
WORKING PAPER

Operational in-season rice area 
estimation through Earth observation 
data in Nepal 

CONTRIBUTORS 
Faisal M. Qamer1, Sravan Shrestha1, Kiran Shakya1, Birendra Bajracharya1; Shib Nandan Shah2, Ram Krishna Regmi2, 
Salik Paudel2, Pragya Shrestha2, Santosh Paudel2, Padma Pokhrel2; Liping Di3, Zhiqi Yu3, Sreten Cvetojevic3, Liying Guo3; 
Timothy J. Mayer4, Meryl Kruskopf4, Aparna Phalke4

CORRESPONDING AUTHOR 
Sravan Shrestha (sravan.shrestha@icimod.org) 
Faisal M. Qamer (faisal.qamer@icimod.org)

Executive summary
With increasing climate risks in the Hindu Kush 
Himalayan (HKH) region, national agencies 
responsible for food security planning face numerous 
challenges related to decision making every growing 
season. Robust data support is therefore necessary to 
assist optimal resource planning. In Nepal, national 
agencies that report crop statistics and food security 
assessments use conventional land-based surveys, 
statistical sampling techniques, and baseline data from 
three decades ago. The leadership at the Ministry of 
Agriculture and Livestock Development (MoALD) is 
keen on adopting new data science technologies to 
generate information more efficiently and enhance 
data quality for evidence-based decision making. 

In an effort to adopt emerging technologies in food 
security assessment through a codevelopment 
approach, MoALD’s Statistics Section and the 
International Centre for Integrated Mountain 
Development’s SERVIR-HKH Initiative undertook 
a pilot study in Chitwan District in 2019 to jointly 
develop methods for satellite remote sensing and 
machine learning-based in-season crop assessment. 

Freely accessible Sentinel-1 and Sentinal-2 satellite 
data of 10-metre spatial resolution were utilised to 
produce high-resolution crop maps of 0.1-hectare 
minimum mapping unit. MoALD experts and relevant 
stakeholders thoroughly reviewed the approach, before 
the honourable minister approved it for formal use in 
the national-level assessment for 2020 and onwards. 

For wider adoption of the advanced data science 
methods established in the pilot study, necessary 
technology customisation was accomplished by 
developing a digital suite of software, including 
GeoFairy (a mobile app to facilitate field data collection 
by field extension professionals at the district level) 
and RiceMapEngine (a simplified platform for machine 
learning-based crop classification to facilitate crop area 
map production by MoALD’s GIS Section). 

As part of the operationalisation of newly developed 
tools at MoALD, the leadership revitalised the GIS 
Unit with adequate staff. The ministry initiated 
institutional capacity assessments to identify gaps and 
opportunities in adopting the satellite remote sensing 
and data science-based approaches. Due to COVID-19 
mobility restrictions, major adjustments were made 
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in the joint workplan. Taking advantage of virtual 
platforms, MoALD’s central and local institutional 
structures engaged in virtual trainings on the use 
of remote sensing for agriculture monitoring and 
field data collection. Activity plans for the in-season 
crop assessment of 2020 were designed to adapt to 
COVID-19 safety protocols. Around 130 field staff of 
MoALD in 21 Terai districts remained engaged in the 
joint assessment and learning process during April–
November 2020 to produce a remote sensing-based rice 
crop area estimation. 

The satellite remote sensing-based crop area maps 
provided critical information on finalising 2020 
rice crop production estimates when conventional 
assessment was constrained due to COVID-19 
restrictions. The new approach is also contributing 
to reducing information gaps among federal and 
subnational institutions. Earlier, reporting was 
limited to the district level. In contrast, the current-
year crop area statistics are reported at the palika 
level, which makes this information useable for 
provinces in the context of the newly established local 
government structure in Nepal. MoALD’s Planning and 
Development Department utilised palika-level crop 
maps for crop procurement planning support during 
the COVID-19 pandemic.

Abbreviations and acronyms

The Earth observation data-supported in-season 
rice crop mapping has been part of MoALD’s official 
annual workplan. In 2021, the joint in-season rice 
assessment was continued and made more efficient 
based on lessons from the 2020 assessment. Untimely 
extreme rainfall and accompanying floods during 18–20 
October 2021 caused massive damage to the ready-to-
harvest crops across all major rice-producing areas of 
Nepal. During this emergency, the existing digital crop 
mapping and monitoring platform was used to produce 
a rapid damage assessment, which helped identify the 
worst-hit areas and provided a basis for initial decisions 
related to loss and damage.

In the current federal governance structure of Nepal, 
high-quality crop maps and yield estimates will not 
only bridge information needs among the federal and 
subnational institutions but also provide a means for 
consistent cross-country crop status assessments and 
communication. While relatively new, this technology 
is already supporting agricultural management 
from the national level to the community level. This 
collaborative work has significantly contributed to 
MoALD’s efforts to adopt new data-driven technologies.

DT Decision tree

EO Earth observation

ET Empirical thresholding

GEE Google Earth Engine

HKH Hindu Kush Himalaya

ICIMOD International Centre for  
Integrated Mountain Development

IRRI International Rice Research Institute

JT Junior technicians

JTA Junior technical assistants

MoALD Ministry of Agriculture and  
Livestock Development

NeKSAP Nepal Food Security Monitoring System

PE Phenology explorer

RF Random forest

SAR Synthetic aperture radar

SC Supervised classification

WFP World Food Programme
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SECTION I

Agriculture statistics for  
food security monitoring in Nepal

A robust statistical infrastructure is critical for 
producing consistent and reliable data through the 
national statistical system. The Central Bureau of 
Statistics and MoALD are the two major agencies 
responsible for generating agriculture statistics in 
Nepal. MoALD is responsible for generating current 
agriculture statistics, whereas the Central Bureau 
of Statistics is undertaking the decennial Census of 
Agriculture and other periodic agriculture surveys. 
MoALD has an Agri-business Promotion and 
Agriculture Statistics Division that regularly publishes 
comprehensive statistical information on agriculture 
as well as related variables in its publication ‘Statistical 
Information on Nepalese Agriculture’. The reports 
published are advanced assessments of district-level 
statistics on cash crops, cereal crops, pulses, fishery, 
livestock, poultry, and horticulture. These statistics are 
based on the field assessment of extension workers. 
Junior technicians (JTs) and junior technical assistants 
(JTAs) prepare the assessment of the area under 
crop (harvested area, planted) for the palika they are 
assigned to, based on interviews with farmer groups. 
JTs and JTAs make estimates of changes in crop area in 
comparison to previous years. 

The Fishery Development Division of the Department 
of Agriculture produces data on fish production, 
number of ponds, and total water surface area. The 
Horticulture Development Division is responsible 
for conducting special surveys on selected fruits 
like orange, mango, apple, and grape on an ad hoc 
basis. The Vegetables Development Division of the 
Department of Agriculture is responsible for the 
compilation of reports on the production of selected 
vegetables. The District Livestock Service Officers, with 

support from the JTs and JTAs in their corresponding 
service centres, produce data on livestock products 
production and population. The District Livestock 
Service Officers review the consistency and aggregate 
data before sending them to MoALD’s Agri-business 
Promotion and Agriculture Statistics Division, which 
conducts necessary validation using ancillary data. 
The data are then presented to MoALD’s technical 
committee for final approval and larger dissemination. 

