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 Sustainability requires equilibrium in the use of resources.  The United Nations launched 
17 Sustainable Development Goals (SDGs) to overcome the world’s challenges, including 
poverty, inequality, and the effects of climate change.  Remote sensing (RS) and geospatial 
technologies have a high potential in monitoring these SDG indicators.  In this paper, we briefly 
introduce these geospatial technologies and their applications to monitoring SDGs along with 
opportunities and challenges in the current context.  RS shows much advancement with new 
satellites with improved capabilities and whose limitations have been overcome by unmanned 
aerial vehicles (UAVs).  The latest advances have been found in mapping and monitoring various 
resources, and understanding their relationship with sustainability.  New opportunities to adopt 
emerging technologies with multisource data have been highlighted along with challenges in 
handling data and manpower.  In addition to these, developing countries face challenges in 
awareness, training, and lack of budget to adopt these technologies, which hinder sustainability 
in areas that need them the most.  In this paper, we provide a brief update to disseminate 
the latest advances in RS and geospatial technologies for monitoring SDGs and thus raising 
awareness about their potential applications.

1. Background

 Sustainability refers to qualitative and quantitative continuity in the use of resources.  It 
implies a state of equilibrium between human activities as influenced by social behavior, 
acquired knowledge, and applied technology on  the one hand and food production on the other.(1)  
There are several perspectives of sustainability, such as economic, ecological, and social, and an 
optimum mix of ecological and socioeconomic perspectives.  Sustainability attempts not only 
to address global issues, such as resource degradation, deforestation, and ozone layer depletion, 
but also local issues, such as the maintenance of socioeconomic systems.
 In 2014, a plan entitled “Transforming Our World: The 2030 Agenda for Sustainable 
Development (Agenda 2030)” was proposed by the United Nations (UN) at the UN Sustainable 
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Development Summit to fix global problems.  The proposal outlines 17 Sustainable 
Development Goals (SDGs or Global Goals) to overcome the world’s challenges, including 
poverty, inequality, and the effects of climate change.  Figure 1 shows all these SDGs.  Globally, 
most organizations recognized the feasibility of the plan and officially adopted it in September 
2015.
 In the SDG framework, data produced by geospatial technologies have tremendous potential 
to effectively and efficiently monitor various indicators of the SDG progress.  Geospatial 
technologies use many types of sensor to produce data and monitor sustainable development 
measures.  Among which, remote sensing (RS) is a fast and cost-effective technique compared 
with ground-based techniques.  Remote electromagnetic sensors measure the location and 
spectral properties of land cover, which can be analyzed for information extraction.  The 
combination of RS data, in situ monitoring, and reliable geospatial information can provide 
a measure for natural resources as well as comprehensive hazard and risk assessments.  This 
information is very helpful for sustainable development policymaking, programming, and 
project operations.
 Taking these advances into account, in this paper, we briefly introduce and discuss the 
applications, opportunities, and challenges related to RS and geospatial technologies for 
monitoring and information extraction of Earth resources that aid in sustainable development.  
Furthermore, we focus on emerging challenges and future directions, which can be beneficial 
to audiences that include researchers, practitioners, and professionals who make decisions on 
agriculture, environment, forestry, mining, resource management, and urban development 
targeting SDGs.

2. Brief Introduction

 Geospatial technology as a whole is any technology that incorporates spatial information 
in it, i.e., provides location information.  In general, the technology is a combination of three 

Fig. 1. (Color online) The 17 Sustainable Development Goals proposed by the United Nations. (Source: https://
www.un.org/sustainabledevelopment/blog/2015/12/sustainable-development-goals-kick-off-with-start-of-new-year/)
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different systems: RS, geographic information system (GIS), and global positioning system (GPS).  
RS is one of the major applications of sensors in capturing geospatial data, GPS captures 
locations on Earth, and GIS is the overall system that includes capturing, storing, manipulating, 
processing, and publishing geospatial data.

2.1 RS

 In simple terms, RS is sensing something without contact.  However, in terms of technology, 
it is the complete process that captures Earth’s surface data using electromagnetic energy 
and processes and extracts information for the GIS system.  Figure 2 shows the elements of 
RS.  On the basis of platforms, RS can be categorized into ground borne, air borne, and space 
borne,  whereas on the basis of the energy source, it can be considered as active or passive.  The 
process from satellite images to information usually takes three steps: preprocessing, image 
enhancement, and image classification.

