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Abstract

Although technological advancements have sparked the beginning of the fourth
agricultural revolution, human beings are still facing severe problems such as shrink-
ing croplands, dwindling water supplies, negative consequences of climate change,
and so on in achieving agricultural resilience to meet the demands of the growing
population over the globe. Geospatial techniques involving the integrated use of
geographic information system (GIS), remote sensing (RS), and artificial intelligence
(AI) provide a strong basis for sustainable management of agricultural resources
aimed at increased agricultural production. In recent times, these advanced tools have
been increasingly used in agricultural production at local, regional, and global levels.
This chapter focuses on the widespread application of geospatial techniques for agri-
cultural resource management by monitoring crop growth and yield forecasting, crop
disease and pest infestation, land use and land cover mapping, flood monitoring, and
water resource management. Moreover, we also discuss various methodologies
involved in monitoring and mapping abovementioned agricultural resources. This
chapter will provide deep insight into the available literature on the use of geospatial
techniques in the monitoring and management of agricultural resources. Moreover, it
will be helpful for scientists to develop integrated methodologies focused on exploring
satellite data for sustainable management of agricultural resources.

Keywords: geospatial techniques, agricultural resource management, crop growth
monitoring, flood monitoring, land cover mapping

1. Introduction

Agriculture is the backbone of the economy, particularly in developing countries,
and plays a pivotal role in economic stability and ensuring food security. As a matter
of fact, the global population is increasing exponentially and is expected to reach 10
billion by 2050. This drastic increase in global population puts pressure on agricultural
resources for more food production despite the constraints of the environment [1, 2].
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Changes in climatic conditions, restrictions on expanding agricultural land, and scar-
city of water are among the major complications for increasing crop production.
Therefore, cropland management, protection of soil quality, judicious use of water,
and increase in species diversity are the few basic steps for sustainable management of
agricultural resources to meet future food demands [3]. More importantly, monitor-
ing of crop growth and health coupled with timely intervention strategies are neces-
sary for enhanced agricultural crop production along with a reduction in the use of
input resources in accomplishing global food security goals.

Technological advances in recent years have shown much development in sensor
technology, communication systems, and data analysis tools. Such advances in tech-
nologies have facilitated the sustainable use of agricultural input variables along with
mitigation of future losses while promoting increased and sustainable yield to accom-
plish global food security goals. Numerous existing and newly developed techniques
and tools such as Geographic Information System (GIS), Artificial Intelligence (AI),
Remote Sensing (RS), Global Navigation Satellite Systems (GNSS), Internet of Things
(IoT), and Big Data Analytics (BDA) have become essential for global food security
through effective analysis of crops as well as soils. When merged with other sources of
evidence, these technology solutions are supplying data-driven information and
insight for focused or site-specific management of crops, trying to ensure higher
production [4]. GIS is a type of database system that includes tools for gathering,
storage, and information retrieval in addition to tools for analyzing, converting, and
demonstrating spatiotemporal data for a particular intention [5–7]. GIS is one of the
key technologies that gives the spatial frame of reference and information on numer-
ous attributes, each of which can be accessed as a separate data layer. Furthermore, it
supplies the tools necessary to modify both spatial and non-spatial data and illustrates
the results in map formats that are both intuitive and demonstrative [8]. GIS has
widespread applications in environmental studies, medical services, and resource
management in food, industrial, and agricultural sectors. In recent times, GIS tools
have been increasingly used in agricultural production at local, regional, and global
levels. GIS together with other techniques such as RS, GNSS, and data analytics has
been widely utilized to facilitate crop and soil interventions [9–11].

Remote sensing is a type of geospatial technique that involves acquisition of infor-
mation about an object or phenomenon without making physical contact with the
object using space-borne or airborne satellites. Remote sensing technique captures
images of the earth’s surface in different wavelength regions of Electro-Magnetic
Spectrum (EMS). Some of the images symbolize reflected solar radiation in visible and
near infrared regions; a thermal infrared wavelength region represents estimations of
energy emitted by the earth’s surface, and a microwave region represents a measure of
relative return from the earth’s surface. The basic mechanism of remote sensing
technology involves emitted electromagnetic radiations coming from sun, falling on
different objects on earth and reflected to atmosphere, which is captured by the
distantly placed satellite sensor as images of different wavelengths. However, the
process involved in acquiring information about an object or area of interest by means
of measuring radiant energy reflected or emitted by an object or surface has been
summarized in Figure 1. The complete processing of remote sensing involves various
steps including (1) emission of electromagnetic radiations; (2) energy transmission
from source to earth’s surface; (3) interactions of EMR with the earth’s surface, that is,
reflection and emission; (4) energy transmission from the surface to satellite sensors;
(5) sensor data output; and (6) transmission, procession, and analysis of satellite data.
This remotely sensed data is comprised of spatial information (size, shape, and
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orientation) as well as spectral information (tone, color, and spectral signature). As it
is known, GIS creates, manages, analyzes, and maps all types of data. GIS connects
data to a map, integrating location data (where things are) with all types of descriptive
information (what things are like there). This provides a basis for mapping and
analysis in almost every industry and assists users to understand patterns, relation-
ships, and geographic context. The benefits include improved communication and
efficiency as well as better management and decision making. Although RS and GIS
have been widely utilized in various domains of agriculture such as soil mapping,
terrain analysis, crop stress mapping, crop yield mapping, soil nutrient assessment,
and organic matter mapping, it has been suggested that the potential of high-
resolution remotely sensed data to deal with spatiotemporal variations make it valu-
able to be utilized in precision agriculture. When it comes to precision agriculture,
various combinations of spatial resolutions, spectral coverage, and frequency ranges
are utilized. It has been reported that monitoring of crop growth and mapping of crop
yield can be achieved using low-resolution satellite data; however, mapping the
severity of disease infestation necessarily requires fine-resolution satellite data. Liter-
ature suggests that RS and GIS are the core of precision agriculture because they
collect, store, retrieve, and analyze feature- and location-based information and pro-
vide statistics alternatives particularly for site-specific monitoring [12].

