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I.​ Data Inputs  
The following input data were used to create the GRID3 NGA - Health Facilities v3.0. 
 
Table 1 - Data inputs 

Source Name/ Description Data source 
acronym 

File 
format 

Input year  Accessed 
on 

GRID3 NGA - Health Facilities v2.0  GRID3 v2 gpkg 2018-2024 March 2026 

List of primary health centers in Nigeria 
collected by the National Primary Health 
Care Development Agency.  

NPHCDA Tabular 2025 March 2026 

Nigeria Health Facilities Registry published in 
2024. 
 

NHFR 2024 Tabular Unknown March 2026 

Nigeria Health Facilities Registry published in 
2026. 

NHFR 2026 Tabular Unknown April 2026 

Jigawa state health facilities with 
coordinates captured during the 2021 SMC 
campaign 

NMEP 2021 Jigawa Tabular 2021 March 2026 

Gombe state health facilities with 
coordinates captured during the 2021 SMC 
campaign 

NMEP 2021 Gombe Tabular 2021 March 2026 

Gombe state health facilities with 
coordinates captured during the 2022 SMC 
campaign 

NMEP 2022 Gombe Tabular 2022 March 2026 

Geo-codes of RI sessions sites in 15 ZD 
LGAs of Kano State 

CHAI Kano Tabular 2025 January 
2026 

GRID3 Oyo state field collected health 
facilities  data, 2025 

GRID3 Oyo Tabular 2025 November 
2025 

GRID3 Bayelsa state field collected health 
facilities  data, 2025 

GRID3 Bayelsa Tabular 2025 December 
2025 

Osun NMEP distribution hubs locations NMEP 2023 Osun Tabular 2023 February 
2024 

 
 

II.​ Methodology 
 
Sections 1 - 4 refer to the processing of input data prior to harmonization. The “output fields” described in 
these sections refer to fields that can be found in the input data files.  
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1.​ Schema standardization 

 
The schema of the raw datasets was standardized according to Table 4. 
 
Table 2- Data sources - schema standardization 

Value obtained from data source Standardized field name 

unique identifier of each records input_data_record_ids 

state name state 

lga name lga 

ward name ward 

facility name facility_name 

date of  source data source_date 

latitude latitude 

longitude longitude 

GPS accuracy accuracy 

 

2.​ Health facility names cleaning 

 
2.1 Add raw data source acronym 

The acronyms of the data sources used in this dataset were added in accordance with the List of Data 
Source Names and Acronyms table (see Table 3). 
​  
2.2 Give each record a unique identifier  

A unique identifier was created by combining the source data acronym (e.g., nphcda) with a randomly 
generated 10-character alphanumeric string (e.g., nphcda_A94X2B7KQ1). 
​  
2.3 Format and clean health facility names 

Health facility names were cleaned and formatted in two sequential steps. The first step reformatted the 
health facility without altering their content, except for the correction of spelling errors. The second step 
involved additional editing of the health facility names, including the conversion of Roman numerals to 
Arabic numerals. This conversion was performed to harmonize the representation of numbers in the 
health facility and clean_name_original fields, thereby increasing the likelihood of successful matching. 

Step 1: 
●​ Correct improperly encoded Unicode text (e.g., Garin Malam YaÃ¼ → Garin Malam Yaü) 
●​ Convert to title case: All text were converted to title case (e.g., example text → Example Text) 
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●​ Format slashes with spaces: A space before and after slashes was added (e.g., Example/Text → 
Example / Text). 

●​ Format parentheses with spaces: A space before and after parentheses  was added (e.g., 
Example(Text) → Example ( Text )). 

●​ Correct zero in text : The digit “0” was replaced with a lowercase “o” if it appears in a word context 
(e.g., W0rd → Word).  

●​ Separate numbers from text: A space between letters and numbers was added (e.g., Zone1 → 
Zone 1) 

●​ Correct spelling errors: Typos of English words were corrected based on the dictionary 
spelling_fix.xlsx     (e.g., Centrall → Central). 

 
Step 2: 

●​ Convert Roman numerals to Arabic numerals: Roman numerals were replaced with the 
corresponding Arabic numerals (e.g., Region II → Region 2). 