The Agri-Business Promotion and Statistics Division 
produces initial estimates of area, production, and yield 
of all the abovementioned products. These reports also 
include reasons for deviation in production. Special 
reports are produced in case of major disasters, which 
usually concerns flooding during the monsoon. Based 
on these reports on potential damage, recovery and 
response programmes are designed to compensate 
farmers.
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Monitoring and estimating crop acreage at a national 
scale is required to determine the national or regional 
food demand and supply balance, as well as to gauge 
social security. Whether during times of world food 
shortages or during periods of surplus, monitoring 
and estimating crop acreage requires long-term 
efforts. Similarly, doubling productivity and incomes 
of smallholders is a key target within the Sustainable 
Development Goals. Accurate measures of production 
and productivity demonstrate the role of agriculture 
in household and individual welfare and improve 
understanding about production factors that are most 
crucial for productivity. 

In Nepal, over the past decade, the Nepal Food 
Security Monitoring System (NeKSAP) initiative has 
enabled government policymakers at the central level 
to understand and act on food security trends down 
to the district and village development committee 
level. NeKSAP’s information products continue 
to support food security and resilience-building 
interventions by both the Government of Nepal and 
international humanitarian and development actors. 
The International Centre for Integrated Mountain 
Development (ICIMOD) has been providing remote 
sensing-based assessments to aid NeKSAP’s processes. 
Along with regular assessments, the use of remote 
sensing data has received substantial recognition 
during emergency situations. During the drought 
in Nepal’s Karnali region in 2016 and the large-scale 
flooding in the Terai in 2017, NeKSAP provided timely, 
critical assessments which were widely used by 
both international and domestic actors to formulate 
responses. NeKSAP has also been used in this regard 

as an important fundraising mechanism, allowing 
international organisations and agencies to provide 
estimates of the extent of a shock and to access funding 
for emergency response. 

In September 2015, Nepal’s elected parliamentary body 
passed the Constitution of Nepal 2072, which includes 
a key objective of transforming Nepal into a federal, 
democratic, republican country over a two-year period 
and creating three levels of government: the federation 
(represented by the federal government), the province 
(represented by seven provincial governments), and 
the local level (represented by 753 municipalities). 
Local and provincial governments, set up in 2017, are 
currently in operation, though in many cases with 
large gaps in operating capacity. The role of provincial 
government ministries in supporting and coordinating 
agriculture planning is still being worked out. Similarly, 
specifics on how local governments will collect, 
manage, report on, and plan using food security and 
nutrition information remains largely unspecified.

National agencies involved in reporting crop statistics 
and yield assessments are currently utilising baseline 
data established long ago using conventional land-
based surveys and conventional statistical sampling 
techniques. With recent advancements in Earth 
observation (EO) technologies and easy access 
to computational platforms, agriculture sector 
professionals and researchers realise that remote 
sensing-based assessments can substantially improve 
the accuracy of baseline inventory as well as enhance 
the efficiency of regular in-season assessment 
processes, particularly for major staple crops. 

SECTION II

Strengthening crop area estimation process 
using Earth observation data
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SERVIR-HKH’S TECHNICAL FRAMEWORK OF CROP MAPPING AND YIELD ASSESSMENTFIGURE 1

Revisiting baseline statistics can be contentious due 
to sociopolitical concerns under the conventional 
circumstances. Fortunately, the ongoing restructuring 
of political and institutional setup represented by seven 
provincial governments provide a unique opportunity 
to realign baseline statistics based on emerging remote 
sensing technology and robust statistical methods. 

ICIMOD’s SERVIR Hindu Kush Himalaya (SERVIR-
HKH) Initiative is collaborating with MoALD to enhance 
institutional capacities on the use of EO technologies 
in the food security assessment and planning process. 
The technical implementation framework (Figure 1) 
adopted by SERVIR-HKH caters to two levels of 
decisions – related to near-term food balance sheet and 
long-term strategies for sustainability. The operational 
monitoring component provides cost-effective, time-

efficient, and reliable assessments to support near-term 
food security-related planning and decision making. 
The second component will provide a scientific 
knowledge base on agricultural land use practices and 
associated socioenvironmental systems at the national 
and subnational levels to formulate evidence-based and 
science-guided agricultural land use policies.

The initiative has embarked on developing locally 
suitable tools and methods from the ground-up 
through a codevelopment process across institutions, 
communities, and individual. As part of the 
customisation of global technology, the crop mapping 
and monitoring platform is being aligned with 
institutional functions and practices in Bangladesh, 
Nepal, and Pakistan.

SHORT-TO-MEDIUM-TERM PLANNING  
AND DECISION MAKING

OPERATIONAL AGRICULTURE MONITORNING
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PLANTING CYCLES OF FOUR MAJOR CROPS IN CHITWAN DISTRICT, NEPAL TABLE  1

For NeKSAP, a joint programme of the World Food 
Programme Nepal (WFP) and MoALD, the SERVIR-
HKH Initiative provided crop growth and drought 
development conditions based on the coarser 
resolution MODIS satellite data. This supported 
seasonal food security briefs for Nepal. Building on this 
collaboration and new developments in satellite remote 
sensing, a pilot study was initiated in 2019 in Chitwan 
District on the use of freely available high-resolution 
Sentinel satellite data for in-season rice area estimation. 
With the availability of free high-resolution images 
acquired by Sentinel-2 and Sentinel-1 remote-sensing 
satellites, it becomes possible to analyse croplands 
every six days. This allows the development of next-
generation agriculture products at higher spatial 
resolution (10 m). In addition, the Google Earth Engine 
(GEE) cloud computing platform made it possible to 
execute complex workflows of satellite data processing 
through Python/JavaScript programming language. 

A joint team of MoALD’s Statistics Section and ICIMOD’s 
SERVIR-HKH Initiative was constituted to conduct 
the pilot work during the 2019 rice crop season. 
Additionally, district-level extension professionals were 
engaged for field data collection in Chitwan.

3.1 Study area and field data collection
Chitwan District (244–1,945 masl) is located in the 
south-western part of Bagmati Province in Nepal. It 
covers 2,218 sq. km across the Siwalik, mid hills, and 
Terai regions. Around 60% of the total land area is 
occupied by forests, and 35% is used for agriculture 
(major crops: rice, wheat, maize, and mustard). Table 1 
presents the seasonal crop cycles of the four major 
crops from the early stage of planting to the stage of 
harvesting.

An open-access mobile app was used for field-based 
training sample collection. About 300 data points were 

SECTION III

Pilot study for setting-up methods for  
in-season rice crop area estimation

Crop type Type Sowing Harvesting Remarks 

Maize Main season May/June September/October 90-day crop cycle

Winter season October/November March/April –

Spring season February/March May/June –

Wheat November/December April/May 120-day crop cycle 

Rice Spring rice March June/July –

Main season July/August November –

Mustard Brassica compestris (tori) October/November March/February 90-day crop cycle

Bassica juncea (rayo) November March/April 120-day crop cycle 

Bassica compestris ( Yellow sarson) October March –
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collected from the municipalities/palikas of Chitwan 
(Figure 2). These field points were collected over four 
days of extensive field work. Since the agriculture area 
mask was already prepared based on Nepal land cover 
maps (Uddin et al., 2015; Uddin, 2022), the field points 
were largely collected within the agriculture area mask 
of Chitwan.