2.2 GIS

 GIS is a complete system that contains information with referenced data to a location.  
Figure 3 shows the area.  It is a system composed of hardware, software database, people, 
organizations, and procedures.  It provides a framework for collecting, storing, retrieving at 
will, transforming, and displaying spatial data from the real world.  It can be used to measure 
real-world scenarios for mapping, monitoring, and modeling purposes.

2.3 GPS

 GPS is a network of United States (US) Department of Defense satellites, a group of 
satellites constantly circling the Earth.  It is named as Navigation Satellite Timing and 
Ranging and originally used to fulfill defense needs, but later declassified to serve the public.  

A. Energy Source or Illumination
B. Radiation and the Atmosphere
C. Interaction with the Target
D. Recording of Energy by the Sensor
E. Transmission, Reception, and Processing
F. Interpretation and Analysis
G. Application

Fig. 2. (Color online) Elements of RS. (Source: https://www.nrcan.gc.ca/maps-tools-publications/satellite-
imagery-air-photos/remote-sensing-tutorials/fundamentals-remote-sensing-introduction/9363)
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However, in general terms, it represents any set of navigation satellites that continuously 
transmit information in the form of code that makes it possible to identify precise positions on 
Earth’s surface by measuring distances from the satellites.  After the launch of different other 
satellites such as GLObal NAvigation Satellite System, BeiDou Navigation Satellite System, 
Galileo, Quasi-Zenith Satellite System, and Indian Regional Navigation Satellite System,  
Global Navigation Satellite System (GNSS) is used as a generic term for satellites that provide 
autonomous positioning around the globe.  GPS is divided into space and ground segments.  
Furthermore, ground segments can be divided into control and user segments (Fig. 4).

3. Application of RS and Geospatial Technologies for SDGs

 The fundamental component of sustainable development is accomplishing social and 
monetary means to improve human personal satisfaction while monitoring and overseeing 
common assets.(2)  Sustainable applications of RS and a geospatial information system for Earth 
observation (EO) have become more essential in understanding the ecological, environmental, 
hydrological, geological, and physical characteristics of Earth surfaces for the SDGs.  The 
data and applications will play a major role in strengthening the capacity of national statistical 
offices and data systems to ensure access to high-quality, timely, reliable, and disaggregated 
data as SDGs focus on developing countries, particularly African countries, least developed 
countries, small island developing states, and landlocked developing countries.  
 RS provides unbiased information, whereas GIS plays an important role in the decision 
support system for spatial analysis and the database management of natural resources.  
Although RS and GIS were long prevalent since the beginning of maps, the era of satellite RS 
began after the successful launch of Sputnik 1, the first artificial satellite of the former Soviet 

Fig. 3. (Color online) GIS and data layers from the real world. (Source: https://ethiopia-gis.nrel.colostate.edu/gis.
php)
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Union, on October 4, 1957.(3)  Since then, many remote sensors with different capabilities have 
been providing revolutionary scientific insights on Earth’s surface for various purposes.  RS 
provided regional and global perspectives that helped in identifying, understanding, and solving 
environmental problems on a whole different level.  Recent improvements in remote sensors 
include the launching of satellites with higher frequency and higher resolution images in terms 
of spectral, radiometric, and spatial extents than earlier satellites.
 One of the best examples is the Landsat mission.  Landsat satellites have provided satellite 
imagery of Earth’s surface through its sensors since 1972 when the real application for public 
welfare began.(4)  Beginning with the Landsat-MSS data with a 60–80 m spatial resolution 
and four spectral bands spanning from green to near-infrared in the early seventies, natural 
resources scientists had access to Landsat-TM data with a 30 m spatial resolution and seven 
spectral bands spread over between blue and thermal infrared regions of the electromagnetic 
spectrum in the early eighties, which helped further refine and generate thematic information for 
larger areas.  By 2013, the program had launched eight satellites (and is currently working on the 
ninth expected in 2023) with ever-stronger capacities as can be seen in its basic specifications.  
Today, Landsat 8 circles 438 miles above Earth and completes 14 orbits per day, recording 
115-mile-wide swaths with each 99 min orbit.  It uses infrared sensors to yield 400 scenes daily 
and produces a full Earth scan every 16 days.(5)  Owing to the consistent, cross-calibrated set 
of records,(6) Landsat imagery has maintained a tradition of mapping and monitoring many 
research studies in agriculture, disaster, forest, and vegetation, hydrology, land use/cover change.(7)  
Furthermore, high-spatial-resolution satellites, such as Sentinel, SPOT, RapidEye, ALOS, 
Worldview, GeoEye, KompSat, SkySat, TripleSat, and Pléiades, have supplemented the effort of 
generating information on natural resources in recent years.  The addition of fine spectrums to 
form hyperspectral sensing has opened opportunities to diagnose and refine finer information 