Since its inception in the 1960s, remote sensing technology has been widely used in
agriculture [13]. Several global and national agricultural monitoring systems based on
remote sensing platforms are now in operation. These systems deliver consistent,
timely, and important information to agricultural producers, managers, and
policymakers. Crop identification and cropland mapping; crop growth monitoring
and yield estimation/prediction; inversion of key biophysical, biochemical, and envi-
ronmental parameters; crop damage/disaster monitoring; precision farming; and so

Figure 1.
Concept of remote sensing and GIS - applications of remote sensing.

3

Application of Geospatial Techniques in Agricultural Resource Management
DOI: http://dx.doi.org/10.5772/intechopen.112222



on are all important applications of geospatial techniques in agriculture resource
monitoring. This chapter is focused on the use of geospatial techniques for
agricultural resource management. The various indices and other parameters deter-
mined using geospatial techniques for mapping and monitoring of crop growth and
yield forecasting, crop disease and pest infestation, nutrient deficiency, land use, land
cover mapping, flood monitoring, and water resource management are summarized in
Figure 2.

Digital maps based on RS data and GIS differ broadly from traditional maps. In
these maps, satellite data is utilized to map a given attribute such as soil analysis, crop
yield, precipitation, nutrient availability, pest infestation, and so on. Satellite-based
positioning or navigation system provides information about longitude, latitude, and
altitude. GIS provides sophisticated abilities by using statistical techniques and
geospatial predictive analysis to retrieve inter-attribute interactions. Such observa-
tions are beneficial for decision making and management of resources on a sustainable
basis. These digital maps help farmers and researchers to identify hotspot regions,
map field boundaries and water bodies, and recognize the relationship of different
features inside and outside the field’s boundary lines. High-fidelity field visualization
allows site-specific implementation of nutrient content, herbicides, pesticides; irriga-
tion to improve productivity; and to reduce input costs. In this chapter, we present the
scientific work associated with the use of remote sensing and GIS techniques for
sustainable management of agricultural resources. This chapter is organized in such
a way that it starts with highlighting the need of RS and GIS technologies for
mapping and monitoring agricultural resources. Afterward, research presents the
recent developments in RS and GIS technologies involved in agricultural resource
management.

Figure 2.
Different indices/ parameters for monitoring and management of various agricultural resources.
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2. Crop growth and yield forecasting

Monitoring development of crops and making estimates of their yields are both
extremely vital for any nation to be able to make decisions on food production for its
consistently expanding population. Typically, crop yield forecasting across crop
growth includes models that integrate global climatic and soil conditions and other
ancillary data as executed accordingly to characterize the development, photosyn-
thetic activity, evapotranspiration, and yield of a particular crop relying on reliable
physical and physiological theories. However, these models are a poor significant
predictor when variations in soils, stress, pressure, or management practices are
present. The process of anticipating crop growth and initial crop yield over agricul-
tural fields is a crucial method for both the planning of food security and the predic-
tion of agricultural economic return. Monitoring the growth of crops and estimating
their output have been easier thanks to the ongoing development of RS and GIS
technologies, which have led to improvements in both the process and procedures
involved [14–16]. Estimation of crop yield has been demonstrated by multiple studies
to benefit from the integration of GIS and RS technology. The research carried out by
Memon et al. [17] evidenced how efficient integrating hyperspectral Landsat satellite
imagery and contrasting various RS-based spectroscopy indices was in monitoring
crop growth and early crop yield forecasting over agricultural fields. The focus of this
research was on the impact of rice yields. The information can be useful in the long-
term planning of agricultural sustainability in cropping systems involving rice and
wheat. The findings of the study that was conducted by Hassan and Goheer [18]
demonstrated that an accurate early forecast of wheat crop yield prior to growing
crops could be achieved through the utilization of vegetation indices deduced from
modest resolution imaging spectroradiometer satellite imagery in conjunction with
crop yield information and a strategy that is based on GIS modeling. Muslim et al. [19]
employed a GIS-based environmental policy-integrated climate model in yet another
research. This model served as an effective tool for forecasting rice yield and was
based on integrated climate policy. Several of the most popular vegetation indices
(VIs) used in remote sensing are included in Table 1 along with details such as their
mathematical formulations, the scales they are designed for, and the factors they
assess. These vegetative indices have several applications, including crop monitoring,
stress detection, biomass estimation, and yield forecasting. However, the correct
index must be selected considering the given task and surrounding factors.