●​ Replace ampersands: The ampersand symbol "&" was replaced  with the word "and" (e.g., 
Example & Word → Example and Word). 

●​ Remove quotation marks: Single and double quotation marks were removed (e.g., ‘Word’ or 
"Word" → Word). 

●​ Remove parentheses around numbers and letters: Numbers or single letters enclosed in 
parentheses were reformatted by removing the parentheses (e.g., Area (1) → Area 1; Part (B) → 
Part B). 

 
 
2.4 Standardize LGA names 

LGA names in the raw dataset were standardized using the GRID3 harmonized LGA list. First, exact 
matches between the raw LGA names and the GRID3 harmonized list were checked using both the 
lga_standard and lga_alt_names fields. When an exact match was found, the raw LGA name was replaced 
with the corresponding lga_standard name. If no exact match was identified, a manual comparison based 
on spelling similarity was performed. 
 
2.5 Standardize ward names 

Ward names in the raw dataset were standardized using the GRID3 harmonized ward list. First, exact 
matches between the raw ward names and the GRID3 harmonized list were checked using both the 
ward_standard and ward_alt_names fields. When an exact match was found, the raw ward name was 
replaced with the corresponding ward_standard name.If no exact match was identified, a manual 
comparison based on spelling similarity was conducted.  
 

3.​ Spatial consistency checks and record classification 
 
3.1 Identify clustered health facility points 

Health facility points located within a short distance of each other may indicate potential spatial 
duplicates. In this step, health facility  points were analyzed to determine whether they formed clusters 
based on a 1-meter and 50-meter proximity threshold, using the Density-Based Spatial Clustering of 
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Applications with Noise (DBSCAN) algorithm. Points within the same cluster were assigned the same 
positive numerical identifier (from 1 to n), while isolated health facility points were assigned unique 
negative numerical identifiers (from -1 to -n). 

Although the DBSCAN algorithm used a predefined distance threshold, this does not mean that all points 
within a cluster are located within predefined distance. DBSCAN identifies clusters based on the density 
of nearby points, not direct pairwise distance. The predefined distance threshold defines the maximum 
step size the algorithm can take when connecting neighboring points—it does not limit the total size of 
the cluster. 

In practice, this means that points can be linked together through a chain of nearby connections. For 
instance, if Point A is within 50 meters of Point B, and Point B is within 50 meters of Point C, all three 
points will belong to the same cluster—even if Points A and C are farther than 50 meters apart. This 
chaining effect allows DBSCAN to detect clusters of health facilities that follow linear or irregular spatial 
patterns, which can naturally span distances greater than the initial 50-meter threshold. 

3.2 Identify duplicate-name records 

Records sharing the same combination of LGA, ward, and health facility names  were identified as 
duplicate names. A count representing the total number of occurrences of such combinations was added.  
​  
 
3.3 Calculate total distance between duplicated-name records 

For each group of duplicate-name records identified in dup_count, the pairwise distances between 
records were computed in meters and summed. The total distance value was then attached to each 
record within the corresponding duplicate-name group. 

 
 
3.4 Verify health facility against settlement extent 

The distance (in meters) between each health facility point and the nearest settlement extent was 
calculated using the GRID3 NGA – Settlement Extent v3.1 layer. When the distance was less than 150 
meters, the corresponding settlement extent identifier (mgrs_code) and settlement type were added to 
the settlement record. 

 
3.5 Verify spatial consistency of health facility within administrative units 

Health facility points were overlaid with ward and LGA polygon datasets to assess whether each point 
was located within its corresponding administrative area. For points that did not fall inside their expected 
ward or LGA, the shortest distance (in kilometers) to the nearest polygon edge was calculated using the 
current operational ward boundary layer. This analysis ensured spatial consistency between the attribute 
information in the health facility dataset and the geographic extents of the administrative units. 

Some distances could not be calculated due to missing spatial data for certain wards or because of 
mismatches between the ward and LGA names in the health facility dataset and those in the reference 
layers. 
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      4. Spatial harmonization - health facility matching and merging 

This section describes the process used to merge records across multiple data sources. The procedure 
combines spatial proximity analysis with text-based name matching. 
  
