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A B S T R A C T

Real-time knowledge about crop growth conditions is critical to make decisions about risk management and food
security planning. Several crop forecasting decision support systems (DSSs) are available which use crop models,
remote sensing, weather derivatives or statistical modelling. The results from such DSS are conditioned to the
goodness of the model used and the assumptions made. This paper describes a web-based DSS– Crop-loss
Assessment Monitor (CAM) for real-time crop growth monitoring, loss estimation, and insurance analytics using
different methods at multiple times during the crop growth for rice, wheat, maize, soybean, pearl millet, sor-
ghum, and groundnut. The core of CAM comprises of a set of databases and system-analysis components. Its
modular design allows customization for different countries and policy scenarios. The potential of CAM in
monitoring crop yield losses is illustrated for soybean crop in India.

1. Introduction

For effective risk management strategies, crop intelligence systems
with near real-time monitoring capabilities are required. Globally,
several crop monitoring and early warning systems are operational like
United States Agency for International Development’s Famine Early
Warning System (FEWS-NET) (Funk et al., 2019), UN Food and Agri-
culture Organization’s Global Information and Early Warning System
(GIEWS) (Becker-Reshef et al., 2010), and European Union’s Mon-
itoring Agricultural Resources (MARS) (van der Velde and Nisini,
2019). These DSSs typically provide real-time yield forecasts and cli-
mate risk analysis but lack detailed actionable information on historical
risks and associated crop losses for insurance analytics.

This note describes a web-based DSS– Crop-loss Assessment Monitor
(CAM) for seasonal crop growth monitoring and yield loss estimation at
near real-time. It seamlessly integrates multiple input data and methods
for crop loss assessment at multiple times in the season (Table 1). It is
developed with a simple, user-friendly interface and produces outputs
customized for policy and risk management agencies. It uses freely
available R libraries and does not require specific software installations
and high-power processing engines, generally needed to process large
gridded satellite data. Further, it can update data in near real-time and
execute user-specific queries.

2. CAM tool development

2.1. CAM software architecture and system components

Fig. 1 shows the broad framework of CAM with key input data,
methods used, and outputs. The front-end or the user interface of CAM is
developed using JavaScript and the back-end is supported by PHP. CAM, a
multi-user event driven web application, needs an efficient way of hand-
ling requests generated by the user. This communication between the two
languages is carried out using AJAX. CAM includes simulation models
based on weather, remote sensing, crop growth model – InfoCrop
(Aggarwal et al 2006), and a hybrid index approach. The Weather man-
ager collects, analyzes and stores weather data in the required format for
different models in a semi-automatic mode. In future, this can be fully
automated on a cloud platform. The process manager ensures the input
data (weather, satellite vegetation indices, crop management and soil
(Table 2)) is made available to the models in the format needed. Input data
is provided through flat-files, which are indexed and segregated using
codes for each grid. Indexing is done in MySQL database; it only requests
cells/grids located in the geography/insurance unit. The DSS uses R spatial
libraries for interpolation and aggregation of data at a desired spatial scale.
The outputs include crop loss estimates at sowing time, flowering, ma-
turity, and post-harvest stage, and premiums, and claims accrued.
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CAM uses different models for loss assessment depending upon the
time/stage in the season (Table 1). There are fixed pay-outs for losses if
prevented sowing or sowing failure condition holds true. For calcu-
lating losses at mid-season (flowering) and at maturity, CAM first cal-
culates average threshold yields based on past seven years simulated
data. This threshold yield is used to calculate losses, if any, for the
current year. Post-harvest losses are calculated only through weather
indices. A key feature of CAM is the ability to assemble outputs from
different methods and identify areas with a high model agreement.
Yield loss assessment is fed to the insurance analytics module of CAM to

calculate farmers’ premium costs, accrued claims, and loss-cost ratios.

2.2. Graphical user interface (GUI) and visualization

CAM provides a form-based user-interface to carry out the analysis.
User registration is required to access CAM and after the registration
process, the user can login and undertake analysis using multiple
methods for a specified region and time. The first tab of CAM allows
users to choose between area-based yield insurance and weather-based
index insurance. For the former, the drop-down menu allows users to
choose different settings for crop growth simulation, including weather
data, spatial scale (district/sub-district), and management conditions
for crops. For insurance analysis, scheme details like sum insured and
calamity years can be specified for calculation of threshold yields,
premiums and claims. CAM also includes tabs that provide ‘deviation in
the weather’ and ‘deviation in satellite vegetation indices’ to help
monitor crop conditions every fortnight.

