
S1 Table: Covariate names, definitions, and sources at the health facility catchment level 

explored during analysis. 

Variable name Variable definition  Native spatial 

resolution 

Source 

 Dependent variable 

Number of 

malaria cases 

per 1000 

population 

The number of malaria cases per 

1000 people aggregated per HFCA. 

NA NMEC/Zambia 

Health 

Analytics 

Platform [1] 

 Independent variables 

 Ecological factors 

Anopheles 

funestus 

density 

Estimated number of Anopheles 

funestus mosquitos in the HFCA. 

~5 km × 5 km 

(0.0417° × 

0.0417° 

Malaria Atlas 

Project (MAP) 

[2,3] 

Anopheles 

gambiae 

density 

Estimated number of Anopheles 

gambiae mosquitos in the HFCA. 

~5 km × 5 km 

(0.0417° × 

0.0417° 

MAP[2,3] 

Enhanced 

vegetation 

index 

Enhanced vegetation index for 

quantifying vegetation greenness in 

units of the spectral index 

~5 km × 5 km 

(0.0417° × 

0.0417° 

MAP [4,5] 

 Socioeconomic and demographic 

% good 

quality 

housing 

Percentage of housing units in the 

HFCA is classified as improved. 

~5 km × 5 km 

(0.0417° × 

0.0417° 

MAP [3,6] 

% with higher 

education 

Percentage of individuals in the 

HFCA with at least higher education. 

NA DHS [7] and 

MIS 2021 

[communication 

with NMEC] 

Population 

density 

Predicted population density in an 

HFCA 

~1 km × 1 km 

(0.0083° × 

0.0083°) 

Center for 

International 

Earth Science 

Information 

Network, 

Columbia 

University or 

Humanitarian 

Data Exchange 

[8] 

Average 

household 

size 

Predicted average number of 

household members in the HFCA. 

NA DHS [7]and 

MIS 2021 

[communication 

with NMEC] 

 Environmental 

Elevation HFCA elevation above sea level in 

meters 

~10 km × 10 

km (0.083° × 

0.083°) 

Multi-Error-

Removed 

Improved-

Terrain DEM 

[9] 



Total 

precipitation 

Estimated total amount of water 

measured in meters if spread evenly 

over HFCA measured in meters. 

~5.5 km × 5.5 

km (0.05° × 

0.05°) 

Climate 

Hazards Center 

InfraRed 

Precipitation 

with Station 

data (CHIRPS 

v3.0) [10,11] 

Temperature Estimated temperature in the air in 

the HFCA in degrees Celsius. 

~28 km × 28 

km (0.25° × 

0.25°) 

European 

Center for 

Medium Range 

Weather 

Forecasts 

(ECMWF), 

Climate Data 

Store [12] 

Relative 

Humidity 

Relative Humidity ~28 km × 28 

km (0.25° × 

0.25°) 

European 

Center for 

Medium Range 

Weather 

Forecasts 

(ECMWF), 

Climate Data 

Store [12] 

 Behavioural 

Bed net use Estimated percentage of individuals 

in the HFCA that use bed net. 

~5 km × 5 km 

(0.0417° × 

0.0417°) 

MAP [3,13] 

Health-

seeking 

behaviour 

Estimated percentage of children 

whose care providers sought medical 

attention from a professional health 

care provider after experiencing a 

fever. 

NA DHS [7]and 

MIS 2021 

[communication 

with NMEC] 

Antenatal care 

(ANC) 

coverage 

Estimated percentage of women aged 

15-49 with a live birth in a year that 

received antenatal care four or more 

times who live in the HFCA. 

NA NMEC/Zambia 

Health 

Analytics 

Platform [1] 

 Health system 

Bed net 

coverage 

Predicted percentage of individuals 

with access to bed nets. 

NA NMEC/Zambia 

Health 

Analytics 

Platform [1] 

Yearly IRS 

coverage 

Estimated or predicted yearly IRS 

coverage in the HFCA. 

NA NMEC/Zambia 

Health 

Analytics 

Platform [1] 

and MAP [3] 

Number of 

CHAs 

Humber of community health 

assistants in the HFCA that were 

active in a year. 

NA NMEC/Zambia 

Health 

Analytics 

Platform [1] 



IPTp Intermittent preventive treatment in 

pregnancy 

NA NMEC/Zambia 

Health 

Analytics 

Platform [1] 

 Access 

Distance to 

nearest 

neighbouring 

facility 

Distance to nearest neighbouring 

facility calculated using facility 

coordinates 

NA NMEC/Zambia 

Health 

Analytics 

Platform [1] 

Motorised 

travel time to 

health care in 

minutes 

Predicted travel time by a motorised 

form of transport to a healthcare 

facility in minutes 

~5 km × 5 km 

(0.0417° × 

0.0417°) 

MAP [3] 

Walking 

travel time to 

health care in 

minutes 

Predicted walking travel time to 

health care in minutes 

~5 km × 5 km 

(0.0417° × 

0.0417°) 

MAP [3] 

 

Variable transformation and regression procedure.  

Continuous predictors were transformed prior to model fitting to address skewness and to place 

variables on comparable scales for variable selection. Walking time to the nearest health 

facility, the percentages of malaria attributed to pregnant women and to children under five, 

bednet use rate, IRS coverage, precipitation, and the percentage of good-quality housing were 

log-transformed; U5 bednet coverage and elevation were mean-centred; the enhanced 

vegetation index was standardised (z-scored); and the percentage of pregnant women receiving 

at least three doses of IPTp was retained on its native scale.  

The outcome variable was the integer-rounded incidence per 1000 population per HFCA per 

year, modelled with a negative binomial likelihood. Several candidate specifications were fitted 

and compared, including standard and zero-inflated negative binomial models and a Poisson 

alternative, with random intercepts at the HFCA and at the province level. The final model was 

selected on the basis of the lowest Akaike information criterion (AIC) and comprised a zero-

inflated negative binomial generalised linear mixed model with HFCA as a random intercept 

and Year as a fixed-effect control. Coefficients are reported as incidence rate ratios (IRRs) on 

each predictor's original (untransformed) scale, computed as exp(β × log(1.10)) for log-

transformed predictors (i.e. per 10% increase in the original variable), exp(β) for mean-centred 

and untransformed predictors (per one-unit increase in the original variable), and exp(β) for 

standardised predictors (per one standard deviation increase in the original variable), with 

corresponding 95% confidence intervals. 
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