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Supplementary Data
Spatial data collation and processing
[bookmark: _Hlk122014538]ArcGIS Pro version 2.7.2 (Esri, Redlands, CA, USA) and QGIS version 3.6.3 (Open Source Geospatial Foundation, Beaverton, OR, USA) were used to visualize and process spatial data. We acquired spatial environmental data from multiple sources of satellite remote sensing data as described in Supplementary Table 1. Slope layer was computed from the United States Geological Survey Earth Resources Observation and Science (USGS EROS) Shuttle Radar Topography Mission (SRTM) elevation layer and expressed in percent rise. For creation of urban extent layer, polygons were manually created to surround each coordinate point of city with ≥10000 people population according to GeoNames database (GeoNames, 2021). Cells with ≥50% built-up within the polygons were extracted and designated as urban area (with value 1) and urban extent layer was generated subsequently (Balk et al., 2018). 
Forest extent raster layer was created based on overlapping extent between JAXA ALOS-PALSAR-2 forest/non-forest extent (year 2017) layer and Copernicus Global Land Service land use tree cover fractional (>60% cover) layer (year 2019). The 60% tree cover threshold was based on International Geosphere Biosphere Programme (IGBP) land cover classification of forest (Loveland and Belward, 1997). Forest extent raster layer was further classified into dense forest and secondary forest. To create the dense forest extent, the overlapping cells between forest extent layer and tree cover (>90% cover) layer were extracted. Cropland extent from United States Geological Survey Global Food Security-Support Analysis Data (USGS GFSAD), oil palm extent, and 2010-2019 tree loss/deforested extent were masked from the resulting layer to produce the dense forest extent layer. Secondary forest extent layer was created by subtracting the forest extent layer with dense forest layer. Supplementary Table 2 depicts the further classification of forest into dense forest and secondary forest. Dense forest is described as primary/intact forest, old growth secondary forest, no human disturbance (eg. deforestation, agricultural land, etc), contiguous area of over 0.5 ha, and ≥90% tree cover (Shimada et al., 2014), whereas secondary forest is fragmented forest, young forest, tree plantation, and ≥60% tree cover.
Proximity maps were created using Proximity tool in QGIS version 3.6.3 (Open Source Geospatial Foundation, Beaverton, OR, USA). A total of seven distance maps were generated from source extent raster layers as described in Supplemental Table 3. In a processed distance map, the value of each pixel indicates the distance (in meter) calculated from the centre of each pixel to the centre of the nearest extent pixel of source raster layer. For example, the value of each pixel in the distance to forest map layer represents the distance between the centre that specific pixel to the centre of nearest pixel with forest presence (1). The coordinate reference systems of all spatial data were projected as World Geodetic System (WGS) 84 / Universal Transverse Mercator (UTM) zone 47N. All covariates were resampled to produce raster layers with 1x1 km2 resolution (Supplementary Figures 1, 2, and 3).
Supplementary Figures and Tables
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Supplementary Figure 1. Processed spatial environmental covariates for modelling procedure.
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Supplementary Figure 2. Processed spatial environmental covariates for modelling procedure.
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Supplementary Figure 3. Processed spatial environmental covariates for modelling procedure. The population density raster layer was log-transformed and rescale to value ranging >0 and ≤1. The population density raster layer was used as bias layer in Maxent modelling and for instance weight information in XGBoost modelling.
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Supplementary Figure 4. Summary of XGBoost modelling conducted to investigate the effect of different forest cover classification. Secondary forest and dense forest covariates were included into the model to replace the tree cover and forest in the final dataset. The relative importance of each covariate is indicated and ordered (most important covariate at the top) by the absolute SHAP values (A). The sina plot shows the distribution of covariate contributions to the output of the model. Warmer dot colour indicates higher value of corresponding covariate. Each dot indicates an observation of either case occurrence or background. The AUCROC of the model training was 0.930. Partial dependence plots indicated that the occurrence probability of human knowlesi malaria is higher at high secondary forest cover (>13%) (B) and at low dense forest cover (<18%) (C).






