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Abstract: Rice (Oryza Sativa L.) is an essential food for most of the world's population, and it plays a critical role in the
global food system and contributes to food security. One outcome of food production in the rice industry is the creation
of significant quantities of waste generated. Essential solid waste products from rice production are straw, husk, bran,
and broken rice. These wastes by the rice industry present significant challenges regarding their volume, quality, and
potential uses. Advancements in geospatial technology, such as utilizing Remote Sensing (RS) and Geographic
Information Systems (GIS), present valuable and efficient solutions for estimating rice production. In this review article,
several studies that use geospatial technologies to estimate rice production were reviewed. Then, by integrating
geospatial data and models with rice production data, it is possible to gain insights into where and how waste is used at

each stage of the rice production process.
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1. INTRODUCTION

Rice (Oryza sativa L.) is a fundamental food element for
global majority [1]. Remarkably, 90% of rice production
occurs in Asian countries [2]. Rice is a crucial component
of the global food supply chain, significantly supporting
people's food stability, nourishment, and income
generation. Precise and reliable estimates of rice
cultivation areas and production are vital for expected
population growth. Among the countries leading in rice
production, China tops the list as the largest rice producer,
generating 147.691 million tons between 2022 and 2023.
India and Bangladesh follow, producing 125.039 million
tons and 35.512 million tons annually, respectively.
These nations are pivotal in satisfying the worldwide
demand for rice, with China and India contributing over
half of the global rice output [3]. Rice production
worldwide is projected to hit 526.2 million tons on a
milled basis from 2023 to 2024, marking a 0.4 percent
increase from the production levels of 2022 to 2023.
Moreover, rice trade on the international market is
expected to reach 51.4 million tons in 2024 [4].

In 2023, the Caraga Region in the Philippines reported a
rice production of 357,692.6 metric tons, up five percent
from the 339,181.91 metric tons produced in 2022. There
was a 1.9 percent increase in the rice-planted area,
amounting to an expansion of 2,124 hectares in the region
[5]. Monitoring rice yield and production is crucial for
effective agricultural management [6]. It is vital in
optimizing agricultural practices, guiding land use
decisions, and quantifying rice waste. These efforts
collectively contribute to enhancing food security and
promoting sustainable development. Thus, it is essential
to develop an effective method for accurately and timely
estimating rice yield to manage agricultural production
and secure food supply [7]. However, it is genuinely
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captivating that the most common methods for estimating
rice cultivated areas depend on agricultural statistics
gathered through field visits and farmer interviews [8].
Mapping out the extent of rice cultivation to estimate rice
production involves conducting annual or seasonal
sample surveys. These surveys create multiple sample
clusters to assess cultivated land during the crop's growth.
Field teams visit each cluster, documenting the areas, and
then these figures are verified and processed by regional
statistical personnel. While this approach is invaluable
for tracking historical patterns in rice cultivation, it's
notably labor-intensive, time-consuming, imprecise,
expensive, inconsistent, and demands significant human
resources [9]. Therefore, improvements in geospatial
technologies provide promising methods for efficiently
and promptly estimating rice yield on regional and
national scales, such as RS and GIS [10]. These
geospatial techniques are effective alternatives for
mapping rice cultivation areas. [11],[12],[13],[14] and
for predicting rice yield [1], [9], [11],[15],[16]. RS and
GIS have become instrumental in this domain [18],[19].
This process involves the integration of RS and GIS data
with crop models. These mathematical representations
simulate crop growth and development, considering
environmental variables like temperature, rainfall, and
soil properties [19].

Moreover, utilizing RS and GIS to estimate crop yield
and production offers significant benefits compared to
conventional approaches. Remote sensing enables rapid
data acquisition at a reduced cost and can cover vast areas,
facilitating regional and national yield and production
estimates. Geographic information systems enhance this
with robust data integration and analysis capabilities,
enabling the layering of diverse geospatial data to
uncover patterns and relationships not easily noticeable



through conventional means. Furthermore, crop models
integrated with RS and GIS data can simulate crop
growth under various environmental conditions,
providing insights into potential yield and production
outcomes under different scenarios. To forecast crop
yields, this method combines RS and GIS data, including
satellite imagery, meteorological information, and soil
and land use maps [20]. The growth patterns of crops
under different environmental conditions, like
temperature fluctuations and rainfall variations, were
simulated using crop models. It provides a detailed
framework for predicting crop yields and production
using these integrated datasets [17], [21].

