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Basemap Credit: Esri, Maxar, Earthstar Geographics, CNES/Airbus DS, and the GIS User Community

• Bhutan is a mountainous country

• Dependence on agriculture

• June – September

• 2015 – 2022

Basemap Credit: Esri, Maxar, Earthstar Geographics, CNES/Airbus DS, and 
the GIS User Community
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Fall
2021

Created a Graphical User Interface
(GUI) for crop analysis

Expanded the crop mask to all 20
districts in Bhutan

Created a sampling protocol for crop
monitoring methods

Generated crop mask for 8 districts in
Bhutan for the year 2020

Project Overview

Summer
2022



Objectives

Optimize

Enhance

Identify

Annual rice crop masks

Data sampling accuracy

Farmland area change

Image Credit: Kandukuru Nagarjun



Partners

CollaboratorsEnd User

Department of Agriculture (DoA)

National Plant 
Protection 
Centre (NPPC)

Ugyen Wangchuck Institute 
for Conservation and Environment 
Research (UWICER)

Agriculture Research 
and Development 
Centre (ARDC)

National Statistics Bureau (NSB)

Bhutan Foundation



Community Concerns

Image credit : Tenzin Lhaden

Complex geophysical location

Impact on crop yields

Difficulty in surveying and reporting

Shift towards non-agriculture 
lifestyles

Image credit: hktang

Image credit: Ninara31

Image credit: ustung



Earth Observations
Sentinel-2 MultiSpectral 

Instrument (MSI)Landsat 9 
Operational Land 
Imager-2 (OLI-2)

Landsat 8 
Operational Land 

Imager (OLI)

Sentinel-1 C-Band 
Synthetic 

Aperture Radar 
(C-SAR)

Shuttle Radar 
Topography Mission 

(SRTM)

Image credit: Kevin M. Gill, NASA, ESA, Rama



Agriculture Classification and Estimation 
Service (ACES)

Guided Bhutan Agriculture III with model 
and ACES workflow

Image credit: Mayer et al., 2023



Methodology: Input

Is this agriculture plot 
rice crop?

Yes No

• Sampling rice and non-
rice points using Collect 
Earth Engine (CEO)

• Data points 
from GeoFairy provided 
by DoA for validation.

Basemap Credit: Esri, Maxar, Earthstar Geographics, CNES/Airbus DS, 
and the GIS User Community
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Methodology: Processing
Train and test split data into Google Earth Engine

Variables

Optical Indices:
Normalized difference vegetation index (NDVI)

Soil-Adjusted Vegetation Index (SAVI)
Normalized difference moisture index (NDMI)
Normalized Difference Water Index (NDWI)

Modified Normalized Difference Water Index 
(MNDWI)

Normalized Difference Built-up Index (NDBI)
Brightness, Greenness, Wetness, Fourth, Fifth, 

and Sixth (Landsat 8 
Tasselled Cap Transformation – TCT)

Vertical Horizontal ratio 
(VH),

Vertical Vertical ratio 
(VV), normalized 

difference between VV 
and VH

Slope, Elevation



Methodology: Analysis

Input Indices

Develop crop masks for 
each month

Accumulate monthly crop 
masks in order to produce 

an annual crop mask that is 
clipped using Regional 
Land Cover Monitoring 

System (RLCMS)

Analyze the crop masks 
with Graphical User 

Interface (GUI).

Train Random 
Forest Classifiers 

(Model 555)

Compute validation and 
testing 

accuracy, precision, 
recall, F1 and kappa 

score.



Results: 2022 Rice Crop Mask
N

2022 rice crop mask

Bhutan
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Results: Dzongkhag Rice Crop Masks
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Applying Random Forest Model
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Confusion Matrix Results
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RF Model Variable Importance Graph
Random Forest Variable Importance
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Statistical Measurements for Testing Data

Statistical Method

Accuracy

Score

81.48

Kappa 55.75

Recall 87.92

Precision 85.73

F1 86.11



Graphical User Interface





Conclusions

This methodology along 
with the support from 
NASA SERVIR created 

an accurate aggregate 
crop mask for each 
individual year from 
2016 to 2022 using 

Random Forest classifier.

The team observed from 
the partner's report and 

our classification that 
there is an overall 

decrease in planted rice 
areas from 2016 to 

2022.



Error and uncertainties

Diversity in 
Satellite 
Imagery

Temporal 
Constraints

Data 
Quantity and 

Variation

Difficulty in 
Interpretation

Assumption of 
Single Rice 

Variety

Human Errors 
in Reference 

Data

Randomness 
in Model 
Training



Future Work

Include Additional crop types into the crop mask protocol

Expand Functionalities on the GUI

Image Credit: Richard Mortel

Support Agricultural decision-making 
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