3.2  Crop classification method
The image classification was performed in the GEE 
cloud computing platform (Figure 3), where three 
major steps were preformed: 

1) Satellite image preprocessing, Sentinel-1 data – 
selecting suitable imageries: In this study,  
Sentinel-1A in interferometric wide-swath mode  
VH polarised images in ground range detected 
format were used. The time series of Sentinel-
1A images in VH polarisation from June to 
November (main rice-growing season) were 
directly fetched from GEE image collection to the 
processing platform. This image collection includes 
Sentinel-1 ground range detected scenes which 
were preprocessed from single look complex 
data to generate a calibrated and ortho-corrected 
product. The image collection in GEE includes the 
information regarding acquisition mode, resolution, 
polarisation, and metadata. Selection of suitable 
information was carried out by using metadata and 

filtering, which was followed by spatial subsets 
using the district boundary. Multitemporal filtering 
was based on the assumption that in all images of 
time series, the radar beam illuminated the same 
resolution element on the ground and corresponded 
to the same slant range coordinates (Nelson et al., 
2014). And to reduce the speckle effect, a median 
filter with window size 3 × 3 kernel was used in the 
GEE platform. Subsequently, the speckle-filtered 
images of main rice-growing season were stacked 
into a set of VH polarisation.

2) Extraction of backscatter coefficient and temporal 
analysis: The backscatter coefficient from each 
plot of rice and other classes was extracted using 
pregenerated Google feature collection in GEE. The 
extracted dB in VH polarisation were analysed with 
respect to the rice growth stages. Based on this, 
temporal profile of the rice was obtained.

3)  Masking and classification, map generation: Land 
cover maps (Uddin et al., 2015; Uddin, 2022) of the 
Terai region were used to identify the agricultural 
land mask of the region. This agricultural land 
mask is used in GEE to focus the area of interest and 
avoid misclassification caused by other non-crop 
land features such as natural vegetation (forests), 
water bodies, and builtup areas, where the temporal 
dynamics might be similar to that of rice during 
different rice-growing phases. For classification, 

MOALD–ICIMOD JOINT FIELD DATA COLLECTION TEAM IN CHITWAN DISTRICT, NEPAL FIGURE 2

Rice (152)

Other crops (53)

Fruits and vegetables (35)

Shrubs and grasses (70)

10 5 0 10 km
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we used two different techniques to distinguish 
rice area from other vegetation: 1) decision tree 
(DT) rules and 2) random forest (RF) classification 
technique.

ACCURACY ASSESSMENT

An accuracy assessment is a process that relates 
to the evaluation of an image or a standard for the 
classification of remote-sensing data. In this study, 
validation of the rice maps produced by both the 
methods includes two layers: 1) based on validation 
data and error matrix and Cohen’s kappa coefficient 
and 2) validation using ground truth samples sources 
including field survey data, field photographs, and 
visual interpretation with very high-resolution 
images. The classified rice maps from these two 
methods are overlaid to identify the common rice 
area and its coverage throughout the districts. This 
approach is useful for identifying overestimation and 
underestimation of the rice area. This overlaid map of 

rice was again checked with the ground truth data and 
photographs collected in the field. Visual interpretation 
of the rice fields was carried out using the high-
resolution Google Earth images and Sentinel-2 optical 
images to verify the major rice-growing area of the 
districts.

3.3  Crop classification results
DECISION TREE RULE-BASED IMAGE CLASSIFICATION 

In the Terai region of Nepal, land for rice cultivation 
is prepared during early June and transplanted during 
late June, July, and early August. Since rice is the 
only cereal crop which is submerged in water during 
transplanting phase, this time frame plays a vital role in 
distinguishing rice with other crops. 

The bimonthly median composite of Sentinel-1 images 
from July 2019 to November 2019 were utilised to 
study the backscatter response of rice at different 
times. The backscatter value of rice is lowest during 

FLOW DIAGRAM OF RICE CROP CLASSIFICATION METHODFIGURE 3
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TEMPORAL BEHAVIOUR OF THE BACKSCATTER COEFFICIENT (DB) IN VH POLARISATION FOR RICE, GRASS AND SHRUBS, FRUITS, 
VEGETABLES, AND OTHER CROPSFIGURE 4

the transplanting phase, and the temporal profile 
progressively intensifies during the panicle formation 
and growing period. The backscatter value attains its 
peak during maturity. The backscatter coefficient starts 
dipping after the maturity stage and reached low after 
the harvest as shown in the Figure 4. The temporal 
pattern of the backscatter coefficient in VH polarisation 
shows the behaviour against rice growth advancement 
and their spatial variability. The backscatter coefficient 
value of rice during transplanting phase is significantly 
lower than that in other classes. The lower dB can be 
due to unique characteristic of rice, i.e. the presence of 
the water during the transplanting phase.

Sentinel-1 remote-sensing images are captured utilising 
a synthetic aperture radar (SAR) approach. These SAR 
images were used to identify transplanting phase of rice 
phenology. They have all-weather availability and good 
temporal resolution (ESA, 2013). The Sentinel-1 SAR 
images available during late June, July, and early August 
were analysed and the backscatter values were obtained 
during that timeframe (Figure 5). While visualising 
the Sentinel-1 images during transplanting time, the 
darker part of the image inside the agricultural land 
was assumed to be the transplanted rice. It was found 
that during transplanting phase, the rice fields showed 
the lowest backscatter value and darker image because 
water surface during that period in the field acted like 
a mirror for the incident radar pulse and most of the 

incident radar energy reflected away according to the 
law of specular reflection (Bakx et al., 2013).

For example, in Chitwan, two different dates of 
transplanting were observed during the end of the July 
and beginning of August. The backscatter coefficient 
of rice was significantly lower during transplanting 
phase than for other vegetative non-rice and grasses 
because of backscatter coefficient from standing water 
during transplanting phase. The bimonthly temporal 
median composite images during the second half of 
July 2019 and beginning of August 2019 were utilised 
to study the response of backscatter characteristic of 
rice and to create the threshold values. Based on these 
threshold values, the following rulesets were developed 
in decision rules. DT rules combining two rules of 
transplanting phase (based on the temporal profile of 
rice and its variability):

During both end of July and beginning of August:  
−17.2 > dB > −21.5

This decision rules were applied in the preprocessed 
and filtered Sentinel-1 images to get the rice area map 
of Chitwan. Using this method, it was found that the 
in-season rice area of the Chitwan was 24,838 ha. To 
evaluate the performance of this classified in-season 
rice map, the overall accuracy and kappa coefficient 
were calculated as 87.2% and 0.78, respectively. 

Other crops Rice Barren landFruits and vegetables Shrubs and grasses
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BACKSCATTER VALUE OF RICE, FRUITS AND VEGETABLES, GRASS AND SHRUBS, AND OTHER CROPS AT DIFFERENT TIMES. THE DOTS 
REPRESENT THE OUTLIERS IN EACH EVENT OR STAGES, AND THE LINES IN THE BOX ARE THE MEDIAN. THE UPPER HALF OF THE BOX 
IS THE 25TH PERCENTILE, THE LOWER HALF IS THE 75TH PERCENTILE, AND THE EXTENDED LINES REPRESENT THE MINIMUM AND 
MAXIMUM.

