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Abstract: The GIS is a computer-built
system that input, stock, regain, examine
and show geographically referenced
information which is useful for taking
designs which are related to aquaculture.
The data about water, land mapping,
disease monitoring, species ecology,
pollution management, inland capture
fisheries management, mapping of aquatic
species, management of water resources,
collection of data like suspended sediment,
algal bloom of slick, etc is important in
aquaculture to get optimum outcome. This
data can be obtained easily through the
geographical information system (GIS)
and remote sensing. Application of remote
sensing in aquaculture has a vast scope in
India as it helps in efficient decision
making based on various scenarios. GIS
and remote sensing technology provide
high quality output. In aquaculture, site
selection plays important role to achieve
great outcome. The final data can be
achieved by combining all the factors of
the site selection. Obtaining data from GIS
and remote sensing is also less expensive.
Therefore, it will be more beneficial for
farmers to achieve great outcome by using
such kind of techniques. By using such
techniques, farmers can secure their

financial status. The study examines the
significance, necessity, and applications of
Remote Sensing and  Geographical
Information System in the Indian
aquaculture. The gap and the potential of
remote sensing and GIS for the sustainable
development of aquaculture in India has
been studied.

Keywords: Remote sensing, GIS,
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Introduction:

Aquaculture is one of the pillars of food
security in the world and especially in
India where it has a significant role in fish
production and livelihood of the rural
communities. Combination of remote
sensing (RS) and geographic information
system (GIS) are transforming agquaculture
management since it allows effective
tracking of water quality, surface habitat
suitability, disease outbreaks and other
environmental factors vital to production
optimization (Sri Bala et al., 2025). These
technologies  offer  spatially  explicit
information that ground surveys in the
traditional sense cannot offer in terms of
the magnitude, the timeliness as well as the
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affordability enabling informed decision-
making in site selection, resource
allocation, as well as sustainability
(Klemas, 2013). Remote-sensing (RS) and
geographic information system (GIS) are
important tools to be used in the Indian
scenario, where aquaculture is practiced in
various general ecosystems such as coastal
ponds, inland lakes, and rivers, and where
the main goal is to solve problems such as
environmental pollution, algae growth,
fish ecology, and the final outcome is a
better productivity and income of farmers
(Nayak et al., 2014).

Remote-sensing (RS) and geographic
information systems (GIS) applications in
aquaculture date back to the 1990s, when
the first coastal mapping was conducted,
and their application was later expanded to
inland systems in the 2000s. Multi-layered
analyses of suspended solids, water
resources, and habitat suitability with
satellite files such as Landsat and Sentinel-
2, paired with GIS analysis, enable the
elimination of the utilization of field
methods due to the extensive workload
(Declaro and Kanae, 2024). In India, this
development is coinciding with the
increase of the sector to more than 14
million tons in 2023, made possible by
states such as Andhra Pradesh and West
Bengal, where technology has helped to
map the area under aquaculture and to
track the fish industry capture fishing in
the country (FAO, 2022). Those
developments signal the transition of the
concept of sustainable management
between the practices grounded on
empirical observations and data-informed
policies and make RS-GIS indispensable
in scaling to sustainable aquaculture in the
face of climate variability and population
pressures.

Despite these advantages, the Indian
aquaculture is still faced with serious
challenges such as ineffective site
selection which causes low yields, disease
susceptibility as well as hotspots of
pollution which pose a threat of
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unsustainability. The conventional
techniques are still expensive and
laborious, making them unavailable to
smallholder farmers who control the
industry (Wall, 2007). The research gap is
geographically divided adoption with low
integration of multi-sensor RS data to real
time monitoring and predictive modelling
unique to any of the many agro-climatic
areas in India, which prevents nationwide
adoption.

The case study of the Himalayan areas in
Uttarakhand gives evidence of GIS based
site suitability modelling, which was able
to quantify aquaculture potential, but gaps
are evident in the high-perched uses when
uncovered by cloud cover as well as
terrain complicate the precision of RS-
based estimates (Nayak et al., 2014). In the
same manner, coastal researchers boast of
successes in mapping studies, but casts
doubt on the lack of resolution of
investigations  into  eco-environment
impact assessment including entropy due
to intensive cultivation (Wu and Wan,
2024). These results reveal a long-term
disparity between the potential and actual
realization of technology in India.
Additional examples found in analogues of
Southeast Asia, such as case studies within
India, reveal that RS allows the delineation
of aquaculture areas with above 85%
accuracy with the use of machine learning,
but longitudinal studies that monitor land-
use trends and the impact of biodiversity
remain lacking (Ratan et al., 2025). The
Mahanadi Delta experienced mangrove
encroachment of aquaculture revealed by
RS-GIS, which requires  improved
regulating frameworks (Pattanaik and
Prasad, 2011).