The prototype regional- and local-crop-level data, soil data, agricultural production
data, and climatic data to spatial and temporal approximate variability in crop yield.
In a similar manner, Al-Gaadi et al. [16] predicted potato tuber crop yield by
extracting the normalized difference vegetation indices and the soil-adjusted vegeta-
tion index from Landsat satellite data obtained during the different phases of potato
growth. Simulations of crop yield prediction that are premised on GIS and RS have the
potential to have broad applicability in the process of notifying agricultural produc-
tion regulations that are geographically centered. For instance, based on the results of
these modeling techniques, compliance review can be designed to change the con-
tributing factors to crop yield and quality (that include farm management strategies,
wind patterns, availability of water, altitude, terrain, plant health, and inclusive
growth) [20, 21]. This is possible because policy intervention is a form of intervention.
It is essential to make yield projections for crops well in advance of harvest time,
especially in areas where there is a high degree of climatic variability. Planning and
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Index Scale Parameter Formula

Normalized Difference Vegetation Index

(NDVI)

[14, 15, 19–21]

Canopy Biomass; Vegetation

Fraction

NIR�Red
NIRþRed

NDVI is used for assessing the robustness and density of vegetation. It has important applications in crop

growth monitoring, land-use planning, and ecological research. NDVI values closer to 1 suggest that the

plants are in better health [22].

Green Normalized Difference Vegetation

Index (GNDVI)

[23–26]

Canopy Chlorophyll;

Vegetation Fraction

NIR�Green
NIRþGreen

GNDVI is a tool developed based on satellite data, frequently used for assessment of crop health and

growth. Higher GNDVI values indicate more robust plant life. Values between 0 and 1 are possible [27].

Photochemical Reflectance Index (PRI)

[27–32]

Canopy Photosynthesis

efficiency/ RUE

R570�R531
R570þR531

PRI is a valuable tool for assessing photosynthetic activity and stress in plants. PRI reflects changes in

pigment composition of leaves and the quantity of light that is absorbed by chlorophyll. PRI values are

directly proportional to vegetation health and its numerical scale ranges from �1 to 1, where higher values

indicates better health [33].

Normalized Difference Red Edge

(NDRE)

[34–37]

Canopy Chlorophyll/

Nitrogen

R790�R720
R790þR720

NDRE is a vegetation index developed using geospatial data for assessing plant health and biomass

production. NDRE index determines the alterations in vegetation cover, encompassing factors such as

plant growth, stress, and nutrient insufficiencies [27].

Canopy Chlorophyll Content Index

(CCCI)

[38–42]

Canopy N Status/ Chlorophyll NDRE�NDREmin

NDREmax�NDREmin

CCCI is widely employed for estimating the chlorophyll concentration in plant canopies. CCCI

exhibits sensitivity toward variations in leaf chlorophyll concentrations and structural changes in leaves.

CCCI values ranges from 0 to 1, where higher values are indicative of higher levels of chlorophyll

content [43].

Ratio Vegetation Index (RVI)

[44–47]

Leaf Biomass NIR
Red

RVI is widely used to assess the health and growth of vegetation for the purpose of evaluating crop

productivity and identifying nutrient insufficiencies. RVI values ranges from 0 to 1 where higher VHI

values are indicator of healthier vegetation [48].

Enhanced Vegetation Index (EVI)

[49–52]

Canopy/

Regional

Biomass/Vegetation

Cover
2:5 ∗ NIR�Red

NIRþC1 ∗Red�C2 ∗BlueþL

C1 = 6; C2 = 7.5; L = 1

EVI is a vegetation index that enables the assessment of vegetation density, cover, and health and

frequently utilized in land-use and ecological studies. EVI values ranges from �1 to 1 where elevated

values are indicator of more robust and healthier vegetation [53].

Visible Atmospherically Resistant Index

(VARIgreen) [53, 54]

Canopy/

Regional

Vegetation Fraction/

LAI

Green�Red
GreenþRedþBlue

VARIgreen is utilized to assess vegetation cover and health and primarily used in regions where

atmospheric interference is of significant concern. VARIgreen index values ranges from �1 to 1, with

higher values indicating a greater degree of vegetation health [48].

Table 1.
Shot description of frequently used vegetation indices (VIs).
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policymaking for food security and the prediction of agricultural economic return
should include monitoring the conditions under which agricultural crops grow as well
as making projections about the potential crop yield [14, 15, 19]. This could include
the development of policies for increasing the efficiency of agricultural production
and maintaining its sustainable development [15]. To provide food for a growing
population in low- and middle-income countries (LMICs), agricultural production
systems need to work toward closing the yield gap that exists between the yields that
farmers currently accomplish and the yields that may be conceivably easily achievable
in a rainfed basic sustenance agricultural system. In order to evaluate and map crop
yield gaps, Hochman et al. [21] created a simulation that consolidated numerical yield
and crop varieties area data, remotely sensed data, cropping information processing
paradigm, and GIS mapping. The purpose of this model was to address the discrep-
ancy between the two sets of data.