FIGURE 5

RANDOM FOREST MACHINE LEARNING ALGORITHM-BASED 
CLASSIFICATION

A pixel-based supervised RF machine-learning 
algorithm was used for classification using bimonthly 
median composite Sentinel-1 images from crop sown 
to harvest period in the GEE platform. RF classification 
technique is a machine-learning algorithm which 
starts by building out trees similar to the way a normal 
DT algorithm works. Each tree is created using a 
subset of training data through replacement and 
the nodes are split using the best split variable from 
randomly selected variables. Usually, about two-thirds 
of the samples are used for the training while the 
remaining are used for cross validation to estimate the 
performance of the RF algorithm. Every time a split 
has to be made, the RF machine-learning algorithm 
uses only a small random subset of features to make 
the split instead of the full set of features (usually (sqrt 
[]{p}), where p is the number of predictors). It builds 
multiple trees using the same process and then takes 
the average of all the trees to arrive at the final model 
(Belgiu & Drăguţ, 2016). This works by reducing the 
amount of correlation between trees, thus helping 
reduce the variance of the final tree. For the number of 
trees, there is no well-defined rules. It can be as large 

as possible but after certain point, additional trees will 
not help in improving the performance of the classifier 
(Breiman, 2001). In this study, we set a tree value of 200, 
which is acceptable for remote-sensing data and was 
completely based on a trial-and-error method. Based 
on this method, the rice area of Chitwan was estimated 
to be 26,453 ha and the performance of the classified 
rice map using RF classification was evaluated using 
the overall accuracy and kappa coefficient. It was 
found that the overall accuracy is 90.1% and the kappa 
coefficient is 0.89. An intersection of the results from 
the two methods was evaluated (shown in Figure 6) as 
the final assessment of the summer rice crop area of 
Chitwan during 2019.

Combining these two methods, it was found that the 
total in-season rice area in Chitwan was 23,654 ha 
which is verified by both the methods, as shown in 
Figure 6. To evaluate the performance of this classified 
in-season rice map using the combination of RF and 
DT, the overall accuracy and kappa coefficient were 
calculated. It was found that the overall accuracy of this 
in-season rice map is 89.5% and the kappa coefficient 
is 0.79. 

VH backscatter signature
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3.4  Pilot study results review and 
recommendations 

On completion of the pilot study, the methodology and 
results were with shared experts from MoALD, WFP, 
and International Rice Research Institute (IRRI) on 20 
December 2019. The group expressed their satisfaction 
with the approach and found it suitable for large-area 
rice crop mapping and area estimation. The group 
agreed that remote sensing uses satellites to collect 
data over large spatial areas and is thus an excellent 
tool for agricultural monitoring. It can substantially 
improve the accuracy of baseline data and make yield 
assessments more efficient, particularly for major 
crops like rice, wheat, and maize. The group prepared 
the brief recommendation for formal approval from 
MoALD’s senior management. 

The group comprising WFP, MoALD, and IRRI experts 
provided the following key recommendations: 

 • The methods developed under the pilot study are 
highly suitable and resource efficient for in-season 
rice area estimation in the Terai region of Nepal.

 • Well-structured capacity-building efforts are needed 
in MoALD and wider orientation workshop for field 
staff are required at the district level.

 • The software tools require customisation to make 
them user friendly for MoALD professionals 
in the field and at the MoALD headquarters in 
Kathmandu.

 • MoALD must assign a dedicated team at its 
headquarters to operationalise the system at the 
ministry.

The study results and recommendations were 
presented to the Honourable Ghanashyam Bhusal, 
Minister of Agriculture and Livestock Development, 
Nepal, on 14 January 2020. The minister expressed his 
satisfaction on the approach and recommended its 
application for larger rice crop areas in Nepal. He also 
stressed on the need to build institutional capacity to 
adopt new technologies that support evidence-based 
decision making.

RICE CROP AREA MAP OF CHITWAN FOR 2019 BASED ON THE PILOT STUDY METHODSFIGURE 6
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Rice plays a crucial role in national food and nutritional 
security. As the most important staple food of Nepal, 
rice provides 40% of the calorific intake nationally 
and contributes approximately 20% to the agricultural 
gross domestic product. In Nepal, rice is grown in three 
agro-ecological regions (Terai low lands, mid hills, and 
mountain areas). The Terai region accounts for about 
74% of the country’s rice production, while the mid hills 
produce 22% and the mountains approximately 4%. 
Considering the efficiency of remote sensing-based 
methods in large contiguous crop fields, the methods 
developed in pilot will be applied to the entire Terai 
region, constituting 21 districts.

For wider adoption of advanced data science methods 
established in the pilot study, necessary technology 
customisation was accomplished by developing a digital 
suite of software tools, including GeoFairy (a mobile 
app to facilitate field data collection by field extension 
professionals at the district level) and RiceMapEngine 
(a simplified platform for machine learning-based crop 
classification to facilitate crop area maps production by 
the GIS Section of MoALD). 

4.1 GeoFairy 
The rapid spread of mobile technology and devices 
in the last two decades has enabled different types 
of organisations to deploy mobile data collection for 
important field activities. These applications include 
mobile devices with inbuilt GPS, internet, browsers, and 
mobile workforce management systems. Though much 
of the underlying technologies are already available, 
there are challenges in improving the usability of 

mobile applications according to the application 
sector and institutional policies on data access and 
dissemination.

The GeoFairy app is designed to cater the needs of 
field data collection on in-season crop conditions 
by field extension staff at the district and subdistrict 
levels. The app can disseminate location-linked 
information from distributed data centres in a real-
time and one-stop manner, and effectively address 
the heterogeneity challenges in both datasets and 
mobile devices. The app can help field workers, such as 
extension staff, lead farmers, and crop/soil surveyors, 
to acquire a comprehensive location-specific report 
and retrieve information from various providers. In the 
mobile app design, a robust server-side application is 
developed to provide app users easy-to-use need-based 
questionnaires and allow management of collected 
data. The client-side mobile app interface is simple and 
easy to use (Figure 7). 

Digital tools can substantially support the tedious 
tasks of field data collection as well as help with data 
management for the interpretation of satellite images. 
GeoFairy is a location-based smartphone app for 
one-stop retrieval of geospatial information on mobile 
platforms. It integrates a number of state-of-the-art 
techniques with geospatial data resources to provide a 
robust and highly available location-based service on 
the existing public datasets. The mobile app is designed 
deliver geospatial information of users’ real-time 
locations. The app was customised according to the 
needs of ground truth collection and verification for 
crop type mapping and user experience of field-based 
extension professionals in Nepal.

SECTION IV

Development of digital suite for large-area in-
season crop mapping and mainstreaming of 

technology at MoALD 
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The field data collected through the GeoFairy app 
are then utilised for training and validation of the 
crop classification model. These datasets are broadly 
categorised as qualitative (based on social surveys 
and field forms) and quantitative data (based on GPS 
location and the geo-tagged photographs of crops). 
The questionnaire included information on the crop 
cycle, crop rotation, crop conditions, and irrigation 
practices. This information is utilised in developing crop 
calendars or for refining the existing crop calendars, 
and for deciding the period of the satellite images which 
should be used for the crop assessment.