On the state level, states such as Assam,
Andhra Pradesh, West Bengal, Gujarat,
and Kerala have taken advantage of these
technologies to generate profit, using GIS
to support resource management of water
and disease-surveillance in shrimp farming
in saline lakes (Vijayan and Alavandi,
2021; Paroda, 2018). Nonetheless, the
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question of uneven penetration is that it
results in large areas of inland
prioritization and increases the
susceptibility of rainfed systems.

The objective of this review is to integrate
the significance, usage, and shortcomings
in RS and GIS to Indian aquaculture in
terms of site selection, monitoring and
sustainability. The objective of this paper
is to examine the applications,
significance, deficiencies, and future
potential of remote sensing and GIS in
improving site selection, monitoring, and
the sustainable development of aquaculture
across India.

Remote sensing and GIS
Unlike traditional field surveys which
often get hampered due to accessibility
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problems in the coastal areas, remote
sensing is frequently used for aquaculture
mapping in the last few decades (Rajitha et
al. 2007; IOCCG 2009; Chen et al. 2024).
Various structures of ponds, cages and
rafts along shore, clustered circular or
square formations in the open water have
been identified through object oriented
extraction, correspondence analysis, ratio
index analysis, visual interpretation and
spatial structure analysis (Fig.1) (Cheng et
al., 2012). GIS modelling is useful in
generating maps that can be applied to
locate marine aquaculture, taking into
account several environmental, socio-
economic and operational considerations
(Buitrago et al., 2005; Radiarta et al.,
2008; Micael et al., 2015).

Remote Sensing

N

- )

GIS Mapping

Figure: 1. Remote Sensing and GIS for collection

and mapping of aquaculture data.

To help solve the complex problems
related to aquaculture and coastal
planning, Geographic Information Systems
(GIS) are often used in the context of
spatially explicit options for natural
resource  decision-making  scenarios
(Stelzenmdiller et al., 2017). GIS is used to
handle and analyze spatial and attribute
information  from  multiple  sources.
Furthermore, it generates reports in the
form of maps, databases, statistics, field
calculations and texts for proper decision-
making (Malakar et al., 2025). Different
physical,  biological and chemical

parameters can be evaluated in GIS
environment to identify suitable zones for
aquaculture both onshore and offshore
(Primavera et al., 2006).

India ranks as the second largest nation in
the aquaculture sector, with shrimp
farming being widespread in coastal
lagoons, deltas, estuaries, and the
transitional areas beyond mangrove forests
(Jayanthi et al., 2022). The mainland of
India boasts an extensive coastline
measuring 5422 km, where shrimp
farming is practiced across 102 districts in
nine coastal states: Gujarat, Maharashtra,
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Goa, Karnataka, Kerala, Tamil Nadu,
Pondicherry, Andhra Pradesh, Odisha, and
West Bengal, primarily by small-scale
farmers (de Jong, 2017). In spite of the
rapid transformations occurring in India’s
coastal environment, there exists a
deficiency of current, spatially detailed,
and continuous data regarding the
distribution of coastal aquaculture (Prasad
et al., 2019). This information is crucial for
establishing baseline assessments,
facilitating informed decision making, and
ensuring effective monitoring of coastal
zones. The possible advantages of utilizing
remote sensing data for aquaculture
mapping were thoroughly examined in
Reference (Ottinger et al, 2016).
Researchers utilized medium- to high-
resolution optical satellite data to delineate
and observe temporal changes in the
spatial extent and distribution of
aquaculture ponds across various regions
of the world, including India (Sridhar et
al., 2008; Disperati and Virdis, 2015; Tsai
et al., 2006; Sudarshana et al., 1993;
Jayanthi et al., 2006; Rajitha et al., 2010).

Geographic Information Systems (GIS)
and Remote Sensing (RS) serve as
effective tool for the planning of
aquaculture and mariculture management,
allowing for a flexible distribution of
resource allocation (Kairo et al., 2002).
Consequently, ArcGIS 10.2.1 and Erdas
Imagine

2014 have been utilized as effective tools
for spatial analysis (Pandey and Ghosh,
2018). Results indicate that 88% of the bay
area is suitable for scallop culture, and that
56% of this area had a high score in
suitability rating (Michele et al., 2013;
Radiarta et al., 2008). This type of
thematic mapping, employing data from a
variety of remote sensors coupled with
decision support through GIS spatial
analysis, provides more rigour and insight
in aquaculture planning (Wilkinson, 1996).
Several research studies have been
released regarding the use of GIS and
remote sensing in aquaculture. This
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involves the selection of shrimp farming
locations utilizing SPOT imagery (Rajitha
et al., 2007), identifying oyster cultivation
sites (Lima, 2025), developing cat farms
through the mapping and analysis of soil
physical characteristics (Kapetsky et al.,
1988).