There exist multiple approaches for predicting crop yield; some of the approaches
are given in Figure 3. The conventional approach to predicting crop yield involves the
assessment of crop condition by professionals. Throughout the crop-growing season,
various observations and measurements are conducted, including but not limited to
tiller number, spikelet number and fertility percentage, pest and fungal damage per-
centage, and weed infestation percentage, among others. The data obtained through
this method can be utilized to make predictions about yield through the application of
regression techniques or by drawing upon the insights of local experts [22]. Two
additional techniques employed for predicting crop production are remote sensing
and crop simulation models. The aim of the yield forecast is to provide accurate,
scientifically sound, and impartial predictions of crop yield at the earliest possible
stage in the growing season, considering the impact of weather and climate. The

Figure 3.
Approaches used for yield forecasting include field survey, national yield statistics, crop simulation, weather
monitoring, and remote sensing.
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disparities between forecasts and final estimates lie in the temporal aspect of their
dissemination. Predictions are generated prior to the complete harvest of the crop,
whereas evaluations are conducted after the harvest of the crop. The outcomes are
derived from the implementation of a statistical estimator on the survey data, and the
subsequent point estimates are analyzed by commodity.

Throughout history, farmers have consistently engaged in the practice of making
predictions as a means of strategizing their agricultural methods. The selection of a
cultivar, the optimal planting timeframe, and the appropriate quantity of fertilizer to
utilize are contingent upon the prevailing climatic conditions. If farmers are aware of
a high probability of rainfall in the upcoming week, they will promptly proceed to sow
their seeds in the field [23, 24]. The accurate prediction of crop yield necessitates the
concurrent prediction or knowledge of other significant parameters. An instance of
this would be the measurement of the land that was sown at the commencement of
the cultivation period and the measurement of the land that was reaped. The utiliza-
tion of geospatial methodologies in the prediction of crop development and yield has
numerous advantages, such as the capacity to furnish farmers, policymakers, and
other interested parties with precise and prompt information. The utilization of this
information can aid in the process of decision making, specifically in tasks such as
identifying the most favorable periods for planting, choosing suitable crop types, and
optimizing the management of resources, such as water and fertilizer, for greater
efficiency.

3. Crop disease and pest infestation

It is essential that there should be no instance of hunger or malnutrition among the
population if the nation is to experience long-term economic expansion and environ-
mental sustainability. Malnutrition is the only cause of one-third of deaths and
underweight, with retarded growth among children less than 5 years of age in poor
nations. Food insecurity, poor maternal and childcare practices, a lack of access to safe
drinking water, and insufficient quality sanitation and health services are all contrib-
utors to malnutrition, which is caused by a deficiency in both macronutrients and
micronutrients, as well as an imbalance in nutritional intake and disease [25]. Over the
past few centuries, the mismatch between the increasing food demand of the world’s
booming population and the amount of agricultural supply has made the issue worse
[26]. The main limiting variables that can influence agricultural productivity, growth,
and eventually food security are both biotic and abiotic constraints. These include
unfavorable and harsh temperatures, a lack of water, bad soil, insect infestation,
illnesses, and weeds. In addition, changes in temperature or climatic disruption have a
significant and deleterious effect on agricultural output and productivity around the
globe, particularly in tropical regions [27]. As the world’s climate continues to shift,
experts predict that agricultural output will drop by 20 percent by 2080 and that the
situation would be even direr in developing nations like India. Droughts, floods, and
other weather extremes are just a few examples of how climate change is affecting
crop production. Insect pests and disease epidemics have become more common
because of these shifts and disruptions [28]. Exports and imports of agricultural
products have increased worldwide since the liberalization that followed the founding
of the World Trade Organization (WTO) in 1995. The spread of invading alien spe-
cies, which threaten native and introduced plant communities worldwide, has been
accelerated by the globalization of trade. As a result of global warming and trade
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liberalization, more infectious diseases and insect pest outbreaks have appeared. Fur-
thermore, new tools have made it possible to reduce the impact on agricultural yield as
much as possible [28]. Now, more than ever, GIS and remote sensing are being used
extensively for precise data collection and analysis when it comes to crops as shown in
Figure 4. In this section, it will look at how geospatial technology has played an
admirable part in the detection and mitigation of plant/crop diseases and insect pests.
This section may also illustrate the supplementary understanding of how geospatial
technologies would be utilized in agriculture to lessen the impact of the disease and
insect-pest attack.

The term “healthy” is used to describe a plant that is fully realizing its genetic
potential in terms of physiological effects. When insects or diseases cause havoc on
plant life, normal physiological processes are thrown off [29]. The plant’s health,
biomass, and output are all negatively impacted by pests and illnesses carried by
insects. Typically, the effects of insect pests and diseases on yield and quality are not
immediately apparent throughout the growing season. Forest diseases and pests can
have a massive effect on ecological services, altering natural landscaping and its
cultural value, hindering wildlife habitat and biodiversity, and limiting the forest’s

Figure 4.
The emergence of crop-damaging diseases and pests, and the use of remote sensing.
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capacity for carbon sequestration, all of which harm agricultural output. GIS stores,
captures, analyzes, and displays data that describes an area of the earth’s surface. Most
common GIS features include data storage and retrieval, presentation and querying,
evaluation (geometric and thematically), conversion, and others. Information gather-
ing, processing, administration, and display are the four pillars upon which a GIS is
built [30]. The proliferation of data-capture methods is proportional to the variety of
technological tools at our disposal. As a result of advancements in geospatial tech-
niques like GPS, geodetic surveys, laser scanners, aerial photography, and satellite-
based remote sensing, and so on, it is now much simpler to keep tabs on plant health.
Arizona, Northern California, Idaho, Washington, and Oregon used GIS/GPS tech-
nology to analyze semi-automated data [31].