In quantitative data collection, the GPS locations 
or multidirectional photographs of the crops are 
captured, which are then utilised in understanding 
the crop dynamics and in training and validating the 
classification model for crop mapping. Depending 
on the type of the data, these datasets are collected 
using different data collection platforms described in 
Figure 8, such as mobile apps, handheld GPS, GPS-
enabled camera, high-resolution satellite images, and 
existing land cover maps.

4.2  RiceMapEngine 
Traditionally, remote-sensing data processing requires 
nontrivial work because of the sheer volume of data 

that need to be downloaded and processed at local 
workstation. However, with the advent of GEE (Gorelick 
et al., 2017) and recent developments from Microsoft, 
the Planetary Computer has made remote-sensing data 
processing much easier through an underlying cloud 
computing infrastructure. GEE provides researchers 
with application programming interfaces (APIs) to 
process and visualise remote-sensing datasets by 
writing JavaScript code in the online code editor. The 
large catalogue of remote sensing-related datasets 
available and the built-in data filtering APIs make it 
very convenient to select images that are relevant to 
the time frame and study area of interest (Amani et al., 
2020). In addition to expediting research process, GEE 
is beneficial to open research because researchers can 
share the scripts that generated the research results, 
which can be easily used by other researchers to 
reproduce the research. The RiceMapEngine utilises 
the computing power and data catalogue of GEE for 
fast paddy rice mapping by supervised classification or 
phenology-based approach.

The RiceMapEngine is designed as a modern single-
page web application, which loads entirely when it 
opens. It differs from a traditional server-rendering 
web applications, such as a Tethys-based web 
application, which dynamically renders webpages at 
the server-side throughout the entire life cycle of the 

CLIENT INTERFACE OF THE GEOFAIRY MOBILE APP FOR IN-SEASON FIELD DATA COLLECTIONFIGURE 7
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web application. The overall software architecture 
is illustrated in Figure 9. The frontend shows the 
map component and controls for user input, and the 
backend essentially serves as a proxy that translates 
requests from the frontend into GEE Python API calls. 
The entire application is organised as three different 
apps: phenology explorer (PE), empirical thresholding 
(ET), and supervised classification (SC). Each of these 
apps represents a stage of the crop-mapping process.

The RiceMapEngine has an easy-to-use interface 
(Figure 10). The most desirable feature of 
RiceMapEngine is that it allows user to use GEE 
services without possessing programming skills, which 
can bridge the gap between many researchers and 
the GEE. Three main workflows – PE, ET, and SC – are 
introduced. The PE workflow was used to identify 

transplanting time frame and identify low-quality 
ground truth samples. Then in the ET workflow, the 
thresholds for the VH band of Sentinel-1 SAR data 
within the transplanting phase were calculated and 
used in the threshold-based classification, which 
yields the in-season rice maps. After the rice season 
ended and ground truth samples were collected, the 
RiceMapEngine was used to conduct postseason rice 
mapping using models trained with the ground truth 
samples.

RiceMapEngine mainly includes three subapplications – 
namely PE, ET, and SC – that serve different purposes in 
the workflow of rice mapping.

Specifically, PE provides functions to inspect ground 
truth samples by the phenology information produced 

SERVER-SIDE INTERFACE OF THE GEOFAIRY APPFIGURE 8



14  WORKING PAPER

SCHEMATIC DIAGRAM OF THE KEY ELEMENTS OF THE RICEMAPENGINE APPFIGURE 9

Map

Chart

Text

Visualisation

Computing  
platformData 

catalogue

Parameters

Frontend

Backend

Results

Dataset name

Composite days  
and method

Feature name

Ground truth  
samples

Date ranges of  
phenology stages

Redux store

Filter dataset

Thresholding Supervised 
classification

GEE Python API

Compute feature Make composite



OPERATIONAL IN-SEASON RICE AREA ESTIMATION THROUGH EARTH OBSERVATION DATA IN NEPAL   15

from remote-sensing data. By identifying phenology 
phases of ground truth samples based on remote 
sensing-generated phenology information, users can 
identify true rice samples and false rice samples. The 
false samples should be removed for further analysis. 
PE can also be used to generate empirical thresholds 
from ground truth samples for user-defined phenology 
phases.

ET and SC are two methods of rice classification. 
ET allows rice mapping using empirical thresholds. 

Thresholds represent value ranges for the remote-
sensing images within certain phenological phases. The 
thresholds can be generated from PE or from previous 
experience. The classification result is generated simply 
by determining if a pixel value is within the provided 
value range. Ground truth samples are not required for 
this method except for validation. SC trains machine-
learning models with ground truth samples and 
classifies remote-sensing images to rice maps. Ground 
truth samples are required for this method.

USER INTERFACE OF THE RICEMAPENGINE APPFIGURE 10
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In an effort to improve evidence-based decision 
making, MoALD is working with development partners 
to deploy data science-based solutions. Since 2014, 
ICIMOD and MoALD have collaborated on a number of 
initiatives on digitisation, including the development 
of the Digital Agricultural Atlas of Nepal, Food Security 
Information System of Nepal, and Drought Monitoring 
and Outlook System for the National Agriculture 
Management Information System. To institutionalise 
the newly developed satellite remote sensing and 
machine learning-based in-season crop assessment 
approach (identified by the 2019 pilot study in Chitwan) 
in MoALD, the GIS Unit was allocated with suitable 
staff by the ministry’s leadership. Institutional capacity 
assessments were initiated to identify the gaps and 
opportunities in adopting the satellite remote sensing 
and data science-based approaches. 

The Terai region, considered the grain basket of the 
country, occupies 23% of the total land but accounts for 
about 75% of the country’s rice output, while the hills 
produce 22% and the mountain about 4%. In Nepal, 
average household landholding is about 0.8 ha and land 
fragmentation is much higher in the hills and mountain 
regions. Considering the limitation of remote sensing-
based crop area estimates in the highly fragmented 
landscape, this system is being deployed in 21 Terai 
districts, which produce 73% of the country’s rice. The 
hills and mountain crop monitoring will be covered 
by deploying a separate module CropScape, which 
produces seasonal vegetation anomalies based on the 
generic crop area mask of the region. 

With formal approval from the MoALD leadership, a 
joint workplan was developed to implement the remote 

sensing-based in-season rice area estimation of 21 
districts of the Terai region (Table 2).

5.1  COVID-19 mobility restriction and 
adjustments in the workplan

The initial joint workplan was designed with 
expectations to smoothly conduct in-person 
engagement, including orientation workshops and 
consultations, field-based trainings, and on-the-job 
training. With the emergence of COVID-19 mobility 
restrictions and social distancing requirements, major 
adjustments were made to accomplish the work. Taking 
advantage of virtual platforms, five key steps were 
agreed to continue the joint work and accomplish the 
assessment. 