Fig. 4. Segments of GPS. (Source: https://sites.google.com/site/rembeet/summersemester2013/digital-
communication-systems-elec675/class-work/11-gps-study-referene-material)
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on natural resources.  Similarly, microwave remote sensors open a whole new dimension to 
explore in EO, which is not affected by weather conditions, and overcome the issue faced during 
smoke, haze, and cloud cover for optical sensors.  The polarimetric images generated from 
microwave energy with different polarizations provide further insight into the structure and 
flouristics of vegetation, soil properties, and parent material.  Furthermore, radar interferometry 
is yet another tool that enables DEM generation, which allows monitoring glaciers, volcanic 
eruption, mine subsidence, mud slips, and so forth.  A new generation of satellites such as 
the Suomi-NPP Visible Infrared Imaging Radiometer Suite (VIIRS), is providing a global 
measurement of nocturnal visible and near-infrared light that is suitable for Earth science and 
climate studies.  Such data helps in monitoring both the magnitude and signature of nighttime 
phenomena and the anthropogenic sources of light emissions such as tracking shipping and 
fishing vessels, and flaring of waste natural gas, in addition to their application to humanitarian 
efforts, such as the assessment of conflict-associated demographic changes and mapping 
impoverishment.(8–10)

 Other forms of data collection are from GNSS measurement.  Although started by the USA, 
many countries now have their own constellation and provide multifrequency data.  The growth 
of the geospatial industry is also due to the readily available GNSS technology that gives a 
precise location at a higher speed.  The technology is used in a small smartwatch as well as big 
airlines to navigate.  For a higher precision, regional augmentation systems such as the Wide 
Area Augmentation System in North & South America, the European Geostationary Navigation 
Overlay Service in Europe, the GPS-aided GEO augmented navigation in India, and the Multi-
functional Satellite Augmentation System in Japan are also in use.  These systems provide data 
necessary for the safe navigation of aircraft, drones, and autonomous vehicles.  Besides this, 
GNSS observation is used for monitoring atmosphere and landslides, structure deformation, and 
precision agriculture.(11–15)

 The data generated by RS and GPS are integrated with various spatial and nonspatial 
attributes in the GIS so that they can be useful in an action plan/developmental plan for 
sustainable development.  The variety of applications depends on the kind of information 
a community needs, depending on goals such as mapping resources, modeling pollution, 
managing water, traffic or sewers, and predicting disaster to reduce risk and develop resilience.  
TIGER, which stands for Topographically Integrated Geographic Encoding and Referencing, 
is a typical example of GIS.(16)  It has a data and map format developed by the US Census 
and Geological Survey incorporating land attributes (roads, buildings, water, and political 
and administrative boundaries) that can serve as the base for overlaying demographic data 
for various applications.(16,17)  Such a system facilitates spatial analysis to see through the 
complexity and interrelated nature of the SDGs.
 In recent years, geospatial data have become a more relevant and important factor, 
contributing directly and indirectly to the development of countries.  Thus, with these RS and 
geospatial technologies being adopted, policymakers, such as ministries, can make decisions 
on land management, mining, forestry, agriculture, water resource management, environment, 
and urban development.  A sample study from Namibia shows that Earth-observation-based 
results represent a high potential to supplement the national statistics for Namibia or to serve as 
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primary data sources once validated through ground-truthing.(18)  In the context of the SDGs, 
the following discussions are some of the applications of RS and geospatial technologies.
 Poverty is one of the major hindrances for development and sustainability.  Different 
communities require different approaches to uplift them.  Remotely sensed satellite data along 
with the integration of advanced machine learning methods have been able to map as well as 
predict poverty on a global scale.(19–21)  Indicators such as night lights,(22) deforestation,(23) and 
environment(24) recorded with satellite imagery help reveal the distribution of poverty and its 
relationship with other factors such as food and health.(25,26) 
 Food is a major fuel that drives human resources.  The second SDG is zero hunger for 
which enough crops need to be produced worldwide.  RS technology helps not only in mapping 
and estimating crop yields but also in the overall suitability for crops based on geo-climatic 
parameters.(27–31)  Furthermore, the microlevel implementation of geospatial tools is mainly 
carried out for mapping groundwater resources, drainage patterns, variable rate application, 
and management of fertilizers, pesticides, and insecticides.(32,33)  In general, high-resolution 
satellites of smaller size seem to contribute more to the local level, whereas mid-resolution ones 
give regional- or continental-level understanding.(34,35)