Supplemental Table 1. Spatial environmental covariate data and their sources.
	Covariates
	Spatial resolution
	Value range
	Type
	Sources

	Bare (cover fractions) (year 2019) 
	100 m
	0 to 100
	Landscape
	Copernicus Global Land Service (Buchhorn et al., 2020)

	Built-up (cover fractions) (year 2019)
	100 m
	0 to 100
	Landscape
	Copernicus Global Land Service (Buchhorn et al., 2020)

	Grass (cover fractions) (year 2019)
	100 m
	0 to 100
	Landscape
	Copernicus Global Land Service (Buchhorn et al., 2020)

	Tree (cover fractions) (year 2019)
	100 m
	0 to 100
	Landscape
	Copernicus Global Land Service (Buchhorn et al., 2020)

	Shrub (cover fractions) (year 2019)
	100 m
	0 to 40
	Landscape
	Copernicus Global Land Service (Buchhorn et al., 2020)

	Permanent water bodies (cover fractions) (year 2019)
	100 m
	0 to 100
	Landscape
	Copernicus Global Land Service (Buchhorn et al., 2020)

	Seasonal water bodies (cover fractions) (year 2019)
	100 m
	0 to 100
	Landscape
	Copernicus Global Land Service (Buchhorn et al., 2020)

	Elevation (m above mean sea level)
	30 m
	-4 to 2037
	Landscape
	[bookmark: _Hlk122015030]United States Geological Survey Earth Resources Observation and Science (USGS EROS) (Earth Resources Observation Science Center, 2017)

	Human population density (number of people per km2) (year 2011-2019)
	1 km
	0.000007 to 134.45
	Anthropogenic
	WorldPop (WorldPop and Center for International Earth Science Information Network (CIESIN) Columbia University, 2018)

	Historical annual precipitation (mm) (year 2010-2018)
	1 km
	0 to 4285.3
	Climate
	WorldClim (Fick and Hijmans, 2017)

	Historical minimum temperature (°C) (year 2010-2018) 
	1 km
	13.54 to 21.48
	Climate
	WorldClim (Fick and Hijmans, 2017)

	Historical maximum temperature (°C) (year 2010-2018) 
	1 km
	21.83 to 32.25
	Climate
	WorldClim (Fick and Hijmans, 2017)

	Historical water vapor pressure (kPa)
	1 km
	
	Climate
	WorldClim (Fick and Hijmans, 2017)

	Historical wind speed (m s-1) (year 1970-2000)
	1 km
	1.09 to 2.45
	Climate
	WorldClim (Fick and Hijmans, 2017) 

	Macaca nemestrina occurrence probability
	5 km

	0 to 1 
	Wildlife
	(Moyes et al., 2016)

	Macaca fascicularis occurrence probability
	5 km

	0 to 1 
	Wildlife
	(Moyes et al., 2016)

	Anopheles Leucosphyrus group occurrence probability
	5 km

	0 to 1 
	Wildlife
	(Moyes et al., 2016)

	Oil palm (year 2017)
	30 m
	0 (absence) and 1 (presence)
	Landscape
	(Danylo et al., 2021)

	Mangrove (year 2000)
	30 m
	0 (absence) or 1 (presence) 
	Landscape
	Socioeconomic Data and Application Centre (SEDAC) (Giri et al., 2005)

	Peat lands (polygon data)
	-
	0 (absence) or 1 (presence)*
	Landscape
	Global Forest Watch (Global Forest Watch, 2019)

	Tree loss extent (year 2010-2019)
	30 m
	0 (absence) or 1 (presence) 
	Landscape
	(Hansen et al., 2013)

	Cropland extent (year 2015)
	30 m
	0 (absence) or 1 (presence) 
	Landscape
	Geological Survey Global Food Security-Support Analysis Data (USGS GFSAD) (Thenkabail et al., 2021)