4.1 Health facility name  matching 

In this step, health facilities were matched based on spatial proximity, LGA name,  ward name, and health 
facility name using multiple text-matching algorithms. Health facility names were cleaned and formatted 
during the preprocessing stage and further refined by removing facility type (e.g Health Post, Primary 
Health Center), descriptive words (village, settlement) and punctuations.  The resulting formatted facility  
names were used for the matching. Distances between health facility  points were calculated, and 
iterative matching tests were conducted using the LGA, ward and  formatted facility names. The 
algorithms applied included Levenshtein distance, Fuzzy Ratio, Fuzzy Token Ratio, and Identical Match.1 

Thresholds were developed based on distance, administrative unit (LGA or ward), and text similarity 
scores to determine whether two records would be matched (treated as representing the same health 
facility). For example, when health facilities were located within 25 meters of each other, an identical 
match (match_score = 100) was considered a perfect match. If no identical match was found, the records 
were evaluated sequentially using the Fuzzy Ratio (threshold ≥ 73) and Fuzzy Token Ratio (threshold ≥ 
55). Health facilities that met or exceeded these thresholds were classified as duplicates. 

Following the same logic, for health facilities located within 100 meters of each other, and where no 
identical match was identified, the Fuzzy Ratio was evaluated first (threshold ≥ 88), followed by the Token 
Set Ratio and Fuzzy Ratio (threshold ≥ 80). In this case, records with similarity scores below the defined 
thresholds were not considered matches, even when the spatial distance between points was relatively 
short. 

As points located farther apart, progressively higher similarity thresholds were required to confirm a 
match. The table below summarizes the distance and text similarity criteria used for matching. 

Table 3 - Distance and text similarity thresholds 

 
Any one of these criteria 

constitutes a match 
  

Distance between points 
(meters) 

Fuzzy ratio 
Token set ratio is 
85 or higher and 

fuzzy ratio is 

LGA used for 
matching 

Ward used for 
matching 

0-25 75+ 60+ No No 

25-50 78+ 65+ No No 

50-100 80+ 78+ Yes No 

100-250 85+ 80+ Yes No 

250-500 98+ 85+ Yes No 

1 For more information on matching techniques, see: Gonzalo Navarro. 2001. A guided tour to approximate string matching. ACM 
Comput. Surv. 33, 1 (March 2001), 31–88. https://doi.org/10.1145/375360.375365; Herzog, T. N., Scheuren, F. J., & Winkler, W. E. 2007. 
Data Quality and Record Linkage Techniques. Springer. Christen, P. 2012. Data Matching: Concepts and Techniques for Record Linkage, 
Entity Resolution, and Duplicate Detection. Springer. 
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Any one of these criteria 

constitutes a match 
  

Distance between points 
(meters) 

Fuzzy ratio 
Token set ratio is 
85 or higher and 

fuzzy ratio is 

LGA used for 
matching 

Ward used for 
matching 

Ward boundary 92+ 95+ Yes Yes 
 

4.2  Revisiting matched health facilities 

In the above process, we used only the facility name, without facility type information, to identify duplicate 
health facilities. This approach may result in mismatches, as facilities with the same name can have 
completely different types, such as a PHC and a hospital. 

To avoid this issue, we reviewed matched health facilities by facility type. Where matched facilities had 
different types and were from the same data source, the match was reversed, and the records were 
retained as independent facilities. 

4.3 Selecting final record among matched records 

After the match process, a data source prioritization was applied to ensure consistent selection of 
records, giving preference to specific sources regardless of spatial proximity or attribute values. We 
included one exception to this rule, priority was always given to health facilities with wards contained in 
the GRID3 harmonized LGA list over those that were not, regardless of data source. The priority order was 
as follows:  
 
Table 4: Data source prioritization 

Data Source  Priority 

CHAI Kano 1 

NPHCDA 2026 2 

GRID3 Oyo 3 

GRID3 Bayelsa 3 

NMEP 2022 Gombe 3 

NMEP 2021 Jigawa 3 

NMEP 2023 Osun 3 

NMEP 2021 Gombe 4 

GRID3 v2 5 

NHFR 2024 6 
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Data Source  Priority 

NHFR 2026 7 

 

4.4. Reprocessing spatially duplicated health facilities 

After spatial harmonization, some facilities with the same LGA, ward, and facility name were identified as 
spatial duplicates. These cases occurred when multiple health facility points shared the same LGA and 
ward attributes and facility name, but were located more than 500 meters apart. 