Conversely, poor waste management could pose
environmental and health risks to the public. While
essential globally, the rice industry is also a significant
waste source. As the world's second most cultivated crop,
rice generates the most waste compared to other
agricultural products [22]. Thus, this review aims to
evaluate how geospatial techniques can be applied to
estimate rice production, thereby providing a method for
analyzing the associated waste. This review also seeks to
explore the effectiveness of geospatial techniques and
models, such as empirical, process-based, and semi-
empirical, in accurately estimating rice production and to
understand how the information can be leveraged to
assess and manage the waste generated throughout the
rice production process.

2. GEOSPATIAL APPROACHES IN
AGRICULTURE

Agriculture is a cornerstone of economies, particularly in
developing countries, where it is vital for economic
stability and food security. Challenges facing the
agricultural sector include shifting climate conditions,
constraints on expanding farmland, and water shortages.
These factors create a complex scenario for agriculture,
necessitating innovative strategies and sustainable
practices to ensure food security and the sector's
resilience in the face of these constraints. The
information emphasizes the significant need to monitor
crop growth and health and implement timely
intervention strategies. Recent developments in sensor
technology, communication systems, and data analysis
have improved sustainable agricultural practices,
minimized resource consumption, and mitigated
potential losses, thereby supporting higher and more
sustainable yields essential for achieving global food

security goals. Advanced technologies such as
Geographic  Information Systems (GIS), Global
Navigation Satellite System (GNSS), Artificial

Intelligence (Al), Remote Sensing (RS), Big Data
Analytics (BDA), and Internet-of-Things (10T) [23] have
become essential for analyzing crops and soil, playing a
significant role in global food stability [24]. Combined
with other data sources, these technological tools deliver
data-driven insights and information for precise,
localized crop management, aiming to boost production
levels [25]. Remote sensing and geographic information
systems have greatly enhanced agricultural practices by
improving yield estimation, soil mapping, crop checking,
and precision agriculture. These technologies boost
agricultural efficiency by streamlining labor-intensive
tasks, addressing labor shortages, and creating new
employment prospects [26]. Specifically, RS is
instrumental in tracking crop development, spotting
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nutrient shortages, and pinpointing pest attacks. GIS is
crucial in delineating soil properties, examining
topographical data, and designing irrigation frameworks
[27], [28].

3. APPLICATION OF GEOSPATIAL
TECHNIQUES IN RICE PRODUCTION
ESTIMATION

Estimating crop yield is a complex procedure that
involves employing complicated models to forecast the
yield of a specific crop throughout its growth cycle.
These models are designed to integrate various vital
factors that influence crop growth and vyield. Its
effectiveness can be significantly diminished when it
encounters variations in soil conditions, stress factors,
pressures, or management practices. These variations can
lead to inaccuracies in predicting crop growth and yields.
However, developments in using geospatial technologies
such as Remote Sensing (RS) and Geographic
Information Systems (GIS) have greatly enhanced the
monitoring and estimation of crop growth and yields.
These technological advancements have refined the
processes and procedures involved in crop vyield
estimations, enabling more precise and reliable
predictions [29], [30], [31]. These improvements
underscore the evolving nature of agricultural monitoring
and the potential for increased accuracy in forecasting
yields, which is crucial for economic planning and food
security strategies.

RS and GIS technologies generated maps and gathered
geographic information data. Advanced high-resolution
satellite imagery has enhanced the accuracy of predicting
crop Yields, distinguishing between crop types,
estimating crop planting areas, and modeling crop growth
[32], [33]. It has been a crucial method for assessing crop
yield [34]. Traditional remote sensing research platforms
for estimating crop yield are mainly divided into airborne
remote sensing and ground remote sensing [1]. These
types provide macroscopic monitoring and local
observation, respectively [35]. However, there are
various challenges associated with macroscopic
monitoring. Several intrinsic and extrinsic factors
influence the variability in crop yield. Spatial maps
showing crop yields have been extensively used to
understand the reasons behind yield variation across
different areas [36].

Furthermore, remote sensing data can evaluate yield
losses attributable to drought or flooding [37]. It's
essential to use a range of vegetation indices since each
provides unique wavelength bands related to specific
crops and their stages of growth [38]. Due to the
variability in environmental conditions, there are
significant differences in annual rice crop yields. As a
result, acquiring accurate and up-to-date crop yield data
on national, international, and regional levels is
increasingly vital for addressing global food security
concerns [39]. Such data is crucial for efficient
management of croplands, policy formulation, making
informed decisions on imports and exports, setting
insurance premiums, and planning for sustainable
agricultural food production [40]. Several methods, such
as remote sensing, empirical models, and crop simulation,
have been utilized to predict crop yields across various
scales [9]. RS has emerged as a highly effective tool for
tracking the growth of crops, offering accurate and



frequent updates that reflect the state of agriculture with
precision [41]. Table 1 shows the different geospatial
techniques in rice production estimation.