Using a unified strategy, we geo-referenced weather data, plant growth data, and
satellite imagery in a GIS to assess the potential for pests and diseases as well as the
optimal growing conditions for our crops. Using elevation, weather, and satellite data
projections, projections for both favorable growing conditions and the spread of
illness were developed for agricultural regions. Models for six insect pests and twelve
crop diseases were computed and displayed daily in geo-referenced maps for agricul-
tural survey regions. Dates and yields of grape harvests were also forecasted with
remarkable precision. Information was disseminated daily via the Internet as regional
weather, insect, and disease risk maps based on data derived from GIS [30]. Difficul-
ties associated with plant nourishment, insect identification, crop forecasting, water
requirements, and weed management are just some of the many areas where remote
sensing has been utilized. Changes in plant characteristics are indicators of disease and
pest attack, which can be detected by remote sensing. Typical ground-based optical
scouting techniques may miss tiny variations in vegetation, but a remote sensor’s
capacity to do so makes it a helpful tool for assessing within-field variability, evaluat-
ing crop development, and managing fields based on present conditions [30].

Nowadays, precision agriculture relies on geospatial technologies like GPS integra-
tion with GIS for Insect-Pest Management (IPM). Crop management planning bene-
fits further from the utilization of remote sensing and spatial analysis, as well as other
technologies such as the Global Navigation Satellite System (GNSS) [32]. However,
there are also some drawbacks to these techniques. For example, high spatial resolu-
tion imaging is not easily accessible for all locations, especially rural ones. While
hyper-spectral photography is essential, consultancies and end-users/farmers often
lack specialist knowledge of geospatial techniques, and timely mapping and near-real-
time picture collection and delivery processes are crucial to the success of this field of
study. Despite these difficulties, geospatial technology can also provide useful data in
an IPM setting by facilitating a thorough comprehension of the relative spatial of the
abiotic and biotic characteristics of a field and its crop, as well as giving information
on the populations of diseases and pests that are either already present or likely to
appear [30]. In a field where reports of pest and disease outbreaks on a massive scale
are on the rise, this technology is proving invaluable. Improved production, pest and
disease control, and other facets of forestry management are all possible thanks to
geospatial technologies. These tools are now used mostly in academic settings, but
with improved access to data and technology, this is likely to change. Increased yields
and lessened concerns over food insecurity are two of the many benefits that have
resulted from the widespread adoption of geospatial data and technology.

Crop output must rise along with population growth to guarantee that
everyone, no matter where they live, has access to adequate food and water.
Agricultural sustainability is achieved via the employment of a variety of technologies

10

Irrigation - New Perspectives



and strategies that make production safer and reduce negative effects on the environ-
ment. Successful agriculture relies heavily on the use of precision agriculture tools.
Using data gathered by geospatial technologies, precision farming is a method of
micromanagement that improves agricultural and territorial management decisions.
Pests and diseases have a significant impact on crop yields, which in turn affects
the ability to feed the world’s population. But the development of geospatial technol-
ogy has facilitated the operations of controlling many pests and illnesses affecting
plant health.

4. Land use/land cover (LU/LC) mapping

The terms “land cover” and “land use” are sometimes used indiscriminately; nev-
ertheless, the true connotations of these concepts are significantly different from one
another. The covering surface on the earth is referred to as land cover, and it might
include things like flora, urban development, waterways, fallow land, or other things.
To effectively carry out global monitoring investigations, resource planning
endeavors, and development endeavors, it is essential to recognize, delineate, and
map land cover [8, 33, 34]. The establishment of a benchmark from which monitored
operations, such as change detection, can be carried out and the provision of ground
cover data for baseline thematic layers are both accomplished through the process of
identifying land cover [35]. However, the term “land use” relates to the use that the
land is put to, such as for agricultural purposes, for the goal of providing an environ-
ment for wildlife, or for other recreational activities. Because it is necessary to have
up-to-date data to determine what percentage of land is now being put to what kind of
use and what kinds of changes occur in land utilization throughout the year;
approaches for land use need both mappings as a baseline and ongoing monitoring
[33, 36, 37]. The dynamic characterization of the world’s LU/LC has been summarized
in Table 2. Having this knowledge aids in the process of formulating plans to strike a
balance among preservation efforts, competing uses, and the demands of develop-
ment. Land use studies are being conducted because of several issues including the
loss of forested land, the reduction in the amount of fertile land, and creeping urban-
ization [11].