We assumed that each health facility name should be unique within a ward and applied the following 
decision rules in sequence: 

1.​ If duplicate points were located outside their respective ward boundaries, the point nearest to the 
ward boundary, up to a maximum distance of 2 km, was selected. 

2.​ Otherwise, the record located within a settlement extent was selected. 
3.​ When the duplicate records remained unresolved, the record was selected based on the data 

source prioritization described in Section 4.3. 
4.​ If the duplicate records could not be resolved using data source prioritization, the record without 

another health facility point within 100 meters was selected. 
5.​ If none of these conditions were met, all duplicate locations were retained and flagged as 

duplicate records using flag1 in Table 6. 
 
4.5.  Manually reviewing health facilities that are clustered in 100m 

Health facilities that are clustered in 100m are reviewed manually  and matched if multiple records refer 
to the same health facility. Final location of manually matched records were determined based on  the 
source prioritization described in Section 4.3. 

4.6.  Removing spatial attributes 

Due to limited metadata and suspected low spatial accuracy, XY coordinates were removed from health 
facility records that met either of the following criteria: 

1.​ Records located more than 2 km away from the Nigeria country boundary. 
2.​ Records found only in the NHFR 2026 dataset. 

 

4.6 Flagging records for further review 

Unresolved discrepancies were retained in the dataset for further inspection. The following flags were 
added to facilitate review. 
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Table 5 - Flag names and descriptions 

Flag name Flag description 
 

flag1 Duplicated health facility records. 

flag2 Health facility point located 150 meters or more outside a settlement extent.2  

flag3 Health facility point located within 1 meter of another health facility point. 

flag4 Health facility point located within 50 meters of another health facility  point. 

flag5 Health facility  points fall outside of the current operational ward boundary layer. 

flag6 Missing XY coordinates. 

 

4.7 Integration of health facility attributes 

After spatial harmonization, we extracted the following attributes from the input sources: facility 
alternative name, settlement name where the facility is located, facility type, facility level, facility 
ownership, facility functional status, record creation date, GPS accuracy, and NHFR facility code. 

We then standardized the category-based attributes, such as facility level and facility type, and attached 
the standardized attributes to the harmonized spatial dataset. When multiple facilities from different 
sources were harmonized into a single record, we selected the final attributes from the input sources 
according to the source prioritization described in Section 4.3 

 
Data Dictionary 
 
The GRID3 NGA - Health Facilities v3.0  is a spatial data layer in OGC Geopackage format. The metadata 
file is included in xml format.  

Table 6 - Codebook  
Name of field Description 

unique_id Unique ID  

latitude Latitude in decimal degrees 

longitude Longitude in decimal degrees 

state_standard Standardized state name 

lga_standard Standardized Local Government Area (LGA) name 

2 Based on polygons from the GRID3 NGA - Settlement Extents v3.1 dataset. 
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Name of field Description 

ward_standard Standardized ward name 

ward_bdry 
Ward name assigned to each point through spatial overlay with the 
current operational ward boundary layer. 

ward_in_grid3_ward_list 
Boolean variable to indicate whether the value in the ward_standard field 
is included in the GRID3 harmonized ward list. Values include: "1" = yes; 
"0" = no. 

facility_name 
Health facility name standardized for consistent capitalization, spacing, 
and spelling (cleaning step #1). 

alt_name Alternative health facility name 

settlement _name Settlement name the health facility is located 

facility_level Level of care provided at the health facility : Primary, Secondary, Tertiary 

facility_type 

Type of health facility: Basic Health Centre, Comprehensive Health Centre, 
Dispensary, General Hospital, Health Clinic, Health Post, Model Primary 
Health Center, Primary Health Center, Primary Health Clinic, Specialized 
Hospital, Teaching Hospital, Teaching/ Tertiary Hospital, Unknown. 

