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1 Introduction 
 

The objective of the project is to find new potential hotspots for coffee cultivation by analysing 
and processing geospatial data from satelite imagery. The satelite data being used in this project 
is obtained from public datasets available on google earth engine. Unlike traditional route to 
use GIS and AHP and other machine learning methods on local computer, this research 
computes and processes data in earth engine using the earth engine code editor. While most of 
the other datasets are available on earth engine, in order to train the model data needs to be 
collected from coffee growing locations. This is obtained from GBIF. It can be downloaded 
using the GBIF python or R package from python or R respectively.It can be also manually 
downloaded from GBIF website (https://www.gbif.org/occurrence/search). GBIF needs a user 
to sign up before download. The species needs to be filtered by scientific name to download 
the data which is “Coffea L“ in this case. 
 

2 Set up Earth Engine and load the datasets 
 
In order to code in earth engine user needs to sign up for free. 
After the registration user can create and share scripts. 
The GBIF data containing latitude and longitude of coffee occurrence needs to be uploaded to earth engine. 
When uploading the file latitude and longitude columns and coordinate reference system needs to be 
specified. For this research the Occurrence.csv file has been uploaded to users/CoffeeDatasets folder. 
 

 
Figure 1 : Loading and Configuring occurrence dataset 

3 Load Raster Datasets on earth engine 
 
Following steps are taken to load raster datasets and clip them to area of interest that is India ,on earth engine 
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1) Load region data and Occurrence datasets into variables : 
 

 
Figure 2: Loading Occurrence Data into variables 

 
 

2) Define spatial resolution to work with and create split screen to show results. 
Initially occurrence locations are shown on maps using red dots. These steps have been caried out on section 
1.3 and 1.4 . 
 

 
Figure 3 : Defining spatial resolution to work with 
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Figure 4: Split Maps showing occurences of coffee in India 

 
 
 
The raster data for different climatic variables is captured using different datasets. 
These datasets are described below : 
 

Predictor Dataset Type/ Dataset Dataset Description 

Temperature 
ImageCollection/ 
WORLDCLIM/V1/MONTHLY 

WorldClim V1 Bioclim provides 
bioclimatic variables that are 
derived from the monthly 
temperature and rainfall in 
order to generate more 
biologically meaningful values. 
It contains 4 bands tmin for 
minimum temperature, tmax for 
maximum temperature, tavg for 
average temperature and perc 
for mean annual precipitation. 
The data is spread across 
these four bands averaged on 
a monthly basis. For 
calculation of the temperatures 
a mean of the temperature is 
taken for a filtered collection 
spanning between Jan 2018 – 
Dec-2020 

Elevation Image/ CGIAR/SRTM90_V4 

The original intention behind 
the production of the Shuttle 
Radar Topography Mission 
(SRTM) digital elevation 
collection was to deliver 
consistent and high-quality 
elevation data with a scope 
that was as close to worldwide 
as possible. This particular 
iteration of the SRTM digital 
elevation data has been 
processed to remove any gaps 
in the data as well as make its 
use more straightforward. It is 
a single band image consisting 
of elevation. 

Aspect Image/USGS/SRTMGL1_003 

The digital elevation data 
produced by the Shuttle Radar 
Topography Mission (SRTM, 
see Farr et al. 2007) is the 
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result of an international 
research effort that attempted 
to obtain digital elevation 
models on a scale that was 
close to global. With a 
resolution of 1 arc-second, this 
SRTM V3 product, also known 
as SRTM Plus, is made 
available by NASA JPL. Aspect 
is calculated using feature 
engineering on elevation data 
by applying terrain functions on 
elevation data and singling out 
aspect band. 

Slope Image/USGS/SRTMGL1_003 

Slope is calculated from 
elevation data using feature 
engineering on elevation data. 

  
Terrain function is applied and 
slope band is selected . 

pH_Scale 

Image/ 
OpenLandMap/SOL/SOL_PH-
H2O_USDA-4C1A2A_M/v02 

pH of the soil measured in 
H2O at six different depths (0, 
10, 30, 60, 100, and 200 cm) 
with a resolution of 250 meters. 

Soil Organic Content 

Image/ 
OpenLandMap/SOL/SOL_OR
GANIC-CARBON_USDA-
6A1C_M/v02 

The amount of organic carbon 
in the soil, expressed as x 5 
g/kg, was measured at six 
different depths (0, 10, 30, 60, 
100, and 200 cm) with a 
resolution of 250 m. a 
conclusion reached after 
compiling soil data from around 
the world. 

Rainfall 
ImageCollection/WORLDCLIM/
V1/BIO 

The WorldClim Version 1 
Bioclim offers bioclimatic 
variables that are obtained 
from the monthly temperature 
and rainfall in order to provide 
more biologically meaningful 
data.It contains of data in 
various bands. Rainfall data 
used in this implementation is 
contained in band bio12 i.e 
Mean Annual Rainfall and 
bio13 being used to find rainfall 
during rainy season. 