Step 1: Preparation of rice area map based on DT 
method at transplantation stage during July– August 
2020 

Step 2: Online trainings on the use of remote sensing 
and field data collection for crop mapping for five 
extension professionals from each of the 21 districts 
during August 2020

Step 3: Field data collection by the district-level teams 
within their respective districts during September–
October 2020

Step 4: Machine-learning algorithm for rice area 
classification during October–November 2020

Step 5: Data synthesis and finalisation of joint crop area 
estimates

SECTION V

Operationalisation of digital suite at  
MoALD for in-season rice area estimation  

of Nepal
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The central and local institutional structure of MoALD 
was engaged in virtual trainings on the use of remote 
sensing for agriculture monitoring and field data 
collection. Activity plans for in-season assessment 
for 2020 were designed to adapt to COVID-19 safety 
protocols. Around 120 field staff of MoALD in 21 
districts of Nepal remained engaged in the joint 
assessment and learning process during April–
November 2020. The trained staff were mobilised for 
field data collection in their respective districts. These 
virtual trainings for district-based field staff greatly 
aided the completion of the field campaign even during 
the lockdown, when travel from one district to another 
was restricted.

5.2  In-season rice area estimation for 
2020

Reference data were collected from 21 districts of 
the Terai region by the 120 field extension staff of 
MoALD working under the Prime Minister Agriculture 
Modernization Project. A customised mobile app 

was used and adequate training was provided to the 
field staff through virtual trainings. Approximately 
300–500 field points were collected in each district 
(Figure 11) with certain criteria: points to be collected 
inside of the crop fields and distributed throughout the 
districts. All the collected data were subjected to quality 
check because some of the points were not collected 
inside the crop fields. In the data-cleaning process, 
adjustments were made by identifying the erroneously 
placed points based on the pictures taken in the fields 
and visual interpretation through high-resolution 
Google Earth images. 

As defined in the pilot study methods, Sentinel-1 
SAR backscatter data were successfully employed 
for tracking paddy rice growth as the backscatter 
values change with the varying conditions of paddy 
rice stages. Paddy rice has three key growing stages 
– transplanting/flooding period, vegetative growth 
period, and maturity/harvest period – which results in 
a sequence of SAR backscatter values in all three stages. 
This helps with the identification of rice field plots. We 

JOINT WORKPLAN FOR IMPLEMENTATION OF LARGE-AREA RICE CROP AREA ESTIMATION IN NEPALTABLE  2

Activity 2020  

No. Description 1 2 3 4 5 6 7 8 9 10 11 12 Primary  
responsibility

1 Finalisation of remote-sensing methods for crop area estimation 
based on the Chitwan pilot study                         ICIMOD

2
Design of statistical method (e.g. small area estimation) to 
supplement remote sensing-based area estimation (also 
supported by high-resolution PlanetLab images)

                       
MoALD

3 Development of mobile app for field data collection                         ICIMOD

4 Establishment of field data server at MoALD                          MoALD

5 Orientation of team on field data collection in Chitwan                         ICIMOD

6 Orientation workshop on use of Earth observation in agriculture 
sector                          

7 Training of MoALD master trainers on field data collection mobile 
app by ICIMOD                         ICIMOD

8 Training of agriculture extension professionals on field data 
collection mobile app by master trainers                         MoALD

9 Compilation of transplanting stage crop area estimate map                         ICIMOD

10 Review and feedback on transplanting crop map by MoALD                          MoALD

11 District-wise field data collection by the Agriculture Extension 
staff                         MoALD

12 Review and verification of district-wise field data by the MoALD  
central office and forwarding to ICIMOD                         MoALD

13 Finalisation of remote sensing-based rice crop area map                         ICIMOD

14 On-the-job training of MoALD professionals and joint work on 
image processing                         MoALD

15 Calibration of remote-sensing data based on statistical small 
area estimates for finalisation of district-wise crop area statistics                         MoALD

16 Consultation workshop on lessons and finalisation of SoP for 
remote sensing-supported rice crop area estimation in Nepal                         MoALD
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mapped the rice crop area in the 21 districts (Table 3, 
Figure 12) using the GEE platform, which hosts 
multipetabyte analysis-ready geospatial datasets and 
provides high-performance computing resources. Crop 
area statistics are produced at the district and palika 
levels for review and analysis by MoALD’s Statistics 
Department.

An accuracy assessment is a process that relates 
to the evaluation of an image or a standard for the 
classification of remote-sensing data. In this study, 
validation of the rice maps produced by both the 
methods includes two layers:

FIELD DATA POINTS COLLECTED FROM THE 21 DISTRICTS OF TERAI REGION OF NEPAL FOR 2020FIGURE 11

RICE CROP DISTRIBUTION ACROSS TERAI REGION DURING 2020FIGURE 12

District 2020 data collected
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1) Based on validation data and error matrix

2) Validation using ground truth samples sources 
including field survey data, field photographs, and 
visual interpretation with very high-resolution images 

Error matrix or confusion matrix is a table often used 
to validate the classifier performance where rows 
represent the class of the predicted sample, and the 
column represents the class of the reference sample. 
Once this matrix is generated correctly, it can be used 
to calculate the individual class accuracies (user and 
producer), overall accuracy, and kappa coefficient 
(Story & Congalton, 1986).

Cohen’s kappa coefficient is another widely used 
measure to check the quality of classification which 
can be derived from the error matrix (Bakx, Tempfli, 
Woldai, & Tolpekin, 2013). Kappa coefficient can 
represent the accuracy of the classification in a better 
way than overall accuracy since it considers the 
interclass arrangement.

Mathematically, Kappa coefficient is computed as, 

k = NΣxii−Σ(xi+* x+i)ri = 1ri  = 1N2−Σ(xi + ri = 1* x + i) 

Where r represents the number classes, xij is the 
number of observations in row i and column j of the 
error matrix, and N is the total sum of all elements of 
the error matrix. xi+ = Σxijrj = 1 and x + i=Σxjirj = 1 are the 
marginal totals for row i and column i, respectively.

The value of kappa coefficient ranges from 0 to 1, 
where a lower value means there is no agreement 
between the classified image and the ground truth 
images, and higher means the classified image and 
reference image are close to identical.

Further, the classified rice maps from these two 
methods were overlaid in ArcGIS to identify the 
common rice area and its coverage throughout the 
districts. This helped find the overestimation and 
underestimation of the rice area. This overlaid map of 
rice was again checked with the ground truth data and 
photographs collected in the field. Visual interpretation 