facility_ownership Ownership of the health facility: Private or Public. 

facility_ownership_type Sub categories of facility ownership 

functional 
Functional status of health facility. Derived from functional or operational 
fields from input sources 

date_created Date attribute from input sources 

sett_ext_type 
Nearest settlement extent type within 150 meters.3 Classes include: 
Built-Up Area (urban); Small Settlement Area (semi-urban/ rural); Hamlet 
(rural). A null value means no extent within 150 meters. 

mgrs_code 
Settlement Extent ID of the nearest settlement polygon within 150 
meters.4 A null value indicates that the closest settlement polygon is 
more than 150 meters away. 

input_data_record_ids 
Concatenation of input_data_record_id of all matched health facility 
points. This field can be used to link the harmonized datasets with the 
original data inputs. 

input_data_sources 
Concatenation of data source acronyms of all matched health facility 
points. 

4 Idem 

3 Based on polygons from the GRID3 NGA - Settlement Extents v3.1 dataset. 
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Name of field Description 

nhfr_facility_code Facility code from NHFR 2024.  

sett_ext_dist_m 
Distance to nearest settlement polygon in meters.5 Value of  0 means 
health facility  points fall into a settlement extent. No data means the 
health facility record does not have xy coordinates. 

dist_ward_grid3_bdry_km 

Distance, in kilometers, between each health facility point and the current 
operational ward boundary layer. A value of 0 indicates that 
ward_standard and ward_bdry are the same. A positive value indicates 
that ward_standard differs from ward_bdry, meaning the point is 
geographically located in a different operational ward than the 
standardized ward name recorded in MLOS v2.2. A null value indicates 
that ward_standard does not match any ward name in the current 
operational ward boundary layer. The ward_standard value is retained 
from MLOS v2.2 and is not modified. 

flag1 Duplicated health facility records 

flag2 Health facility point located 150 meters or more outside a settlement 
extent.6 

flag3 Health facility point located within 1 meter of another health facility  point. 

flag4 Health facility point located within 50 meters of another health facility  
point. 

flag5 Health facility point falling outside of the current operational ward 
boundary layer. 

flag6 Missing XY coordinates. 

flag_count 
Count of flags per data point. Classes include values 0 through 3 
corresponding to the number of flags assigned per record; or NA if the 
record is non-spatial. 

issues 
List of data quality issues a record has. No values means the record does 
not have any  data quality issues based on the data quality metrics. 

 
 
 
 
 

6 Idem 

5 Based on polygons from the GRID3 NGA - Settlement Extents v3.1 dataset. 
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III.​ Known Data Limitations and Disclaimer  
 
 
The spatial accuracy and overall quality of this dataset is dependent on both the quality of the input data 
used as well as on the correctness of the edits made throughout data processing. Several thousand 
points were retained that did not contain spatial information in the source data leading to a subset of 
points with null values for latitude and longitude. Temporal mismatches exist among the input data and 
other reference data (i.e. satellite imagery, settlement polygons, other health facility data used as 
reference). This may lead to health facilities not being identified or the erroneous inclusion of abandoned 
health facilities. Likewise, spelling mistakes and/or mismatches may have occurred due to colloquial 
variations on how data points are referred to across data sources. This dataset has not been fully 
validated by government officials or in-country stakeholders. 
 
CIESIN, Columbia University, and its co-authors follow procedures designed to ensure that data 
disseminated by the project are of reasonable quality. If, despite these procedures, users encounter 
apparent errors or misstatements in the data, they should contact CIESIN, info@ciesin.columbia.edu.  
 
CIESIN, Columbia University, its co-authors, and their sponsors do not guarantee the accuracy, reliability, 
or completeness of any data provided. We provide these data without warranty of any kind whatsoever, 
either expressed or implied, and shall not be liable for incidental, consequential, or special damages 
arising out of the use of any data provided. 
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