 The geospatial analysis was adopted early in public health to map the cholera outbreak and 
pinpoint the source.  Aside from the geospatial analysis based on various geospatial variables, 
very high resolution satellite imagery has also been used in the fine-scale mapping of vector 
habitats and their surveillance for elimination.(36)  Investigations on the geographic distribution 
and modeling of diseases based on their geospatial characteristics have shown links to poverty.(37)

 Vector-borne diseases are highly interrelated with clean water and sanitation management.  
As SDG No. 6 focuses on water quality and sanitation, RS techniques have been applied to 
surface water mapping and monitoring changes,(38–40) and mapping and monitoring changes in 
water quality parameters(41,42) in regional and long-term cases.(43,44)  Special research initiatives 
such as the Sentinel-1 Program for water management in low-income countries have been used 
to explore the performance and opportunities provided by the European satellite Sentinel-1 for 
water resource management applications.(45)  Andres et al. reviewed various approaches that can 
be used to support and achieve water and sanitation targets.(46)

 Although every developed country is pushing zero emission mandates to mitigate climate 
change, RS along with geospatial analysis can explore potential for solar and wind energy sites.(47,48)  
Furthermore, national-scale studies could identify high-priority investment opportunities for 
clean energy.(49,50)  Bosch et al. have presented the global onshore and offshore wind energy 
potentials with respect to topographical features, land use, and environmental constraints.(51,52)  
 SDG No. 8 is about taking action to eradicate forced labor and end modern slavery and child 
labor.  With the help of RS observations, a modern form of slavery could be traced to industries, 
countries or regions, and this evidence can be applied in prevention and eradication actions.  
Some of the examples are mapping industries such as brick kilns, mining, crop harvesting, 
and fishing or fish processing.(53–55)  In some cases, mapping environmental destructions such 
as pollution, encroachment, and deforestation also relates the environmental relationship with 
modern slavery.(56)
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 Recently, spatial information has become increasingly important as a key factor leading 
the Fourth Industrial Revolution.  The establishment of high-precision spatial information 
is essential in informed decision-making, impact assessments, and better monitoring, 
and for achieving productivity and efficiency gains across all professional user domains, 
namely, architecture, engineering and construction, agriculture, urban planning, defense and 
intelligence, agriculture, natural resources, disaster management, and so forth.  These are 
promoting the competitiveness of new growth industries, and guidance information is becoming 
an essential element in promising future industries such as O2O services that combine online 
and offline, digital twins, and so forth.  According to the GeoBuiz Geospatial Industry Outlook 
& Readiness Index 2019, the geospatial industry was valued at an estimated US$ 339.0 billion in 
2018.  The cumulative geospatial industry is projected to reach US$ 439.2 billion by 2020.  This 
growth is due to the adoption of advanced technologies such as unmanned aerial vehicles (UAVs), 
Internet of things (IoT), and artificial intelligence (AI) for emerging market segments of smart 
cities and immersive reality [3D, augmented reality (AR), virtual reality (VR), digital twins] 
applications, and resultant innovative business models.(57)