No. District Agriculture area Provincial 
assessment

Remote-sensing 
assessment

MoALD estimate % difference 
in MoALD and 
remote sensing

1 Jhapa 128,585 85,750 83,932 74,086 13.29

2 Morang 123,113 80,801 74,868 66,511 12.56

3 Sunsari 80,899 53,900 49,827 48,012 3.78

4 Saptari 86,970 62,800 48,737 49,450 −1.44

5 Siraha 95,079 53,708 39,381 47,580 −17.23

6 Dhanusha 80,891 58,450 35,773 53,301 −32.88

7 Mahottari 72,689 40,130 29,000 33,736 −14.04

8 Sarlahi 86,481 45,700 39,126 45,950 −14.85

9 Rautahat 72,426 37,750 31,690 35,998 −11.97

10 Bara 69,633 46,096 42,590 40,125 6.14

11 Parsa 48,528 43,550 39,463 39,463 0.00

12 Chitwan 56,906 24,247 24,247 24,247 0.00

13 Nawalparasi east 42,684 20,325 17,744 17,744 0.00

14 Nawalparasi west 47,055 22,712 24,632 22,712 8.45

15 Rupandehi 109,618 67,550 67,260 63,813 5.40

16 Kapilvastu 108,701 64,350 63,909 64,350 −0.69

17 Dang 101,220 37,936 37,348 37,936 −1.55

18 Banke 59,767 35,625 26,688 31,245 −14.58

19 Bardiya 83,106 49,638 44,478 49,638 −10.40

20 Kailali 111,046 70,094 56,941 70,094 −18.76

21 Kanchanpur 68,635 48,411 39,588 48,689 −18.69

  Total 1,734,032 1,049,523 917,222 964,680 −4.92

DISTRICT-LEVEL RICE CROP AREA ESTIMATE FOR 2020 TABLE  3
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of the rice fields were carried out using the high-
resolution Google Earth images and Sentinel 2 optical 
images to verify the major rice-growing area of each 
districts in Terai region. In case of Sentinel 2, maximum 

value composites of normalised difference vegetation 
index were also created to check the phenology of 
classified rice of some of the fields. District-wise 
accuracy statistics are given in Table 4.

No. District Rice Non- rice Overall accuracy Kappa coefficient

1 Chitwan Rice 23 3 94.94 0.88

Non-rice 1 52

2 Dang Rice 37 7 88.75 0.78

Non-rice 2 34

3 Nawalpur Rice 28 5 87.17 0.74

Non-rice 5 40

4 Parasi Rice 44 4 91.26 0.82

Non-rice 5 50

5 Parsa Rice 89 3 89.70 0.75

Non-rice 11 33

6 Bara Rice 34 7 86.59 0.72

Non-rice 6 50

7 Mahottari Rice 28 8 89.24 0.77

Non-rice 2 55

8 Sunsari Rice 56 4 88.17 0.74

Non-rice 7 26

9 Jhapa Rice 69 3 89.09 0.75

Non-rice 9 29

10 Rautahat Rice 24 3 94.37 0.88

Non-rice 1 43

11 Morang Rice 46 3 94.05 0.88

Non-rice 3 49

12 Dhanusa Rice 16 4 91.75 0.75

Non-rice 4 73

13 Sarlahi Rice 43 6 88.42 0.77

Non-rice 5 41

14 Rupendehi Rice 96 3 90.76 0.73

Non-rice 9 22

15 Banke Rice 49 9 86.29 0.72

Non-rice 8 58

16 Bardiya Rice 30 3 89.13 0.74

Non-rice 2 11

17 Siraha Rice 25 4 92.92 0.83

Non-rice 3 67

18 Saptari Rice 30 4 89.13 0.77

Non-rice 6 52

19 Kapilvastu Rice 24 3 91.23 0.82

Non-rice 2 28

20 Kanchanpur Rice 24 6 87.93 0.76

Non-rice 1 27

21 Kailali Rice 38 4 92.10 0.84

Non-rice 2 32

DISTRICT-WISE ACCURACY MATRIX FOR 21 TERAI DISTRICTS OF NEPAL TABLE  4
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Use of the 2020 in-season rice crop area 
assessment for food security planning during 
COVID-19 

This remote sensing-based rice crop mapping was the 
first large-scale assessment conducted for 21 districts 
of Nepal. This assessment coincided with the COVID-19 
pandemic, when intensive ground activities required 
for conventional crop area reporting were not possible. 
In this situation, remote sensing-based wall-to-wall 
mapping provided an additional source of information 
which was considered for final rice crop area during 
2020. 

Along with institutional capacity building, the joint 
efforts of MoALD and ICIMOD yielded ample attention 
to technology adoption in the decision-making process 
of MoALD. The intermediatory results on 2020 crop 
area estimates were utilised by the Planning Division in 
the rice crop procurement and subsidy planning. The 

satellite remote sensing-based crop area maps provided 
critical information for finalising 2020 rice crop 
production estimates when conventional assessment 
was constrained due to COVID-19 restrictions. The new 
approach is also contributing to reducing information 
gaps among federal and subnational institutions. 
Earlier reporting was based on the district level while 
the current-year crop area statistics are reported at the 
palika level (Figure 13), which makes this information 
useable for provinces in the context of the newly 
established local government structure in Nepal.

5.3  2021 In-season rice area estimation
Due to tight COVID-19 restrictions, in-person trainings 
could not be organised. Taking advantage of the 
relaxation in mobility restrictions at the start of 2021, 
MoALD and ICIMOD organised a four-day training 
workshop in March at Chitwan, Nepal. This workshop 

SAMPLE MAPS AND PALIKA-LEVEL RICE AREA STATISTICS PRODUCED TO SUPPORT RICE PROCUREMENT PLANNING PROCESS 
DURING COVID-19 MOBILITY RESTRICTIONS IN 2020 FIGURE 13
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aimed to train professionals from relevant institutions 
on satellite data analysis and field-based observations 
for agriculture monitoring and food security 
assessment. The training also provided the opportunity 
to share lessons from 2020 assessment and improve 
field data collection strategies. The training provided 
knowledge on theories of optical remote sensing, 
microwave radar data analysis, and hands-on practice 
in Sentinel data analysis by utilising the GEE cloud 
computing platform.

The joint assessment for in-season rice crop mapping 
continued for 2021 crop. Overall, the methods 
developed in 2019 pilot and operational mechanism 
established in 2020 was repeated for 2021 assessment. 
Summary of the results are given below (Table 5, 
Figures 14, 15).

ASSESSMENT OF OCTOBER 2021 FLOOD-INDUCED DAMAGE 
OF RICE CROP IN THE TERAI 

In Nepal, untimely extreme rainfall resulted in a 
major flood during 18–21 October 2021. This caused 
enormous damage to mature rice crop in the Terai 
region of Nepal. Field-based damage assessments may 
take several weeks, thereby limiting critical decisions 

needed in the first few hours and days. The operational 
digital suite for in-season crop mapping was utilised to 
evaluate flood extent and its damage to ready-to-harvest 
rice crop within the 48 hours of the flood occurrence. 
The rainfall intensity maps were produced using GPM 
IMERG satellite data across Nepal, and flood water 
extent in the Terai districts of Nepal on 21 October 2021 
was produced using Sentinel-1 SAR satellite data. This 
rapid assessment was used as a planning tool for in-
depth damage evaluation for farmer compensation.

Satellite precipitation data showed heavy rainfall in 
Morang, Sunsari, Saptari, Siraha, and Jhapa districts in 
the eastern region. In the western region, Kailali and 
Kanchanpur experienced intense rainfall, while most 
of the central districts of the Terai region remained 
under heavy rain. 

Based on acquired satellite images, the flood extent 
assessment showed major flood spread in the western 
parts, including Kanchanpur, Kailali, Bardiya, and 
Banke districts (Figure 16). The flood water extent 
remained lower in the eastern districts compared to the 
west. The causes of severe damage were from direct 
rain pour and winds in the eastern region, and flood 
swept from riverbanks in the western parts.