Resource planning and control, preservation of wildlife habitats, baseline modeling
for GIS inputs, urban expansion and encroaching, route and logistical planning for

LULC - Objects Characteristics

Water bodies Possesses very minimal to almost no sparse vegetation, no rock outcrops, and no man-

made structures such as docks [44]

Trees Any considerable concentration of thick vegetation is usually characterized by a

covered or thick canopy [35]

Grass Uniform regions of grass-like flora, sometimes known as blade-type leaves, provide

the impression of being distinct from tree cover and sparse vegetation. Grasslands that

grow naturally in the environment without any visible human planning [36]

Waterlogged

vegetation

Regions with any kind of flora where water and soil are visibly mixed.

Regions that are flooded periodically consist of a combination of grass, shrubs, trees,

and barren land [55]

Crops Cereal grains, grasslands, and crops were all seeded and plotted by humans [19]
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geophysical investigation, resource exploitation operations, disaster characterization
(storms, inundation, volcano, earthquake, and fires), legislative borders for taxation
and asset appraisal, object tracking (identifying landing fields, highways, hillsides,
and crossings), and delineating of the land/water boundary are the important tasks
that can be performed using LU/LC data gathered using geospatial techniques. How-
ever, in agricultural resource management, LU/LC refers to the physical characteris-
tics and use of land in a particular area, including vegetation cover, soil type, water
availability, and land use activities as shown in Figure 5.

Understanding LU/LC is crucial for sustainable agricultural management, as it
provides information on land use change, crop suitability, and environmental impacts.
In agriculture resource management, LU/LC data is used in various ways, including:

Crop Suitability Analysis: LU/LC data can be used to identify areas suitable for
specific crops. For example, if a farmer is interested in planting a particular crop, they
can use LU/LC data to identify areas with suitable soil types, water availability, and

Figure 5.
Global 10 m land use/ land cover (LU/LC) map for 2021 using geospatial technologies [source: ESRI website
(https://www.esri.com/partners/impact-observatory-a2T5x0000084pJXEAY/land-use-land-cover–a2d
5x000005juReAAI)].

LULC - Objects Characteristics

Shrubs and scrub Landscaping with uncovered rock and soil should have either isolated pockets of

vegetation or isolated plants distributed across the terrain.

Obstacles that prevent that are populated by shrubs among dense forests that are

obviously not higher than the trees. Look grayer and browner because of a less dense

layer of leaves [34]

Built-up area Commercial, business, and private buildings along with the parking areas constructed

by humans that are enclosed together with a variety of housing developments,

including structures, roads, gardens, and trees, as well as domestic constructions or

housing developments that are separated and bordered by land covered with

vegetation [48]

Fallow land Stretches of rock or dirt that are covered in very little or no flora at all having vast

tracts of land consist primarily of sand and desert, with little or no wildlife [56]

Snow and ice Large, evenly distributed expanses of snow or ice are often only seen in mountainous

regions or at the highest latitude and evenly distributed across a wide area [57]

Table 2.
Dynamic categorization of the world’s land use and land cover (LULC).
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vegetation cover for that crop. This analysis helps to optimize crop production, lead-
ing to higher yields and better resource management.

Land Use Planning and Management: LU/LC data are also used in land use
planning and management. By understanding the current and past use of land,
farmers and land managers can develop land use plans that maximize productivity
while minimizing environmental impacts. For example, if a particular area has a
history of intensive agriculture, land managers may decide to rotate crops to avoid soil
degradation and nutrient depletion.

Environmental Monitoring: LU/LC data are also essential for environmental
monitoring. By tracking changes in land use and vegetation cover, environmental
impacts such as deforestation, soil erosion, and habitat loss can be identified and
addressed. This information is crucial for developing effective conservation strategies
and ensuring sustainable resource management.

Natural Resource Management: LU/LC data are also used to manage natural
resources such as water and soil. By understanding the characteristics of the land,
farmers can implement practices such as soil conservation, water harvesting, and
irrigation that optimize resource use and minimize waste.

Disaster Management: LU/LC data are also essential for disaster management. By
identifying areas at risk of natural disasters such as floods, landslides, and droughts,
farmers and land managers can implement measures to mitigate the impact of these
events. For example, farmers may decide to plant crops that are more resistant to
drought or implement soil conservation practices to reduce soil erosion during floods.
So, LU/LC data are essential in agriculture resource management and provide crucial
information on crop suitability, land use planning and management, environmental
monitoring, natural resource management, and disaster management. By using LU/
LC data, farmers and land managers can optimize resource use, minimize environ-
mental impacts, and ensure sustainable agricultural practices. The efficacy of remote
sensing (RS) data in facilitating land use and land cover (LU/LC) mapping has been
substantiated by scientific literature. The use of RS data has been shown to provide
precise and current data on land use changes, thereby aiding sustainable land man-
agement practices.