Remote  sensing
Aquaculture
Remote sensing is a method for gathering
data through a sensing device that does not
physically interact with the object being
observed, and it involves the analysis of
the acquired data, which is then
represented in the form of maps or
statistics  (Howard, 1985). Extended
satellite missions, including the European
Remote Sensing satellites (ERS-1/2),
ENVISAT, the Landsat series, the
Moderate Resolution Imaging
Spectroradiometer (MODIS), and the
newly launched Sentinel series, provide
comprehensive monitoring (Ottinger et al.,
2017; Bakker, 2013). Utilizing the freely
accessible Sentinel-1 SAR data with a
spatial resolution of 10 meters, we were
able to identify a significant quantity of
individual ponds and dikes (Ottinger et al.,
2017). The integration of optical and SAR
data, for instance, merging Sentinel-1 SAR
data with high-resolution Sentinel-2
satellite data, is ideal to improve the
accuracy of  aquaculture  mapping
outcomes (Wang et al., 2025).

Technologies in

GIS Applications and Integration

There is a history of employing GIS
technology for planning purposes in
aquaculture. GIS was utilized in fisheries
management  during the  mid-1990s
(Wanchana & Sayan, 2018). Through an
adequate database, Geographic
Information System (GIS) can serve as an
effective analytical and decision-making
tool for aquaculture’s development. Also,
it can be applied for management purposes
and impact assessment of development
(Aguilar-Manjarrez and Ross, 1995). The
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GI1S-based Multi-Criteria Decision
Analysis (GIS-MCDA) is a type of SDSS.
Spatial Decision Support Systems (SDSS)
refer to a computer-assisted interactive
system aimed at improving the
effectiveness of decision makers in
tackling spatial decision problems (Yalew
et al., 2016). In the Thiruvarur District, a
research study assessed the suitability of
sites for conducting brackish water
aquaculture using a multi-criteria decision
analysis (MCDA) method. Ways to
mitigate environmental impacts would
ensure sustainable development of coastal
aquaculture (Shunmugapriya et al., 2021).

According to Dolan (2008), the Analytic
Hierarchy Process provides a transparent
and structured method to decision analysis.
This technique involves comparing a
number of different alternatives against a
variety of different criteria to choose the
best one. The GIS-AHP model is
employed to analyze the various thematic
layers, which are assigned weights and
ratings according to the level of
groundwater potential (Chen et al., 2025).

Key Applications in Aquaculture
Remote sensing (RS) and geographic
information systems (GIS) are crucial in
improving aquaculture practices
throughout India, especially in site
selection, resource  monitoring, and
sustainability initiatives. Aquaculture has
rapidly advanced over the past thirty years
and has emerged as a significant economic
endeavour globally (Bostock et al., 2010).
The accessibility of  contemporary
technologies and the boundless
opportunities for export have drawn
substantial investment into this sector.

Site Suitability and Zoning

The selection of an appropriate site is a
crucial element in determining the
sustainability of an aquaculture farm
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(Abdullah et al., 2023). It is essential to
consider the water retention capacity of the
soil and its fertility, as these factors
significantly affect the response to both
organic and inorganic fertilization of the
aquaculture site (Ihejirika et al., 2012; Das
et al., 2005).

The site should have sufficient water
supply throughout the year to fill the site
with clean, unpolluted water. In terms of
soil quality, the primary criteria utilized in
the selection of aquaculture sites include
pH, organic matter, and texture (Divu et
al., 2021; Ghobadi et al, 2021,
Esmaeilpour-Poodeh et al., 2019). Soils
with a high clay content are particularly
advantageous as they possess the ability to
retain water for prolonged durations.
Notably, Esmaeilpour-Poodeh et al. (2019)
were the only researchers to incorporate
sand percentage, fertility, and soil depth
into their site selection criteria for sturgeon
farming along the southern coasts of the
Caspian Sea in their study. The topography
of the area is to be noted, as in swampy
and marshy areas, bunds should have a
greater accumulation of soil. The location
must be easily reachable by roadways or
any alternative means of transportation to
access the market for convenient fish
disposal (Jayanthi and Ravichandran,
2009).