IN-SEASON CROP AREA ESTIMATE OF TERAI DISTRICTS FOR 2021 TABLE  5

No. District Agriculture area Remote-sensing 
assessment 2020

Remote sensing 
assessment 2021

Diff. %

1 Jhapa 128,585 83,932 83,136 −1

2 Morang 123,113 74,868 73,184 −2

3 Sunsari 80,899 49,827 49,124 −1

4 Saptari 86,970 48,737 47,318 −3

5 Siraha 95,079 39,381 39,393 0

6 Dhanusha 80,891 35,773 35,902 0

7 Mahottari 72,689 29,000 30,327 5

8 Sarlahi 86,481 39,126 37,867 −3

9 Rautahat 72,426 31,690 31,803 0

10 Bara 69,633 42,590 40,104 −6

11 Parsa 48,528 39,463 40,090 2

12 Chitwan 56,906 24,247 23,207 −4

13 Nawalparasi east 42,684 17,744 18,903 7

14 Nawalparasi west 47,055 24,632 22,587 −8

15 Rupandehi 109,618 67,260 67,535 0

16 Kapilvastu 108,701 63,909 63,872 0

17 Dang 101,220 37,348 38,493 3

18 Banke 59,767 26,688 30,446 14

19 Bardiya 83,106 44,478 47,457 7

20 Kailali 111,046 56,941 57,602 1

21 Kanchanpur 68,635 39,588 39,606 0

  Total 1,734,032 917,222 917,956 10
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FIELD POINTS COLLECTED THROUGHOUT THE TERAI REGION OF NEPAL IN 2021FIGURE 14

District 2020 data collected
Banke 577
Bara 360
Bardia 345
Chitwan 355
Dang 391
Dhanusa 465
Jhapa 328
Kailali 435
Kanchanpur 391
Kapilvastu 360
Mahottari 417
Morang 455
Nawalpur 417
Parasi 398
Parsa 426
Rautahat 359
Rupendehi 492
Saptari 559
Sarlahi 330
Siraha 354
Sunsari 476
Total 8690

RICE CROP DISTRIBUTION ACROSS THE TERAI REGION DURING 2021FIGURE 15
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PERCENTAGE OF SAFE HARVEST IN FOUR WESTERN DISTRICTS (KAPILVASTU, RUPANDEHI, KANCHANPUR, AND BARDIYA) OF NEPALFIGURE 17

Additionally, the International Maize and Wheat 
Improvement Center (CIMMYT) and ICIMOD, along 
with agriculture offices in the affected districts, carried 
out a special field survey using the GeoFairy mobile app 
to understand the seed production losses and prepare a 
seed management plan for farmers in the next rice-
growing season (Figure 17).

5.4  Provincial and district-level 
validation and dissemination 
workshops

During 2020 rice crop area estimation for Dhanusa 
was one of the representative districts where remote 
sensing-based methods exhibited a major difference 
(31% underestimation) in comparison to conventional 
estimates. The rice area in Dhanusa from the remote 
sensing estimation was found to be 35,773 ha, whereas 
MoALD had estimated 52,301 ha (Figure 18).
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Similar differences were found in the initial assessment 
of the 2021 in-season crop area estimates. District-level 
field visits and a focus group discussion with district-
level officers was organised by MoALD on 26 October 
2021 in Janakpur. This process helped in understanding 
the underlying reasons for the observed differences 
between conventional crop area and remote sensing-
based crop area estimates in Dhanusa. The following 
key observations were made during the focus group 
discussion: 

 • The review of rice crop maps and agricultural area 
distribution in Dhanusa (Figure 10) suggest that 
the difference originates from the northern part 
of the district (palikas including Mithila, Bateshor, 
Dhanusdham, and Ganeshman) where large areas 
are under agricultural land use but rice cultivation is 
very limited due to unsuitable soil conditions.

 • The current data collection and reporting 
mechanisms are based on a very old baseline which 
requires revisions based on new technologies and 
methods.

 • Some rice area (around 3,000 ha) reduction has 
occurred due to an increase in fish farming ponds 
in the southern and central parts of the district. 
However, the overall difference is much larger 
(approximately 17,000 ha), which is related to 
inaccuracy in the northern palikas. 

 • There was a general agreement that corrections in 
the baseline data need to be made at the palika and 
municipality levels, and future reporting should 
be made based on these figures. The provincial 
government needs to engage in this process and 
MoALD central offices should provide technical 
guidance.

Two province-level results dissemination workshops 
were conducted during June 2022.
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SECTION VI

Conclusion and way forward

Monitoring and estimating crop acreage and 
production at the national scale is crucial for food 
security planning, including determining the national 
or regional food demand and supply balance, and to 
gauge social security. Whether during times of food 
shortages or surplus, monitoring and estimating crop 
acreage requires long-term efforts. National agencies 
involved in reporting food security are currently 
utilising baseline data established a long time ago 
using conventional and resource-intensive land-
based surveys and conventional statistical sampling 
techniques. In an effort to adopt newly emerged 
technologies in food security assessments through a 
codevelopment approach, MoALD’s Statistics Unit and 
ICIMOD’s SERVIR-HKH Initiative jointly developed 
methods for satellite remote sensing and machine 
learning-based in-season crop assessment during 2019. 
MoALD experts and relevant stakeholders thoroughly 
reviewed the approach, before the honourable 
minister approved it for formal use in the national-level 
assessment during 2020. 

Along with institutional capacity building, the joint 
efforts of MoALD and ICIMOD yielded ample attention 
to technology adoption in MoALD’s decision-making 
process. The intermediatory results on 2020 crop area 
estimates were utilised by the Planning Division in 
the rice crop procurement and subsidy planning. The 
satellite remote sensing-based crop area maps provided 
critical information on finalising 2020 rice crop 
production estimates when conventional assessment 
was constrained due to COVID-19 restrictions. The new 
approach is also contributing in reducing information 
gaps among federal and subnational institutions. 

Earlier, reporting was based on the district level; now, 
the current-year crop area statistics are reported at the 
palika level, which makes this information useable for 
provinces in the context of the newly established local 
government structure in Nepal.

In the current approach, approximately 300 data points 
per district are required to train the machine-learning 
algorithms for in-season rice mapping. After having 
wall-to-wall rice area maps for three consecutive years, 
it will be possible to produce rice area maps with very 
limited field data points. The algorithm uses trusted 
pixels to identify pixels whose current-year crop type 
can be predicted with high confidence from annual 
crop map series (Zhang, Di, Lin, & Guo, 2019; Zhang 
et al., 2021). The method can significantly reduce and 
even eliminate the field data requirement for model 
training. However, field work will be conducted 
for validation of the results towards the end of the 
season. We will pilot the approach in Nepal after the 
completion of three years of in-season mapping based 
on field-collected ground truth data.

MoALD has made admirable efforts to adopt digital 
technologies for evidence-based decision making. 
There is a need to work on long-term strategies for 
sustaining these efforts. A major step would involve 
revisiting its human resource policy to accommodate 
qualified professionals in emerging disciplines such 
as geospatial technology and big data analysis and 
provide them an attractive career path. Big data and 
associated digital technologies hold immense promise 
for addressing food security challenges by enhancing 
agricultural productivity.
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