5. Flood monitoring

Floods are one of the most destructive environmental disasters worldwide, con-
tributing to more substantial economic and social consequences compared to any
other natural event. Because of their widespread distribution, floods cause more death
and destruction than any other natural calamities [38]. When it rains heavily in a
place, downstream areas frequently become inundated because of the excess water.
Whenever water flows overland and into low-lying areas, this can cause flooding [39].
Floods and other environmental disasters wreak havoc on both human and natural
resources and generate significant amounts of destruction [40, 41]. Flooding has an
adverse impact on the lives of around 140 million citizens each year on average.
Assessment of extensive flooding is of the utmost significance regarding the reper-
cussions on society, the economy, and the environment [42]. Flood control and
mitigation efforts are essential to minimize the damage that can be caused to envi-
ronmental assets, agricultural land, and other infrastructures, among other things
[43, 44]. As a result, doing a study of the likelihood that an area will be flooded is a
crucial responsibility for advance warning systems and emergency responders as they
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work toward developing management plans for preventing and mitigating future
flood disasters [45]. For instance, HAZUS is a GIS-based natural hazard assessment
tool formulated for evaluating flood hazards; HEC-FDA is a computer program to
facilitate agricultural engineers across vulnerability assessment of flooding-risk-
reduction strategy. These are just two examples of the many comprehensive tech-
niques that are currently available and utilized by many data analysis organizations
around the world. GIS is a computer-based system that handles georeferenced data by
providing the capability for inputs, information management (data management and
access), modification and evaluation, and dissemination. GIS offers a wide variety of
techniques that may be used to determine the region that has been impacted by floods
and to make predictions on the areas that are expected to be inundated because of
high-water levels in rivers [41]. GIS will be utilized to a significant degree to compile
material obtained from a variety of maps, aerial pictures, satellite images, and digital
elevation models (DEM) [44]. The vulnerability assessment also will appropriate
utilization of the data from the census as well as any other appropriate statistical
abstracts to better cater to the requirements of the native population. The research
and technique of collecting data (spectrum, geographical, and temporally) about a
region or material thing without making direct physical touch with the entity or
region under inquiry are known as remote sensing [42–44].

In recent years, remote sensing technology and geographic information systems
have emerged as the two most important tools for flood inundation mapping [43]. The
demarcation of flood zones and the creation of flood danger and flood risk mapping
for places that are prone to flooding are the two primary focuses of attention in this
sector of industry [42]. Any endeavor at flood evaluation or hazard modeling in this
region is hampered by the limited availability of high-resolution DEMs, even though
river flooding in developing countries is very severe because of their overreliance on
agriculture. However, the accessibility of high-resolution DEMs is limited. In places
prone to flooding, flood hazard mapping is an integral part of carrying out the neces-
sary planning for land use [45]. It generates charts and maps that are simple to
understand and can be accessed quickly, which makes it easier for administrators and
planners to identify areas of risk and prioritize their activities to mitigate or respond to
such risks [46]. Worldwide natural disasters due to flood hazard, the hotspot areas,
flood frequency, distribution and deciles using geospatial technologies are illustrated
in Figure 6.

The traditional methodologies of predicting floods were not trustworthy enough to
make a precise forecast. The techniques used for flood monitoring are illustrated in
Figure 7. But usage of remote sensing and GIS technologies is extremely helpful in
determining and evaluating flood-related consequences caused by excessive rainfall in a
catchment area or by ocean wave surges in coastal areas. During the previous year,
numerous researchers and engineers put various models to use in order to estimate
flood levels [46]. At the present time, geospatial approaches offer a diverse selection of
data sources that can be utilized for the modeling of floods. In the field of disaster
modeling, including flood inundation mapping, cartography, and the analysis of com-
plicated problems, the analytic hierarchy process, abbreviated as AHP, is among the
most well-known and successful methodologies [40, 43]. In addition to the Analytic
Hierarchy Process (AHP), other recognized and appropriate models for hazard assess-
ment include the Multi-Criteria Decision Support Approach (MCDA), the Weights of
Evidence (WoE), the logistic regression (LR) model, the responsive neuro-fuzzy inter-
face system, artificial neural networks (ANN), and the FR model [47, 48]. Researchers
attempted to demonstrate a connection between the predictor variables and the
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occurrence of the flood by using the ANN approach, which was used in the forecasting
of flood [48]. It has been stated that the ANN approach can deal with all inputs that are
unpredictable to derive useful information. The employment of MCDA, RS, and GIS
techniques is particularly helpful in the study and mapping of possible flood-prone
regions because these techniques are dependable and precise [48]. The MCDA method
is applicable for flood assessment and mapping in areas with insufficient or no available
data, and it may be of use to local authorities in the process of flood mitigation. In
China, the AHP model was used for the purpose of flood deflection [47, 48].

The modeling of floods is a complicated process that requires considering a great
number of different parameters. The application of the RS approach makes a substan-
tial contribution to the mapping and evaluation of flood risks. Because they are rapid
and more effective, RS and GIS offer the greatest opportunity to catch, preserve,
integrate, alter, access, analyze, and present information for the assessment of pro-
spective risk regions. This is especially useful in situations where time is of the

Figure 6.
Global natural disaster hotspots for flood hazard frequency and distribution using geospatial technologies.

Figure 7.
Geospatial techniques and global map for flood hazard [58] [online source: SEDAC website (https://sedac.ciesin.c
olumbia.edu/data/set/ndh-flood-hazard-frequency-distribution/maps)].
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essence. This study is an example of an ensemble method that demonstrates how
effective GIS-based flood modeling can be. The frequency ratio (FR) method, GIS,
and remote sensing were all utilized in the process of estimating the likelihood of
flooding.