Table 1. Application of geospatial techniques in rice production estimation

.IC_S eospatlal Sensor Used Data Analysis Accuracy Study Reference
echniques Area
Remote Sensing Sentinel-1 SAR  Regression analysis RMSE =0.8 tons/ha  Vietnam [16]
Remote Sensing and ~ Landsat 8 OLI Linear regression RMSE =0.016 India
GIS analysis ME = 0.8 [15]
Remote Sensing UAV-borne Machine learning R2=0.827 China
hyperspectral regression analysis RMSE = 0.036,
remote sensing [1]
Remote Sensing Multi-temporal ~ Monteith (1977) RMSE =0.15 India [42]
datasets, approach to spectral  tons/ha
MODIS, yield modeling R2= 0.97
MOSDAC
(INDSAT 3D),
SAR (Sentinel
1A)
Remote Sensing Sentinel 2 Crop simulation R2 =82% India [9]
model
Remote Sensingand  MODIS Statistical analysis Rz = 0538 Vietnam [43]
GIS
Remote Sensing Landsat Images  Linear regression R%=0.7882. Pakistan [44]
analysis
Remote Sensing X-band SAR Regression analysis  R?=0.80 Laos [45]
Remote Sensing ISRIC 2.0 Statistical analysis R?2=0.81 India [46]
Google Earth RMSE = 238 Kg
points-not ha?
sensor
Remote Sensing Sentinel-1A Analytical analysis RMSE =0.74tha! China [47]
Synthetic RE = 7.93%
Aperture Radar
(SAR)
Remote Sensing Synthetic Statistical analysis <86-91% Yield India [12]
Aperture Radar Simulation
(SAR)
Remote Sensing MODIS NDVI Linear regression RMSE = 451.05 Nepal [8]
analysis MAE = 425.35
Remote Sensing MODIS LAI Gradient Boosted R? = 220% India [48]
Regression (GBR)
Remote Sensing MODIS NDVI regression R?=0.6639 Indonesia
analysis [49]
Remote Sensing (UAV) based UAYV image-based R?=0.98 Korea [50]
remote sensing  grain segmentation
Remote Sensing Multispectral Regression analysis R2=10.292 China [51]
images by UAV
Remote Sensing Sentinel-1A C-  Linear regression R2=0.83 Philippines [52]
Band SAR Data  analysis RMSE =5.29

4. RICE PRODUCTION TOWARDS RICE

kg of rice husk, bran, and broken rice, respectively [22].

WASTE ANALYSIS
Rice is the world's second most extensively cultivated
crop and the most prominent waste producer. As rice
grows, a husk forms around the grains, serving as a
protective coating, while bran is situated between the
husk and the grain's endosperm [22]. About 1.35 tons of
rice straw are produced in the field for every ton of
harvested rice paddy. Moreover, per ton of paddy rice
processed industrially produces 200 kg, 100 kg, and 140
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Since the husk does not contain the nutritional value
present in bran or broken rice, it has become a promising
source of biomass for power generation [22]. The husk
constitutes the most significant portion of waste from rice
production, making up approximately 20% of the mass
of paddy rice and straw [22]. The quantities of bran and
broken rice produced can vary significantly and are
primarily influenced by the efficiency of the processing
techniques [53]. Based on an analysis of the rice



processing steps, Fig. 1 was created to illustrate a
comprehensive diagram detailing all the stages involved,
including the inputs and outputs of each step. The
diagram provides a detailed overview of the rice
processing workflow, encompassing several critical
stages such as harvesting, transportation, reception and
pre-cleaning, drying, storage, shelling, milling/polishing,
and selection and classification [22].

Fig. 1. Rice production workflow detailing inputs and
outputs [22]

Fig. 2 shows the various stages and the leading products
and wastes considering each proportion from rice
production.

Fig. 2. Different products obtained in the
conversion of paddy rice [22]

4.1 Rice Waste Generation and Its Optimal
Utilization

The waste generated by the rice industry poses significant
challenges regarding its volume, quality, and potential.
Reusing and valorizing these wastes effectively involves
identifying, assessing, measuring, and classifying
residues. It is followed by their application in relevant
industries through traditional or innovative new
technologies. Despite challenges in finding economically
and socially viable applications for agricultural waste, all
components produced during the rice cultivation cycle
can be utilized [54]. The diagram of the rice production
process of the wastes produced at each stage is shown in
Table 2.

Table 2. The byproducts produced during rice processing and their utilization.