Water Quality and Environmental
Monitoring

In ancient times, traditional methods were
employed to evaluate water quality
parameters. The sampling and monitoring
of water samples are the age-old practices
required in previous decades. Karthik et al.
(2005) have identified alkalinity,
ammonium,  nitrites,  nitrates, and
phosphate as the primary factors for
assessing water quality in their model
designed for selecting an aquaculture site
in brackish water.
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Table 1: comparative analysis methods for assessing water quality.

Parameters | Chemical Methods | Automation Relevant  Literature
Techniques (Modern Technology)
Temperature | Lab testing Temperature sensor | Saukani & Triturani,
LM35 2022
pH Titration method pH electrode generates | Zeta et al., 2025
voltage and is connected
to the sensor module
Conductivity | Chemical method | Conductivity sensor Wei et al., 2011
and equations (PSS-
78)
Dissolved Titration method and | Dissolved oxygen probe | Ma & Ding, 2018
oxygen lab testing interfaced with
electronic control
system
Ammonia Titration method and | Ammonia sensor | Maulini et al., 2022
lab testing MQ135
Water flow Manual methods Water flow sensor to | Okarma et al., 2022
measure flow rate

Aquaculture

Extent Mapping

and

monitoring dynamic changes in land use

Change Detection

The sophisticated remote sensing and GIS
techniques are used to map aquaculture
and determine changes by accurately
delineating fish pond boundaries and
monitoring changes over time throughout
India. The use of multi-temporal satellite
data including IRS-LISS I, Sentinel-1
SAR, and Landsat-series allows for the
automated extraction of ponds using
various spectral indices (NDWI, MNDWI1)
and machine learning classifiers with an
accuracy exceeding 90% in the mapping of
brackish water shrimp farms in Andhra
Pradesh and inland carp systems in Uttar
Pradesh  (Malinowski et al., 2017;
Venkateswarlu et al., 2019; Prasad et al.,
2020). The table below presents a
summary of the methodology used for GIS
analysis, areas where GIS were practised
and essential key parameters used in the
studies done in India.

Advantages Over Traditional Methods
The linkage of RS and GIS is more
advantageous than conventional
approaches and is quite powerful in

and land cover (Hamud et al., 2019). For
conventional recording techniques there
are limitations about the speed and
accuracy of collection and evaluation of
actual state data. By RS, enormously
useful multi-temporal data can be obtained
for monitoring land-use patterns and
processes, and GIS techniques can be used
to analyze and map the patterns (Liu and
Cai, 2012; Farshidi et al., 2023). The use
of Geographic Information System (GIS)
in forecasting cage effects has several
advantages in spatial modelling. These
advantages include rapid image generation
and manipulation, the ability to explore
alternative scenarios, statistical analysis of
the imagery, and colour outputs that
enhance the visual interpretation of results
(Kapetsky, 2004; Ghadirian & Bishop,
2008). Where progress is being achieved
concerning user-friendliness, the handling
of substantial datasets (>100 MB), the
compatibility of databases across various
systems, as well as in the gathering and
initial processing of datasets (Nath et al.,
2000).
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Table 2: GIS based techniques and their applications in various States of India.

Author GIS Technique ﬁfg)ﬁl{lcatlon Key Parameters Region
Nayak et al. AHP-MCDA . T Water quality, soil,
(2014) Overlay Site Suitability infrastructure Uttarakhand
Rajitha et al. . land-cover change Andhra
(2010) NDVI Approach | Pond Zoning detection Pradesh
Dense mangrove, open
. Post- mangrove, aquaculture, Mahanadi
Pattanaik & classification Extent Mapping | plantation, mudflat, sand, | delta,
Prasad (2011) .
Change water body and Orissa
agriculture
Aquaculture ponds,
Jayanthietal. | Arc GIS 9.0, gg\ljg%mmu;it 2?gé?<léltlrjésaércglgg}est Pichavaram ,
(2011) GS5+ GPS - o , 1 Tamil Nadu
Monitoring boundaries and fallow
lands
Padmanaban Thematic  Ma Offshore  and | Infrastructure facilities,
& . P Onshore of | salptan, water bodies, .
. Technique, - - Tamil Nadu
Sudalaimuthu ENVI/ERDAS Tuticorin distance from land, waste
(2012) Coastal area land, area type of soil etc.
Javanthi et al ERDAS Impact of Kolleru Lake,
20%6 " | IMAGINE, ARC | Aquaculture on | Land, water Andhra
GIS Lake Pradesh
Geology, pH, salinity,
soil media, slope,
Shunmugapri ) . . geomorphology, land use | Thiruvarur,
ya et al., 2021 GIS-AHP Site selection land cover, distance to Tamil Nadu
water, settlement and
road networks
Depth, turbidity, salinity,
temperature, dissolved
Jayanthi et al . . Z)r;yrgg?l,i; ?i’tﬁ)rgl:]ofjasling Muttukadu
" | MCDS Site selection T . Lagoon,
2021 suitability scores and its '
. Chennai
comparative rank. pH,
salinity, temperature, and
TAN

