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Abstract

Satellite imagery is an important information source for research on remote sensing (RS)-
based humanitarian applications. The selection of satellite imagery is one of the most
important steps for such research. This paper firstly shows the selection of satellite imagery in
past research from 2015 to 2021. It can be found that most research on land cover and land
use (LCLU) change caused by conflicts orrefugees/internally displaced persons (IDPs) chose
medium spatial resolution (MSR) imagery. Most research on dwelling detection of
refugee/IDP camps applied high or very high spatial resolution (HSR/VHSR) imagery. There is
much research that applied multiple types of satellite imagery for humanitarian applications.
Then, the paper presents general characteristics of commonly available optical satellite
imagery. Next, with the development of sensors, this paper suggests that data fusion of SPOT-
5 and Sentinel-2 may be helpful in LCLU change detection caused by refugees/IDPs or
conflicts. Smallsat imagery may be promising for research on humanitarian applications that
require a high temporal frequency of imagery.
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1 Introduction

Remote sensing (RS) technology has assisted humanitarian aid applications for the past few
decades (Lang & Fireder, 2015). During a crisis, critical information for planning humanitarian
operations, such as population in need and their spatial distribution, is usually hard to access
by fieldwork (Witmer, 2015). Therefore, the major role of RS is to provide such information
for users to support their humanitarian operations in hard-to-reach areas (Voigt, Schoepfer,
Fourie, & Mager, 2014). Satellite imagery is a central information source for RS-based
humanitarian applications. With the fast development of satellite sensors, more and more
satellite imagery has become available. This paper firstly reviews the selection of satellite
imagery in past research for humanitarian applications. Then it presents the latest collection
of optical satellite imagery and discusses under-explored satellite imagery that may be beneficial
for future research.
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2 The selection of satellite imagery in past research

Different crises can result in different impacts on the ground with different spatial and
temporal scales (Witmer, 2015). The selection of satellite imagery for different crises requires
considering characteristics of both crises and imagery (Marx & Goward, 2013). Table 1 lists
common research topics and the selection of satellite imagery from the most literature
published from 2015 to 2021. The satellite imagery in Table 1 includes four categories that are
optical imagery, synthetic-aperture-radar (SAR) imagery, nighttime light imagery, and the
combination of multiple types of imagery. General characteristics of imagery, such as spatial
resolution and revisit days, could be found in Table 2. Explanations of abbreviations in Table
1 and Table 2 could be found in Table 3.

Table 1: The selection of satellite imagery in past research

Type

Research topic

Sensors

Reference

Optical
satellite
imagery

LCLU change caused
by refugee/IDP
camps

Quickbird, WorldView-
2, Pléiades-1A

(Rossi et al., 2019)

SPOT-4, IKONOS,
QuickBird

(Sprohnle, Kranz, Schoepfer,
Moeller, & Voigt, 2016)

Sentinel-2

(Bernard, Aron, Loy, Muhamud,
& Benard, 2020)

Landsat-5, Landsat-7,
Landsat-8

(Alayyash, 2017; Hossain,
Labib, & Patwary, 2018; Lu,
Koperski, Kwan, & Li, 2020;

Quinn et al., 2018; Ren, Calef,
Durieux, Ziemann, & Theiler,
2020; Rossi et al., 2019)

MODIS

(Maystadt, Mueller, Van Den
Hoek, & Van Weezel, 2020)

Vegetation cover
and urban LST
change caused by
the influx of

Landsat-5, Landsat-8

(Rashid, Hoque, Esha, Rahman,
& Paul, 2021; Shatnawi & Abu
Qdais, 2019)

refugees/IDPs
QuickBird, WorldView- (Tiede, Krafft, Flreder, &
2 Lang, 2017)
WorldView-3 (Ghorbanzadeh, Tiede, Dabiri,
Detecting Sudmanns, & Lang, 2018)

dwellings of
refugee camps

GeoEye-1, Pléiades-
1A

(Jenerowicz, Wawrzaszek,
Krupinski, Drzewiecki, &
Aleksandrowicz, 2019)

WorldView-2

(Lu et al., 2020)

GeoEye-1, WorldView-2

(Ghorbanzadeh, Tiede, Wendt,
Sudmanns, & Lang, 2021)

Dwelling
infrastructure
change detection
for refugee/IDP
camps

GeoEye-1, QuickBird,
Worldview-1,
Worldview-2,
Worldview-3

(Tomaszewski, Tibbets, Hamad,
& Al-Najdawi, 2016)
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Sentinel-2,
(Worldview-2 and
WorldView-3 used for
comparison)