Hillshade MODIS/006/MOD44B 

The Terra MODIS Vegetation 
Continuous Fields (VCF) 
product is a representation of 
surface vegetation cover 
estimations on a global scale 
that is done at the sub-pixel 
level. Developed to continually 
portray the terrestrial surface of 
the Earth as a fraction of 
fundamental vegetation 
characteristics. Hillshade is 
present as a band in the image 
collection. 

Percent Tree Cover MODIS/006/MOD44B 
Percent Tree cover is 
calculated by selecting percent 
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tree cover band in the above 
image collection. For this the 
collection is filtered by taking 
mean for a time period of Jan - 
2018 to Dec to 2020. 

Table 1 – Raster Predictors and their descriptions 
 
 
All these data sets are loaded in earth engine as shown below, the feature engineered predictors are also 
depicted in following figure 5. These steps have been caried out in section 2.3 to 2.5 
 

 
    Figure 5a – Loading predictor datasets 
 
 

 
Figure 5b – Predictor - Elevation    Figure 5c – Predictor - Slope 
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Figure 5d – Predictor – Aspect    Figure 5e – Predictor – pH of soil 
 
 

 
5f – Predictor - Annual Temperature Range  5g – Predictor – Mean Annual Rainfall 
 
 
 
 
 
 
 
 
 
 

4 Data Pre Processing 
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In this research we are working with multiband geospatial data. In such raster images each band comprises of 
data for one predictor variables. Here in order to combine all the predictor values into a single file we add all 
the raster layers together using addBands function as shown in figure 6. It is calculated in section 2.6 . 
 

 
Figure 6 : Loading predictors into a single multiband image 

 
After adding all the predictors correlation is determined between predictors and correlated variables are then 
removed from final raster. Snippets of correlation matrix and the code are shown in figure 7, figure 8 and 
figure 9. It is calculated in section 2.7. 
 

 
Figure 7 – Calculating the correlation matrix 

 
Figure 8 – Correlation matrix collapsed view 
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Figure 9 – Correlation matrix Expanded view 
 

In order to produce pseudo-absences for the purpose of this research, a method of environmental 
profiling that involving two stages was utilized. A k-means clustering based on Euclidean distance for a subset 
of 1,000 randomly chosen occurrences in order to restrict the area for the creation of pseudo-absences to 
pixels that were more dissimilar to the environmental profile of the occurrence data, were done . This allowed 
to create a more accurate picture of the distribution of the data. This was followed by creation of a  grid over 
area of interest . Figure 10 and 11 shows its implementation. 
 

 
Figure 10 – Defining blocks for cross validation 
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                         Figure 11 – Creating Grid over AOI 

 
 
 
 
 
 
 
 

5 Fit the Models and Evaluate the results 
 
This research utilises Random Forest, Gradient Boosting and Classification and Regeression 
trees. All these have been implemented in section 3.1, 3.2 and 3.3 the figures 12, 13a , 13b and 
14  show fitting and evaluation for random forest : 
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Figure 12 – Implementing Random forest species development model 
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Figure 13 a - Visualizing Random Forest results 

 
Figure 13 b- Visualizing potential hotspots predicted by ranmdom forest 
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Figure 14 -  Validating Random Forest Results 
 

The implementation of Gradient boosting is done in section 3.2 of the project. It consits of 
various steps. The figures 15, 16a, 16b and 17 walk through implementation and validation of 
Gradient Boosting algorithm. 
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Figure 15 – Implementation of Gradient boost species distribution model 
 

 
Figure 16a – Visualizing Gradient Boosting Results 
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Figure 16-b Visualizing hotspots detected by Gradient Boosting Trees 
 

 
Figure 17 – Evaluating Gradient Boosting Results 
 

 
 
The implementation of Classification and regression trees is done in section 3.3 of the project. It consists of 
various steps. The figures 18, 19a, 19b and 20 walk through implementation and validation of Gradient 
Boosting algorithm. 
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Figure 18 – Implementation of species distribution model using cart 
 
 

 
Figure 19 a – Visualizations generated using CART 
 

 
Figure 19b – Potential hotspots detected by CART in Nagaland and Manipur 
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6 Export Results to Drive 
 
The metrics and evaluation results as well as the generated maps can be exported to google 
drive as a raster or vector data. Google earth engine allows export to csv as well as TIFF and 
shapefiles for visualization and further analysis of the file in a GIS environment. The file can 
be exported to other cloud accounts as well for large images. It also offers exporting data to 
google one account. For this research we export the data to google drive using the free 
tier,which allows a combined space of 15 gb. The export code has snippet can be seen in figure 
20. 
 

 
Figure 20 – Export to drive 

 
 
 
 
 
 