Limitations of RS-GIS
Remote sensing (RS) and geographic

information

systems

(GIS)

present

significant
aquaculture;

however,
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implementation and precision. Cloud cover
during the monsoon season, common in
coastal regions such as West Bengal,
hinders optical satellite imagery for
instance, Landsat and Sentinel-2, thereby
affecting the reliability of data for water
quality assessment and pond mapping
(Huda, 2022; Rajeevan et al., 2013). This
requires expensive SAR alternatives such
as RISAT; however, their reduced
resolution restricts detailed aquaculture
applications (Agarwal et al., 2025).

Spatial and temporal resolution limits slow
progress, as moderate-resolution sensors
are unable to identify smallholder ponds in
inland systems. This results in an
underestimation of the extent and changes
in aquaculture, as evidenced by studies
conducted in Kolleru Lake (Soti et al.,
2009; Pattanaik et al, 2008). The high
software costs, high-resolution imagery,
and manpower hiring have made things
difficult for small farmers in Indian
aquaculture. According to Dhillon &
Moncur (2023), and Subramani et al.
(2017) the situation further contributes to
ongoing digital divide within Maharashtra
and Assam rural areas. Gladju et al. (2022)
opinionated the same. The INCOIS PFZ
advisories indicate that limitations in
infrastructure, including inadequate
internet connectivity for real-time GIS
dashboards in remote coastal regions,
limits the scalability for their use (Eluri et
al., 2025; Owen, 2025). Capacity building
remains inadequate at various levels as
many extension workers and fisher folk are
untrained in geospatial tools resulting in a
failure to use them despite the initiatives of
PMMSY (Kelkar & Arthur, 2022). Policy
and Regulatory obstacles, including
disjointed zoning at the state level,
exacerbate the risks associated with
unplanned growth, such as the loss of
mangroves (Carter et al., 2015). Tackling
these issues necessitates the use of open-
source platforms, the integration of drone
technology, and the establishment of
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national data hubs to improve fairness and
accuracy in Indian aquaculture.

Future Perspectives

The advanced technology with Remote
sensing and GIS provides opportunity for
sustainable development of aquaculture in
India (Rajitha et al., 2007). Up and coming
satellite  constellations, especially the
Sentinel-1A/1B SAR  sensors  and
hyperspectral platforms, will be deployed
to overcome the cloud cover problems in
monsoon season along the coasts and
ensure consistent all-weather monitoring
of water quality parameters such as
chlorophyll-a, turbidity, and suspended
sediments (Klemas 2013; Rodriguez-Veiga
et al. 2017). The UAVs along with drone
technology are going to enhance the
satellite remote sensing which will help in
obtaining  sub-metre  resolution  for
mapping of smallholder ponds along with
managing on-farm operations (Bansod et
al., 2017; Mabhaudhi et al., 2022).

The future of GIS analysis will be shaped
by the incorporation of artificial
intelligence  and  machine  learning,
enabling the automatic detection of ponds,
species identification based on spectral
signatures, and the creation of climate-
resilient site selection models tailored to
India’s agro-climatic zones (Ferriby et al.,
2021; Hasan & Sojib, 2025). GIS cloud-
based platforms will make access more
equitable. This via mobile applications and
open-source software such as QGIS will
lower infrastructure  obstacles  for
smallholder farmers, and participatory
mapping for management of inland
fisheries (Meaden & Aguilar-Manjarrez,
2013). Capacity building through digital
literacy initiative for extension officers and
farmers living in remote areas will aid in
equitable adoption of technology in
different states (Khatri et al., 2024).

The use of blockchain technology will
facilitate traceability and sustainability
certification in aquaculture supply chains
(Rashid & Gani, 2025). Transferring this
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technology in Geographic Information
Systems (GIS) already enables farmer-
ready production. This assures compliance
with market orientation and payment of
market premiums. We will ensure that
India’s aquaculture sector produces
millions of tonnes by 2030 while ensuring
no harm to the environment and farmers’
prosperity through management
frameworks that are credible and science-
backed.
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