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Supplementary Information1. Predictor variables in the spatial Random Forest Models  

 

Table SI1. Predictor variables considered for the spatial models 

 
Variable type Spatial calculation  Source (Date dataset created) 

Land cover (raster) 

Industrial and business areas; informal residential; formal 

residential; other areas (e.g., forest, grassland, barren land, 

water) 

  

Mean area (m2) 

within buffer  

World Bank (2014)  

20m x 20m 1 

Road-network (Spatial line) 

Major roads; secondary/ tertiary roads; minor roads; all roads  

Total length 

within buffer (m); 

distance to nearest 

(m) 

OpenStreetMap (2019) 2 

Locations of places (Spatial point)  

Schools, hospitals, bus stations/ terminals, restaurants, bars and 

nightclubs, churches, mosques, shopping centres    

Presence/ absence 

within buffer;  

count within 

buffer  

GooglePlaces (2020)  

Normalized Difference Vegetation Index (raster) Average NDVI 

value within 

buffer  

United States Geological Survey 

(2020) – Landsat 8 imagery -  

30m x 30m 3 

Population density within enumeration areas (Spatial polygon)   Average 

(pop/km2) within 

buffer 

Ghana census (2010) data 4 

Buildings footprints (Spatial point)   Count within 

buffer  

Maxar/Ecopia.ai (2020)  

Waterways (Spatial line)   Total length (m) 

within buffer 

OpenStreetMap (2019) 5 

Elevation above sea level (raster)  -- U.S Geological Survey Digital 

Elevation Model (2017) (~90m) 6  

 

 

  



Supplementary Information 2: Composite Metric Formula  

Formula A illustrates the structure of the composite metric for sound types and levels that we developed for 

the Greater Accra Metropolitan Area (GAMA): let a represent coordinate locations in the GAMA, and let q 

represent the individual components of the composite metric (i.e., sound levels and types). We calculated 

separate composite sound level-type metrics for each sound type and day and night-times.  

 

𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑉𝑎𝑙𝑢𝑒𝑎 = ∏  𝑄
𝑞=1 𝑥𝑎,𝑞    𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑖𝑣𝑒 𝑠𝑜𝑢𝑛𝑑 𝑡𝑦𝑝𝑒𝑠 𝑎𝑛𝑑 𝑑𝑎𝑦 𝑎𝑛𝑑 𝑛𝑖𝑔ℎ𝑡  

Formula A. SoundType index  

 

 

  



Supplementary Information 3: Distribution of detected sound types at 129 measurement sites  

 

 

 

Figure SI1. Distributions (densities) of the percentage of time in the day and night that detected sound 

types were present (%) at each measurement site. Data represented in the figures are the raw acoustic 

classifications that were used to train the Random Forest land use regression prediction models.   

 
 

  



Supplementary Information 4. Random Forest variable importance and out of sample model 

predictive accuracy  

 

Table S2. The top three most important predictor variables within models based on reductions in 

model accuracy with random permutations.    
 Day-time  Night-time 

Road-transport sounds models NDVI; Distance to nearest major road; Length of 

secondary/ tertiary roads 

Length of Minor roads; Length of secondary/ 

tertiary roads; NDVI;  

Animal and insect sounds models  NDVI; Length of secondary/ tertiary roads; 

Population density  

Length of secondary/ tertiary roads; NDVI; 

Length of Major roads 

Music sounds models NDVI; Area of informal formal residential land 

use; Building density 

Population density; NDVI; Building density 

Speech sounds models Building density; NDVI; Area of ‘other’ land use 

(e.g., forest/ grassland) 

Population density; NDVI; Building density 

Nature sounds models  NDVI; Building density; Area of informal formal 

residential land use 

NDVI; Building density; Area of ‘other’ land use 

(e.g., forest/ grassland) 

 

 

Table SI2. Model predictive accuracy with 10-fold cross validation holding 10% of random sites.  
 10-fold cross validation with 10% random sites 

Dependant variable: % of time sound 

type is present [Range: 0-100%] 

Absolute median 

error  

Absolute mean 

error  

Mean error 

(ME) 

Correlation (r) r2  

Day-time models      

Road-transport 10.04% 13.65% 0.65% 0.69 0.48 

Animal and insect 11.13% 14.39% -0.56% 0.72 0.52 

Music 6.84% 9.26% -0.67% 0.42 0.18 

Speech 13.57% 15.65% -0.30 0.60 0.36 

Night-time models      

Road-transport 15.79% 17.91% 1.11% 0.68 0.46 

Animal and insect 16.57% 19.16% -0.59% 0.59 0.34 

Music 4.16% 6.23% -0.53% 0.38 0.14 

Speech 3.83% 6.05% 0.46% 0.53 0.28 

 

10-fold cross validation of 10% random sites: Holding out a random sample of data from 10% of measurement sites, 10-times 

(sampling without replacement), as the testing dataset, while training on the data from the other 90% of sites. Model accuracy 

results for nature sounds is in SI5. 

 

The mean error (ME), which is a measure of bias, was near zero among rotating sites, indicating no 

systematic under or over prediction on average. We did not find evidence of residual spatial autocorrelation 

in model residuals and the Moran’s I statistic of spatial autocorrelation indicated a tendency towards spatial 

randomness of the residuals (Moran’s I statistic: -0.04 to 0.07).   



Supplementary Information 5: Nature sound model predictive accuracy  

 

Table SI3. Nature sounds model out of sample predictive accuracy.  
 10-fold cross validation with 10% random sites 

% of time nature sounds 

present [Range: 0-100%] 

Absolute median 

error  

Absolute mean 

error  

Mean error 

(ME) 

Correlation 

Nature (day-time)  1.64% 2.96% -0.10% 0.18 

Nature (nigh-time) 1.83% 6.07% -0.17% 0.01 

 

 

 

  



Supplementary Information 6. Predicted presence (%) of road-transport and animal 

and insect sounds near road-networks  
 

Table SI4. The average percentage of time (%) sounds were predicted as present near major roads, 

secondary/tertiary roads, and minor roads in the Greater Accra Metropolitan Area. Data are expressed 

as medians and interquartile ranges (IQR).  
 Day-time models  Night-time models  

 Road-transport sounds 

(%) 

Animal and insect 

sounds (%) 

Road-transport 

sounds (%) 

Animal and insect 

sounds (%) 

Near major roads  80 (74, 85) 35 (23, 46) 62 (52, 71) 43 (34, 52) 

Near secondary 

and/or tertiary roads  

71 (56, 81) 41 (25, 54) 51 (39, 63) 50 (40, 76) 

Near minor roads  56 (46, 69) 55 (43, 62) 34 (27, 46) 67 (56, 74) 

Nearness to a road type was defined as the site location was within 100m buffer of the road. 

 

  



Supplementary Information 7. Distributions of nighttime predicted sound type 

prevalence (% of time present) across areas with varying predicted sound levels 

(Lnight, dBA) 

 

 
Figure SI2. Distributions of nighttime predicted sound type prevalence (% of time present) across 

areas with varying predicted sound levels (Lnight, dBA). Circular points represent the sample median, 

black horizontal lines the quartile range, and the coloured regions the density of the sample distribution.  
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