is available on the PHIA 
Project website (https://phia-data.icap.columbia.edu/). 

3.2 Procedures for Requesting, Accessing, and Utilizing Geospatial 
Datasets 

3.2.1 Requesting Geospatial Datasets 
Interested individuals must utilize the online PHIA Survey Public-Release Geospatial Dataset 
Access and Use Agreement, which is found on the PHIA Project website (https://phia-
data.icap.columbia.edu/). Each survey’s Public-Release Geospatial Dataset must be requested 
separately. Requests will be reviewed, and requesters will be notified of a decision within 10 
business days. If a request is approved, requesters will be provided with instructions on 
accessing the dataset; if a request is declined, requesters will be provided with a rationale for 
the refusal. All communications will be sent to a requester-specified email address. 

3.2.2 Accessing and Using Geospatial Datasets 
Researchers who are approved to use a Public-Release Geospatial Dataset will be provided 
with the dataset as csv, dta, and sas7bdat files via a secure file transfer protocol (FTP) link 
where they can download approved dataset(s). It is expected that the dataset(s) will be used by 
the researcher for the described analysis and not disseminated beyond the individuals identified 
in the PHIA Survey Public-Release Geospatial Dataset Access and Use Agreement. 

Once downloaded, a Public-Release Geospatial Dataset can be merged with its corresponding 
household questionnaire, individual questionnaire, and biomarker datasets using a randomly 
generated cluster identifier variable, centroidid. This variable is specified as a two-letter country 
abbreviation and a six-digit sequential number, where the six-digit number starts at 000001 and 
runs up to the total number of cluster centroids in the country. The order of the clusters in the for 
centroidid is random, so closeness in location has no relation to closeness in the centroidid 
number. 
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The purpose of the centroidid variable is to facilitate joining geomasked cluster centroid 
coordinates to the Public-Release household questionnaire, individual questionnaire, and 
biomarker datasets. Each record in these datasets, representing either a household or an 
individual, includes a centroidid to facilitate this join. Sample SAS code for joining cluster 
centroid coordinates with Public-Release household questionnaire, individual questionnaire, and 
biomarker datasets may be found in Appendix A. 
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Appendix A Sample SAS code for joining geospatial datasets 
with household and individual datasets 
 
* Change 'this2016' to the prefix on the datasets for the appropriate 
country, 
* for example, for Uganda all files have the prefix 'uphia2016' and for 
Malawi 
* they all have an 'mphia2015' prefix.; 
  
%let survey = this2016; 
  
libname geo "[path to coordinate dataset]"; 
libname &survey. "[path to public release datasets]"; 
  
proc sql; 
      create table &survey._geojoin as 
      select b.*, g.Latitude, g.Longitude 
      from &survey..&survey.adultbio b 
      left join geo.&survey.centroids g 
      on b.CentroidID = g.CentroidID; 
      quit; 
run; 
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Appendix B Cluster centroid geomasking Python script 
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