	Forest/Non-forest extent 
	25 m
	0 (absence) or 1 (presence) 
	Landscape
	JAXA’s ALOS PALSAR-2 (Earth Observation Research Center, 2020) 

	Human Footprint index (year 2009)
	1 km
	0 to 50
	Anthropogenic
	SEDAC (Venter et al., 2018)

	Distance to open-water coastline (km)
	1 km
	0 to 49
	Landscape
	WorldPop (WorldPop and Center for International Earth Science Information Network (CIESIN) Columbia University, 2018)

	City with >10000 people (coordinate point data)
	-
	
	Anthropogenic
	GeoNames (GeoNames, 2021)


*After converted from polygon vector layer into raster layer

Supplementary Table 2. Classification of forest extent into dense forest and secondary forest.
	Level 1 classification
	Level 2 classification
	Description

	Forest
	Dense forest
	Primary/intact forest, old growth secondary forest, no human disturbance (eg. deforestation, agricultural land, etc), contiguous area of over 0.5 ha, ≥90% tree cover (Shimada et al., 2014).

	
	Secondary forest
	Fragmented forest, young forest, tree plantation, ≥60% tree cover
























Supplementary Table 3. Processed proximity map
	Processed proximity map layer
	Source raster layer

	Distance to forest
	Forest extent

	Distance to dense forest
	Dense forest extent

	Distance to secondary forest
	Secondary forest extent

	Distance to cropland
	Cropland extent layer from USGS GFSAD

	Distance to water bodies
	Water bodies extent

	Distance to urban area
	Urban extent

	Distance to tree loss extent
	Tree loss extent






















[bookmark: _Hlk118459602]Supplementary Table 4. Value range of each parameter involved in hyperparameter tuning for XGBoost modelling.
	Parameters
	Value range for hyperparameter tuning
	Optimal value

	Number of decision trees (nrounds)
	50 to 5000
	150

	Maximum depth of a tree (max_depth)
	2 to 9
	3

	Subsample ratio of columns when constructing each tree (colsample_bytree)
	0.1 to 1
	0.9

	Step size shrinkage (eta) 
	0.01 to 3
	0.05

	Minimum loss reduction (gamma)
	0 to 10
	0

	Minimum sum of instance weight (hessian) needed in a child (min_child_weight)
	1 to 10
	1

	Subsample ratio of the training instances (subsample)
	0.1 to 1
	0.7














Supplementary Table 5. The quantile-based classification and scoring of covariate and risk for development of priority zone map. Values within first and second quarters were assigned with score 0. Else, score 1 was assigned to values within third quarter and score 2 was assigned to values within fourth quarter.
	Criteria
	Quarter
	Values
	Relative priority score

	Risk map
	1
	≤ 0.08
	0

	
	2
	> 0.08 and ≤ 0.19
	0

	
	3
	> 0.19 and ≤ 0.42
	1

	
	4
	> 0.42
	2

	Agricultural and forest cover 
	1
	≤ 2%
	0

	
	2
	> 2% and ≤ 55%
	0

	
	3
	> 55% and ≤ 97%
	1

	
	4
	> 97%
	2

	Anopheles Leucosphyrus group occurrence probability 
	1
	≤ 0.38
	0

	
	2
	> 0.38 and ≤ 0.49
	0

	
	3
	> 0.49 and ≤ 0.60
	1

	
	4
	> 0.60
	2

	M. fascicularis occurrence probability 
	1
	≤ 0.19
	0

	
	2
	> 0.19 and ≤ 0.43
	0

	
	3
	> 0.43 and ≤ 0.69
	1

	
	4
	> 0.69
	2

	M. nemestrina occurrence probability 
	1
	≤ 0.11
	0

	
	2
	> 0.11 and ≤ 0.29
	0

	
	3
	> 0.29 and ≤ 0.55
	1

	
	4
	> 0.55
	2
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