6. Water resource management

Water is a fundamental element of nature’s resources and can be found in many
different varieties, including underground aquifers, rivers, streams, lakes, glaciers,
and so on. The capability of water to keep humans alive, transport nutrition to
agricultural production, neutralize pollutants and hazardous substances, and regulate
the hydrological regime are the primary reasons for the significance of water [46].
Consequently, the management of water resources is an important problem for us to
address now to lessen the likelihood of water shortages for coming generations. Sub-
stantial oscillations in the hydrological system are currently causing degradation or
water contamination supplies, as illustrated in Table 3. These high variations are a
direct result of the significant economic and demographic shifts that have occurred in
recent times [45]. As a direct consequence of this, this invaluable asset is currently
subject to competition and requires both protection and management for conserva-
tion. In this section, we have presented the critical issue of gaining knowledge of water
resources through the application of geo-informatics by utilizing different types of
intelligence, including classic, enhanced, composite, and artificial [49].

Water Resources Management Hydrological management

Modeling of groundwater

Quality analysis of water

Water supply management

Sewer system management

Storm water control

Flood disaster management

Table 3.
Water resources management strategies.
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The primary purpose of water resource management is to comprehend and
manage water resources, whereas geospatial approaches make use of remote
sensing, geographic information systems, and global positioning system to make
this process more efficient. In addition to its function as a factor in maintaining life,
water also plays a part in the generation of potentially lethal risks in the manner of
floods and droughts [11, 43, 48]. GIS databases document and catalog water
supply information. There are servers located all around the world where the
data accumulated on water resources are kept. Some of the details are generally the
product of GIS data acquisition [11]. So, with the aid of GIS, researchers can store
and distribute massive amounts of information about water resources. Large
geospatial satellites launched from outside the Earth’s atmosphere are
interconnected with GIS and utilized to aid in the global dissemination of data/
information. When a base station needs to obtain geographical data, the satellite
makes it available to them wirelessly. Fortunately, cloud-based deployment options
are available for most GIS systems today. This allows information stored in any GIS
server to be accessed by geospatial centers located anywhere in the world. The wide-
spread availability and adaptability of data and information access are features of GIS
applications [50].

Research published on water has revealed that water alters both its condition and
pressure throughout the course of time [1, 45, 51]. When it is necessary to keep
monitoring various water circumstances, GIS becomes an extremely useful tool.
Therefore, hydrologists are among the professionals who stand to benefit the most
from geographic information systems. Using a GIS that has been carefully constructed,
one can do a variety of studies on water. For instance, hydrogeology is a field of study
that analyzes groundwater along with its preservation, incidence, and mobility prop-
erties. The nature and properties of water that is either stored deep inside the earth or
that is on the surface and is either motionless or moving can be entered into GIS as
data, stored there, and retrieved for use in the system’s subsequent processing. This
can be done for water that is either underground or on the surface. The process of
modeling groundwater entails hydrologists trying to comprehend the behavior and
features of groundwater. Keeping in mind the limited supply of water, there is a lot of
research that can be done to safeguard water catchment zones [52]. In addition to this,
GIS can assist in the production of models and designs that can assist in the responsible
utilization of underground water. When conducting investigations and case studies,
the application of geospatial techniques can allow the creation of digital photographs
of groundwater [53]. On this planet, there are many kinds of water, and not all of them
are fit for human or animal consumption. Studies on aspects such as slope, drainage
features, and patterns of land exploitation can all be analyzed with GIS to determine
whether the water in a certain region is suitable for consumption by humans. Sample
data can be analyzed, saved, and used to report generation thanks to the capacity of
GIS to manage vast volumes of data sets. GIS also has the capability to handle the
generation of maps [54]. These studies can be utilized by the relevant organization, or
even by the authorities, to make future studies and laws on water, as well as to assess
whether the water is suitable for human consumption.

7. Conclusion

The present chapter aims at highlighting the importance and usage of geospatial
techniques (remote sensing together with GIS technologies) in agricultural resource

17

Application of Geospatial Techniques in Agricultural Resource Management
DOI: http://dx.doi.org/10.5772/intechopen.112222



management, including monitoring and mapping of crop growth and production
forecasting, crop disease and pest infestation, land use and land cover mapping, flood
monitoring, and water resource management. Literature suggests that the use of
remote sensing (RS) and geographic information systems (GIS) in agriculture has
been increasing rapidly over the past few decades due to advancement of digital
technologies that have leveraged GIS as a vital alliance technology for evaluating
crops, soils, and their environments. In this chapter, we discussed various analyses
and methodologies involved in using remotely sensed satellite data for management of
agriculture resources. Based on the scientific literature, it can be concluded that
geospatial techniques have been effectively utilized for digital mapping of agricultural
resources and play a crucial role in ensuring sustainable agricultural production. It has
been observed that multispectral satellite sensors are preferably used in mapping and
monitoring of agricultural resources because of their low cost but have limited appli-
cation, which is linked with their low spatial and spectral resolution. However,
hyperspectral satellite sensors with fine spatial and spectral resolution allow more
promising results with greater accuracy and provide exceptional abilities to address
enormous challenges associated with regular monitoring and mapping of agricultural
resources at large areas. This book chapter will be helpful to develop cost-effective and
accurate monitoring solutions for agriculture resource management at fine spatial
resolution for decision making especially in land use issues in agriculture crop pro-
duction.
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