(Wendt, Lang, & Rogenhofer,
2017)

LCLU change caused
by conflicts/wars

Sentinel-2

(Hassan, Smith, Walker, Rahman,
& Southworth, 2018)

Landsat-5, Landsat-8

(Al-husban & Ayen, 2020)

Pléiades-1A, Landsat-
8, Landsat-5

(Aung, 2021)

Village burnings

CubeSat 3U (Planet

caused by (Marx, Windisch, & Kim, 2019)
. Dove)
conflicts/wars
Satellite-derived
drought indicators MODIS (Enenkel et al., 2016)

for humanitarian

applications
Refugee camp sizes
and their ALOS-2, TerraSAR-X, .
environmental RADARSAT -2 (Trinder, 2620)
impacts
ALOS PALSAR, ALOS-2,
Environmental (Landsat-7 and

change around

Landsat-8 used for

(Braun & Hochschild, 2017)

SAR refugee/IDP camps comparison)
B . ) (Braun, Lang, & Hochschild,
ERS-2, Sentinel-1 2016)
Impacts of refugee . (Braun, Hoser, & Delgado
camps on land Sentinel-1
X Blasco, 2020)
surface elevation
Change detection TerraSAR-X (Braun, 2020)
of refugee camps
(Coscieme, Sutton, Anderson,
Detecting areas DMSP-OLS Liu, &’Elvidgej 2017)
Nighttime under conflicts DMSP-OLS, VIIRS (Jiang, He, Long, & Liu, 2017)
11dghtt City light
products dynamics of human .
settlements during DMSP-OLS, VIIRS (Li, Li, Xu, & Wu, 2017)
conflicts
Land cover
classification Sentinel-1, Sentinel-
around refugee/IDP 2 (Braun et al., 2016)
camps
Combination Detecting WorldView-2, (Sprohnle, Fuchs, & Aravena
of multiple dwellings of TerraSAR-X Pelizari, 2017)
t%?éilﬂf refugee camps Pléiades, TerraSAR-X (Sprohnle et al., 2017)
satellite
: ALOS-2, Sentinel-1, (Braun, Fakhri, & Hochschild,
imagery
) SRTM 2019)
Environmental Sentinel-1, Sentinel-
changes caused by i (Fakhri & Gkanatsios, 2021)

refugee/IDP camps

Pléiades-1A, VIIRS

(Aung, Overland, Vakulchuk, &
Xie, 2021)
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Dwelling
destruction caused
by conflicts/wars

GeoEye-1, WorldView-

2, QuickBird (Knoth & Pebesma, 2017)
)

Detecting

anomalous fire and MODIS, VIIRS,
destroyed Sentinel-1 (Ren et al., 2020)
settlements

Analyzing hazards .

and risks around Landsat-8, SRTM (Ahmed, Firoze, & Rahman,

refugee/IDP camps 2020)

Based on summarization in Table 1, there are some common rules for selecting satellite
imagery for humanitarian applications. Firstly, most research on LCLU change detection
caused by the influx of refugees/IDPs or conflicts typically selected MSR satellite imagery.
The selection is mainly because LCLU change detection usually requires large spatial scales
and long-term series imagery. Landsat-5, together with Landsat-7 and Landsat-8, can provide
long-term series imagery from 1984 until now. Thus, Landsat imagery is widely used for such
research. Though in many cases, the performance of Sentinel-2 is better than Landsat imagery
in LCLU classification (Sekertekin, Marangoz, Akcin, & Faculty, 2017). Sentinel-2 imagery is
not broadly used for such research, possibly due to its short archived history. Most research
on dwelling detection of refugee/IDP camps selected HSR/VHSR satellite imagery. Due to
the small sizes of refugee/IDP camps, MSR imagery usually cannot capture details of
dwellings. The applications of optical imagery usually are hacked by cloud covers. SAR
imagery can reduce the influences of cloud covers and, thus, also plays a vital role in
humanitarian applications (Braun et al., 2016). In recent years, the combination of optical
imagery, SAR imagery, together with other data, has been paid more and more attention. These
studies aim to make use of the advantages of different imagery to improve the performance of
RS-based humanitarian applications.

3 Under-explored satellite imagery for humanitarian applications

In the past few decades, the development of satellite sensors is quite fast. Table 2 presents the
general characteristics of currently common optical satellite imagery that may help researchers
select the imagery for related research quickly.

In 2014, CNES announced that SPOT archive imagery older than five years is open for non-
commercial purposes (Witmer, 2015). It may be valuable to combine satellite imagery from
SPOT-5 (starting from 2002 to 2015) and Sentinel-2 (starting from 2015 until now) for LCLU
change detection caused by refugees/IDPs or conflicts. The fusion may outperform Landsat
imagery due to higher spatial resolution. Up to now, no similar studies have combined these
two datasets specifically for LCLU change detection for humanitarian applications.

