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ABSTRACT

Agricultural systems are multifaceted adaptive systems that are constructed through 
dynamic processes of interaction between climate, soil, vegetation, and management 
activities, and which are progressively evidently, climate variability and extreme 
events. Conventional methods of monitoring have constraints of low spatial coverage, 
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expensive nature and low sensitivity to the spatiotemporal heterogeneity. Current 
developments in satellite remote sensing have made available large amounts of 
multisensory data including optical, SAR, and thermal data, that when combined 
with the meteorological and edaphic data, can be used to fully monitor the agricul-
ture. This chapter reviews the methods of artificial intelligence (AI) and machine 
learning, deep learning, and spatiotemporal models to monitor crops, predict yields 
and assess food security. The focus is put on the time-​series analysis, multi-​source 
data fusion, and early-​warning applications, including the drought detection and 
yield-​gap analysis.

1. INTRODUCTION

Agricultural production systems represent a primary contact point between the 
Earth system and the human society. They are the source of world food security 
and are also sensitive to climatic, environmental, and anthropogenic processes. 
The interplay of atmospheric conditions, soil characteristics, water availability, 
crop physiology, and management practices is complex and controls crop growth 
and yield formation across multiple spatial and temporal scales. Over the past few 
decades, the interactions have been further destabilized by climate change, land-​use 
acceleration, and the growing resource stress culminating in increased variability 
in crop productivity and increased vulnerability of food systems in the global con-
text (Lobell et al., 2013; Rockström et al., 2017). In such circumstances, there is 
a strong need to monitor agriculture and estimate yields in time to assist adaptive 
management, stabilize food supply chains, and make informed policy interventions 
on regional to global levels.

The traditional agricultural monitoring methods such as field-​based surveys, 
administrative statistics and empirical yield models still have a significant role in 
production assessment. These techniques are, however, usually limited in terms of 
spatial representativeness, operational cost, reporting delays, and data reliability. 
These limitations become more pronounced when applied to large and heterogeneous 
agricultural regions (Becker-​Reshef et al., 2020). These restrictions are particularly 
strong in low-​income and middle-​income nations, whereby the sparse network of 
observation, and lack of the institutional capacity, limit the availability of quality 
and timely agricultural information. This means that traditional surveillance systems 
do not tend to record intra-​season, spatial heterogeneity, and quick transformations 
caused by extreme weather conditions.

Remote sensing has evolved into satellite-​based observation systems. These 
systems serve as a cornerstone for large-​scale agricultural monitoring by providing 
systematic, repeatable, and spatially explicit measurements of land surface condi-
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