Waste

Stages Utilization Reference
Generated
Harvest Straw = Rice straw as a fuel source [55]
= It can be used for energy production, such as creating ethanol, [56]
biogas, and bio-oil.
= Rice straw pellets that are used to produce industrial organic [57]
fertilizer. [54]
= Utilizing rice straw in the manufacturing of pulp and paper.
= It will be utilized for mushroom production
= It will be used for feeding ruminants [58]
Husking  Husk = Polymeric composite resins and polymeric lumber from husk are [59]
sustainable alternatives to natural wood.
= Itisused as biomass for power generation. [60]
Milling Bran = It holds potential as a functional food. [61]
= Extraction of proteins and starch, utilization in animal feed, [22]
extraction of oils, production of biodiesel, and use as an adsorbent.
Selection  Broken Rice = Production of rice flour, starch extraction, functional foods, beer [22]
brewing, animal feed, ethanol production, and blending with
whole rice.
4.1.1 Rice Straw demand for animal-sourced foods. As such, rice straw

Rice straw fiber, often underutilized as an agricultural
byproduct, shows promise for incorporation into polymer
composites, which could help conserve wood and
petroleum resources. Historically, burning rice straw in
the fields has been a standard method for quick disposal,
but this contributes to environmental pollution by
releasing smoke and greenhouse gases into the
atmosphere [54]. Rice straw is being utilized as a low-
cost, natural option for animal feed due to the increasing
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provides an affordable food source for livestock. In
Vietnam, rice straw is the most abundant ruminant feed,
especially during the dry season [62]. Amidst rising costs
and constrained wood supplies, many developing
countries have turned to non-wood-based pulps for paper
production. In particular, India and China use non-wood
plants such as wheat straw, cereal straw, and bagasse,
which account for 70% of the raw materials in their pulp
industries [57].



4.1.2 Rice Husk

The rice husk is the protective outer layer covering the
rice grain [63]. Additionally, it acts as a protective shield,
safeguarding against physical damage and assaults from
pathogens, insects, and pests [64]. Also referred to as hull
or chaff, rice husk is mainly utilized as an energy source
in rice mills and poultry farming and for producing silica-
rich cement. It is also used in smaller quantities as
construction material and fertilizer. Despite these
applications, most rice husks are either discarded in
landfills or openly burned, significantly contributing to
environmental pollution.

4.1.3 Rice Bran

Rice consists of bran and germ. Rice bran comprises
approximately 80% carbohydrates, 2% proteins, 7-8%
fatty acids, 7% dietary fiber, and trace minerals [65].
Despite its nutritional value, rice bran is unsuitable for
human consumption mainly due to its tendency to
become rancid, caused by the presence of lipases [65].
This waste is wholly used as cattle feed and as a raw
material for oil extraction [66]. It is used mainly as
animal feed due to its high nutritional content,
particularly in fiber, which makes it a healthy option for
pet diets.

414  Broken Rice

During processing, mechanical stresses cause some rice
grains to break, resulting in a byproduct known as broken
rice. This rice waste, called rice grits, consists of broken
and defective grains. Broken rice offers various recycling
opportunities, including the production of rice flour, use
in animal feed, and as a component in beer production.
Like whole grains, broken rice is rich in starch, making it
a valuable energy source for human consumption. Recent
studies have demonstrated that broken rice is a highly
effective substrate for ethanol fermentation.

Moreover, it can be used as a vital raw material in
producing lactic acid and other functional materials [22].
Broken rice and rice bran are well-suited for human
consumption. Since broken rice maintains the same
nutritional profile as whole rice, it can be applied in
various high-value and quality applications, including
protein or starch extraction [67].

5. CONCLUSIONS

Advancements in geospatial technology offer effective
and cost-efficient solutions for accurately estimating rice
yields on both regional and national levels. This review
article shows that geospatial techniques like RS and GIS
are effective alternatives for mapping rice cultivation
areas and forecasting rice yields. Using geospatial
techniques to estimate crop yields and production
provides substantial advantages over traditional methods.
RS allows for quick data collection at lower costs and can
span extensive areas, supporting yield and production
estimates on regional and national scales. GIS
complements this by offering powerful data integration
and analysis tools, which facilitate combining various
geospatial data types to reveal patterns and relationships
that are not apparent through traditional methods.

Moreover, integrating crop models with RS and GIS data
enables crop growth simulation across different
environmental conditions, offering valuable forecasts of
potential yields and production scenarios. As the world's
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second most widely grown crop, rice produces more
waste than any other agricultural commodity. The
processing of rice encompasses multiple stages: harvest,
husking, milling, selection, and finally, sorting and
grading, with straw, husk, bran, and broken rice as the
leading rice waste. The rice industry's waste presents
considerable challenges regarding its volume, quality,
and potential uses. This review article aims to assess how
geospatial technologies can estimate rice production and
provide a framework for analyzing the resultant waste.
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