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The global community faces fundamental challenges related to natural resource management,
particularly in low and middle income countries. Increasing populations and changing
climate exacerbate the challenges of food security, water, and environmental management and
sustainability faced by rural communities, cities, and governments alike. Sound environmental
and risk management decisions must often be made with incomplete or inadequate information,
particularly in the developing world. However, Earth Observations (EO) can bring objective data
to developing-country land-users, land managers and policymakers by addressing key information
gaps through consistent and repeatable observations (Zell et al., 2012) and through capacity
development efforts (Kumar et al., 2020).
Technological innovations and proactive EO agendas developed by space agencies around the
world are helping (Brown et al., 2013). In the United States, for example, the prioritization of key
EO science and applications in the recent National Academies decadal survey (National Academies
of Sciences, Engineering, and Medicine, 2019) will ensure continuity of orbiting sensors that
measure critical Earth system parameters. Similarly, the European Space Agency’s Copernicus
program (Brachet, 2004) makes high quality and up to date satellite data freely available, and
consequently the use of these data is expanding rapidly. There is an explosion of active, ongoing
research in the US and in the developing world that can directly translate into working theories and
operational systems for developing countries. Ensuring alignment between the research community
and decision makers, and orienting the latest science from the United States to help solve
local/regional problems, has been the primary objective of the NASA Applied Sciences Program
(Friedl, 2017). The purpose of the articles in the Special Topic “Operational Earth Observation
for Sustainable Development and Risk Reduction in the Developing World” is to focus on the
challenges and solutions for use of EO data for actionable decision making around the world,
particularly in developing countries.
SERVIR is a joint initiative of NASA and the U.S. Agency for International Development
(USAID) which fosters applications of EO to help developing countries assess environmental
conditions to improve planning and management interventions. Working with regional technical
organizations (“regional hubs”) around the world, SERVIR aims to improve resilience and
sustainable resource management at local, national, and regional scales through the increased use of
Earth Observations, Earth science, and technology. SERVIR hubs have regional mandates to work
with national governments of their member countries, thus promoting strong pathways between
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FIGURE 1 | Geographic regions and primary countries served by the five SERVIR regional hubs.

impact. The paper by Thapa et al. documents the steps involved
in engaging relevant communities to define their needs and
design appropriate EO applications. Saah et al. provide a specific
example of the user engagement process during development of
land cover mapping tools for diverse users in the Mekong Basin
and Hindu Kush-Himalaya regions.
Several papers focused on use of EO as inputs for hydrological
modeling applications. Purdy et al. focused on the use of EO for
analysis of groundwater dynamics and agricultural sustainability
in Bangladesh. Nelson et al. and Alcantara et al. demonstrate
the utility of cloud-based hydrological modeling systems for
stream-flow and flood prediction, with a focus on the transfer
of model outputs into actionable information for regional and
local decision makers. Sikder et al. analyze the impact of EO
inputs, land surface model, and river routing schemes on riverflow predictions in the critical Ganges-Brahmaputra and Mekong
river basins of South and Southeast Asia. Oddo and Bolten
demonstrate that the integration of satellite data into a flood
modeling system for the city of Bangkok, Thailand can be of
immense value in potential lives and property saved through
shorter emergency response times. Phongsapan et al. explore the
utility of satellite data and improved hydrological forecasting for
flood risk reduction in Myanmar.
An analysis by Spruce et al. for the Lower Mekong Basin
revisits the difficult process of land use and land cover (LCLU)
classification, particularly in the context of temporal analysis
of change, where classification errors in individual time-periods
can be compounded in change analysis. The LCLU maps made
available for the region are important for a variety of EO
applications, including hydrological and agricultural monitoring
and modeling. Poortinga et al. analyzed long-term land cover