All results in CAM are displayed in the form of maps for the selected
region with download options as image files (JPEG or PNG) or in the
form of a table (as CSV or Excel). For comparison of results from dif-
ferent methods, CAM has a special feature to visualize (and export)
results from all the outputs together as a map or table, under the tab of
‘crop loss estimates’. This feature helps in identifying the model
agreement between the four different methods for loss assessment,
which strengthens the confidence levels in loss assessments, and related
insurance analytics.

Table 1
Summary of methods and approaches used in CAM for multi-stage loss assess-
ment. Checkmarks show the model used to estimate losses at different stages.

Time/stage of loss
assessment

Method

Weather-
based index
insurance

Area-based yield index insurance

Weather-
based
model

Crop
simulation
model

Remote
sensing
model

Hybrid
Model

Prevented sowing ✓ ✓ ✓ ✕ ✕
Sowing failure ✓ ✓ ✓ ✓ ✕
Mid-season ✓ ✓ ✓ ✓ ✕
Harvest ✓ ✓ ✓ ✓ ✓
Post-harvest ✓ ✓ ✕ ✕ ✕

Fig. 1. Modules and process flow for CAM showing input datasets, process managers and key outputs.

Table 2
Data sources currently used in CAM.

Variable Data Source Resolution Availability in CAM

Rainfall Climate Prediction Centre, NOAA (https://www.cpc.ncep.noaa.gov/products/GIS/GIS_DATA/rfe/index.php) 0.1-degree 2002 to present
Indian Meteorological Department (http://www.imd.gov.in/pages/services_hydromet.php) 0.25-degree 1981 to 2015

Temperature Climate Prediction Centre, NOAA (https://www.esrl.noaa.gov/psd/data/gridded/data.cpc.globaltemp.html) 0.5-degree 2002 to present
Radiation Global Land Data Assimilation System (GLDAS) (https://ldas.gsfc.nasa.gov/gldas) 0.25-degree 2002 to present
Soil ISRIC (World Soil Information) https://www.isric.org/explore/isric-soil-data-hub 0.1-degree Yes (static data)

Indian Council of Agricultural Research - National Bureau of Soil Survey and Land Use Planning (https://www.nbsslup.in/) 0.1-degree Yes (static data)
Vegetation Vegetation Growth Index derived from MODIS (Moderate Resolution Imaging Spectroradiometer) satellite data.https://

earthdata.nasa.gov/
250 m 2002 to present
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3. CAM application: Multi-model yield loss assessment

This case study illustrates the potential of CAM for crop yield loss
assessment using soybean in India as an example. The estimates use
yield models based on weather, remotely sensed vegetation indices and
crop simulation model. Fig. 2 presents major rainfed soybean districts
in India where there are likely chances of yield loss in 2017 crop season
due to inadequate/excess moisture conditions, and the level of con-
fidence in these estimates. The losses are estimated with respect to
threshold yield calculated for the period of 2010 to 2016.

4. Discussion and conclusion

Increased availability of satellite-based weather and vegetation in-
dices data provides new opportunities for real-time crop monitoring
systems. Their scope will only increase in the future with greater
availability of high-resolution data. However, most of these monitoring
systems available today are used for food security planning and their
use in risk management is limited. CAM attempts to address this gap, by
integrating various geo-spatial datasets for rapid loss assessment. The
DSS is specially built for developing countries where lack of historical
crop production statistics and resource constraints have resulted in low
penetration of agricultural insurance. CAM provides near real-time in-
sights on food production and losses at different spatial scales using a
standard minimum input dataset (weather, soil, and crop management

data). These insights could be of immense importance to several sta-
keholders including planners, insurance/reinsurance industry, and
commodity traders. We believe its applicability will further grow in the
future, as climate change threatens the food security of many countries,
increasing the scope and importance of agricultural insurance to protect
farmers and develop sustainable policies.
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