 Collectively with satellite and ground sensors integrated with geospatial technologies, 
complex components of cities can be monitored for their sustainability.(58,59)  High-resolution 
satellite or aerial imageries can provide a plan view of the cities and can be used to map urban 
metrics.(60–62)  In a more integrated approach, RS imagery has been used in extracting and 
updating transportation networks,(63–66) buildings,(67–70) and impervious areas(71–74) providing 
land use/cover data and biophysical attributes,(75–77) and detecting urban growth and sprawl.(78–80)  
Some works have used census data to improve image classification in urban areas(81–83) or 
integrated with RS to estimate population and residential densities,(84–88) in order to assess 
socioeconomic conditions,(89,90) and evaluate the quality of life.(91–93)  In addition, thermal 
sensors have also been used in understanding surface urban heat islands, which are a major 
indicator of sustainability.(94,95)  These approaches guide efforts to minimize the damage that 
urban growth has on the environment and thus help in building smarter and more sustainable 
cities.
 The core idea of the integrated sensor is for measuring different environmental parameters 
(e.g., water level, air temperature, air moisture, wind speed, and soil moisture), answering 
user-specific questions and deriving new information rather than merely concatenating 
sensor information.  This information can also be shared with the help of WebGIS.(96–98)  
Blaschke et al. provided a comprehensive review of integrating geospatial technologies to 
understand urban systems with the help of various sensors.(99) 
 To maintain sustainability, responsible consumption and production are very important.  
RS has been long helpful in monitoring the overexploitation of forest, grassland, water, and 
other natural resources.(100–103)  Much of the SDGs cross paths and support each other.  For 
a sustainable environment, climate needs to be also monitored in addition to Earth’s surface 
resources.  A good understating of climate science, which provides reliable data on, for example 
temperature, precipitation, wind, soil moisture, or ocean conditions, as well as assessments, 
projections, scenarios or vulnerability, and risk analyses, is essential for various sectors.(104)  
Although both optical and microwave RS systems are used in monitoring climatic factors, 
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geospatial technologies such as Google Earth have been used in web-based visualization.(105–107) 
 The water ecosystem plays a major role in balancing Earth’s ecosystem.  Measuring the 
sea temperature, monitoring the coastal eutrophication level, and tracking plastic debris in 
the sea should be constantly carried out.  Satellite images have not only been used in mapping 
sea surface temperature but also assessing the potential for seagrass thermal dynamics.(108,109)  
Similarly, chlorophyll-a, which directly regulates the eutrophication process, can be monitored 
using satellite imagery.(110,111)  Major plastic pollutants, which form debris, have also been 
extracted from satellite images, and an observation system based on tracking from satellite 
imagery has been proposed.(112,113)

 SDG No. 15 is aimed to protect, restore, and promote the sustainable use of terrestrial 
ecosystems, sustainably manage forests, combat desertification, halt and reverse land 
degradation, and halt biodiversity loss.  As stated above, RS provides ground truth evidence on 
what is happening with the land surface.  A major indicator in a land surface is forest cover.  It 
changes with respect to the total area change and the proportion of land degraded over the total 
area of land should also be known for SDGs.  These can be carried out through mapping land 
cover changes using EO data.  Having the advantages of large spatial and temporal coverages, 
the high standardization of data production, and frequent updates at a high reliability and a low 
cost, open EO solutions are very important for mapping these SDG indicators.(18)  On the basis 
of estimated natural resources loss, restoration action can be taken.(114–116)  Although satellites 
have been improved, their temporal resolution and availability are still a challenge in monitoring 
fast changes.  In recent years, UAVs have been extensively explored for environmental 
monitoring, management, and evaluation.  They have significant impacts on the temporal and 
spatial resolutions of data at a more cost-effective price than traditional monitoring practices.  
Thus, they have been widely used for data collection in the monitoring of biomass, forests, and 
vegetation.  
 The last two SDGs are promoting peace and partnership to strengthen sustainable goals.  
Human and environment are interconnected; countries are also interrelated with one another.  
The Himalayas from Nepal provides fresh water to India and Bangladesh, the Amazon forest 
extends across various countries in South America and supports them, and cargo vessels in the 
sea cross different international borders.(117–119)  Thus, stakeholders should adopt collaborative 
measures for the conservation of natural resources and the prevention of natural disasters.
 Besides the above-mentioned applications in SDGs, there are several studies that focus on 
a specific topic of geospatial technology.  A booklet published by the Group on EO and the 
Committee on EO satellites highlights the potential role of EOs particularly in supporting 
the global indicator framework for SDGs.(120)  Anderson et al. reviewed the key role that EOs 
play in achieving the SDGs as articulated in the 2030 Agenda document and in monitoring, 
measuring, and reporting progress towards the associated targets.(121)  Maso et al. have provided 
a study with a more detailed link between RS data and essential variables for SDGs.(122)  
Similarly, Holloway and Mengersen(2) reviewed statistical machine learning methods and RS 
for SDGs.  Furthermore, applications and reviews on the technology for SDGs can be found in 
various publications.
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4. Opportunities and Challenges