EO-based solutions and policy makers. SERVIR hubs are active
in five regions (Figure 1), including Eastern and Southern
Africa, the Hindu Kush Himalaya (HKH), lower Mekong, West
Africa, and most recently in Amazonia. SERVIR focuses on four
themes: land use, land cover, and ecosystems; food security and
agriculture; water and related disasters; and weather and climate.
For the land cover theme, SERVIR has ongoing activities in
all regions, to strengthen the capacity of regional partners to
link the latest science to promote sustainable use of natural
resources. In agriculture, SERVIR promotes EO-based crop
monitoring technologies to better analyze and predict food
security conditions. Connecting satellite-derived rainfall and
other datasets helps SERVIR improve the capacity of countries
to forecast streamflow and identify regions where water-related
disasters can occur. Weather and climate activities inform the
other themes in ensuring the latest and robust availability
of weather information, in addition to short- and long-term
weather forecasts.
Articles in this Special Topic introduce a range of EO-based
approaches for monitoring natural resources, risk, and disaster
analysis and prediction in SERVIR regions of Africa, HimalayaHindu Kush, and Southeast Asia. These include the use of EO
for hydrological monitoring, drought and flood prediction, land
use, land cover and agricultural monitoring, and invasive species.
Several papers focused on emerging remote sensing technologies
with applications in less developed regions, while others focused
on applications and stakeholders from local (village) scale to
national, regional, and global scales.
Two papers focus explicitly on the critical phases of
stakeholder engagement during design, development, and
implementation of EO applications to enhance relevance, use and
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One paper in this Special Topic, by Flores-Anderson et al.
examined the critical, but less well-known, potential to use
hyperspectral imagery for lake water quality assessment. While
the review paper by Leibrand et al. examines how satellite data
can contribute to all aspects of planning and management of
rural electrification, renewable and sustainable energy planning
and management.

estimates for Vietnam, together with national agricultural yield
statistics, to suggest significant increases in agricultural yield
(per unit area) with relatively little change in total cropland
area. Tiwari et al. presented methodologies using Earth Engine
and satellite data to map irrigated and rain-fed wheat in
Afghanistan, providing a tool for crop area estimation critical
for yield forecasting and food security planning in remote
regions. Analyses of this type can contribute significantly to
understanding the spatial and temporal dimensions of land
use and food insecurity in low income and often remote
rural communities.
Three studies focused on rangeland monitoring. Ndungu
et al. outline a comprehensive EO tool for rangeland monitoring
tailored to stakeholder needs at local and regional scales in
East Africa. The Rangeland Decision Support Tool provides
easy access to satellite-based vegetation indices that can be
integrated with ancillary GIS datasets specific to the needs
of local communities and range managers. Anchang et al.
developed a work-flow for mapping woody canopy cover using
Google Earth Engine, local field data and expertise, machine
learning, and data from the Sentinel satellites for Senegal,
West Africa. The cloud-based computing approach reduces
the computational barriers often faced by the EO community
in countries with relatively poor internet bandwidth, and is
a tool available for local calibration and application in other
regions. Meanwhile, Ouko et al. demonstrated an approach
to mapping and modeling invasive plants in the ecologically,
economically, and culturally valuable rangelands of East Africa,
using cell-phone based citizen scientist inputs on invasive
plant locations, satellite, and GIS data, to map the presence
and spread of invasive species. This study focused on an
invasive shrub (Acacia reficiens) and prickly pear (Opuntia
spp.), but similar approaches could be adopted in other regions
where invasive plants are impacting ecosystem integrity and
rural livelihoods.

CONCLUSION
The studies in this Special Topic share a major common theme—
the use of EO to facilitate improved decision making by land
users and managers at local, national, and regional scales. The
value of EO for decision making in land cover monitoring,
agricultural assessments, or streamflow predictions is high,
given the spatial continuity, and the temporal return frequency
afforded by space-based platforms. That value is particularly
critical in developing countries where EO information is
sometimes a key source for decision makers. Responsiveness
to the specific needs of different stakeholders, based on local
economic, cultural, and environmental conditions is especially
important, because EO applications then have a higher chance
of achieving real impact for local land users or via sustainable
policy interventions. The result is a diversity of individual
strands (approaches) to EO-informed solutions and it is up to
scientific communities, such as SERVIR, to weave those solutions
together in the hope and anticipation that these approaches will
be replicated in other parts of the world. The scalability and
replicability of activities in a global program such as SERVIR is
critically dependent on these individual efforts. This compilation
of articles provides greater insight into some of those activities.
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