As shown in Table 2, the revisit days of several satellites can be within one day. Among them,
SkySat and Jilin-1-Smart video can revisit the same location more than 5 times per day. This
very high temporal resolution may be helpful for humanitarian applications, especially for
emergent situations such as earthquakes and flooding. Compared to other traditional satellites,
the size of these satellites is usually much smaller. Thus, they are called small satellites
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(smallsats). Usually, the cost of smallsat imagery is lower than other traditional commercial
satellite imagery such as WorldView (Datta, 2018). Currently, only one research on RS-based
humanitarian applications used smallsat imagery (Planet Dove). It is proved that the smallsat
imagery has high potentials for long-term monitoring of village burning in Myanmar (Marx et
al., 2019). Hence, smallsat imagery may be valuable for research on humanitarian applications

that require a high temporal resolution.

Table 2: General characteristics of common optical satellite imagery (European Space Agency, 2021)

Spatial resolution /

m and Spectral

Provider Sensor information Red‘;j;:t Availability
PAN RGB+NIR
IKONOS 0.8 3.2 3 1999-2015
QuickBird 0.6 2.6 3 2001-2015
GeoEye-1 0.5 1.8 3 2008-now
Digital WorldView-1 0.5 2 2007-now
Globe
WorldView-2 0.5 0.5 2 2009-now
WorldView-3 0.3 1.2 1 2014-now
WorldView-4 (GeoEye-2) 0.3 1.2 <1 2016-2019
Pleiades-1A, 1B 0.5 2 <1 2011-now
SPOT4 10 20 2 -3 1998-2013
CNES SPOT5 2.5-5 10 2 -3 2002-2015
SPOT6 1.5 6 1 2012-now
SPOT7 1.5 6 1 2014-now
skysat (1,2,3,4,5,6,7) 0.8 1 / tdiamyes/ 2013-now
Planet
Lab PlanetScope 3 1 2009-now
RapidEye (1,2,3,4,5) 5 5.5 2008-2020
DSC TripleSat 0.8 3.2 1 2015-now
CAST Gaofen-2 0.8 3.2 5 2014-now
Jilin-1-Optical 0.7 2.9 3.3 2015-now
cGsT Jilin-1-Hyperspectral 5 2 -3 2019-now
Jilin-1-Smart video 1.1RG(BO)n1y timi;;day 2017-now
ESA Sentinel-2 10 5 2015-now
Landsat-5 T™ 30 16 1984-2013
Landsat-7 ETM+ 15 30 16 1999-now
NASA
Landsat-8 OLI-TIRS 15 30 16 2013-now
MODIS 250/500/1000 1-2 1999-now
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Table 3: Explanations of abbreviations

Abbreviation Explanation
CAST China Association for Science and Technology (China)
CGST Chang Guang Satellite Technology Company (China)
CNES National Centre for Space Studies (France)
DSC Dhawan Space Centre (India)
e pefense eteorological rograr
MODIS Moderate Resolution Imaging Spectroradiometer
PAN Panchromatic
SRTM Shuttle Radar Topography Mission
RGB+NIR Red, Green, Blue, Near-Infrared
VIIRS Visible Infrared Imaging Radiometer Suite

4 Conclusion and Outlook

This paper first presents satellite imagery selection in numerous research on RS-based
humanitarian applications from 2015 to 2021. It can be observed that MSR satellite imagery is
usually selected for LCLU change detection caused by conflicts or refugees/IDPs. For
detecting dwellings of refugee/IDP camps, most research chose HSR/VHSR satellite imagery
due to the small size of camps. In addition to optical imagery, SAR imagery also plays an
important role in humanitarian applications. Recently, quite a lot of research combined
multiple types of imagery to explore more possibilities of improving RS-based humanitarian
applications. Then, this paper displays some general characteristics of current optical satellite
imagery, as shown in Table 2. This summarization may help researchers have a quick
understanding of existing optical satellite imagery, and thus, be helpful for related research. At
last, with some latest development in satellite imagery, the paper provides two suggestions for
future research. The first suggestion is to combine SPOT-5 and Sentinel-2 data to create a
long-term-series dataset that may help LCLU change detection for humanitarian applications.
The second suggestion is considering smallsat imagery that usually has a lower cost and a
higher temporal resolution. The smallsat imagery may be helpful for research or applications
that require very high temporal frequency, such as natural disasters.
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