 In the future, the growth of emerging technologies such as AI, Digital Twins, VR, IoT as 
well as participatory sensing and humans-as-sensors (crowdsourcing, VGI, and citizen science) 
will change the way we think, live, and work.  Geospatial data and technology will be integrated 
with emerging technologies to advance new tools for sustainable development and regional 
decision support systems.  These big-data-driven algorithms and apps will be more contextual 
than ever, combining users’ habits and preferences with situations and locations, to provide 
smart notification services and location-aware virtual assistants that seamlessly follow users 
as they roam between different environments and devices.  Geospatial and RS data will help in 
providing real-time integration, quality checking, and location-enabled data analysis.
 A huge amount of data arises from an almost continuous stream of diverse sources such as 
in situ sensor measurements, EO data, and projection data.  Integrated new technology can be 
used in various fields for facilitating tasks and decision-making.  One example is the use of AR 
and geospatial technology in historical places to augment the knowledge of tourists and to make 
an impression on users with the new technologies.  The advantages of adopting the technologies 
are multilanguage support, easy understanding, mobility, and maintenance.
 Nonetheless, with advancing technology, there are still challenges and limitations in using 
geospatial technologies in future works.  Challenges are related to the RS data itself that is 
continuously produced by many RS satellites as well as various ground sensors.  The data must 
deal with sensor calibration, data quality, privacy and uncertainties, download, interoperability, 
processing, and visualization.  In the case of processing RS data, although many studies have 
improved accuracy, classifications remain a major challenge, owing to the (a) complexity of the 
environment, (b) limitations of image processing techniques, and (c) complexities and nuances 
in integrating or fusing multisource data.(123)  Spectral uncertainties such as water with shadow, 
bare soil and/or dry mud with impervious surfaces are also issues in land cover/use mapping.  
Furthermore, the concentration of diverse built-up materials in a small area results in pixel 
generalization, eventually leading to classification errors, which can be particularly problematic 
when working with low-resolution images.  Many of these efforts have relied upon custodial 
GIS, and most of these base maps were limited to two-dimensional representations, with 3D 
functionalities being limited to a narrow set of applications.(99)  Multidisciplinary approaches 
in RS can be introduced for a better and deeper understanding of human-environment 
interactions.  The increase in the amount of data will require an increase in the data processing 
power of hardware for processing high data volume and increasing the capacity of servers.  
New technology requires highly skilled manpower in IT and geospatial sectors.  Another major 
challenge will be to produce enough new manpower as well as train those who are using the 
traditional method to cope with new technologies.(124)  Furthermore, these technologies are 
constantly changing and improving, making it even more difficult for practitioners to track 
updates about potential uses and applications.
 Although developed countries have resources and data, many developing countries face 
major challenges owing to the availability of timely and accurate location data, the lack of 
skilled manpower, and limited awareness about these technologies among environmental 
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decision/policy makers and their prospective users.  Despite the tremendous potential geospatial 
technologies offer, there are still fears among traditional practitioners in developing countries.  
Thus, the lack of budget to fund the adoption of these technologies is another major challenge.  
These countries and regions are those that are most affected by global environmental changes 
and must be encouraged to achieve global sustainability.
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