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Abstract This practical paper gives an overview about Widely unusegotential of
radar satellite imagery to assist humanitariaction It briefly introduceghe basic
differences between optical and radar images and demonstrates the practical use
of the latterin different settingsased on their information content and their
potential for multitemporal analysedt givesreading recommendatiorsdcloses
with suggestions on the practical integration of radar data into humanitarian work.
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1 INTRODUCTION

Techniques of earth observatibave become increasingialuablefor humanitarian work
because they assist thatrieval ofinformationrequired for decision makindpothin cases of
emergencies and for the lotgym support of people in ne@dang et al., 2015)Theyallow to
collect consistentdata of large areaswhich is especially important when tlubserved
phenomena rapidlghangeover time andwhensystematic monitoringnd data colleabin in
the fieldaretime-consuming, expensive evendangerousBut while the visual interpretation
anddigital analysis of images from optical satellites (as known from Google,Earégxamplég

is already part of many working routineshumanitarian I&Os,the role of radar imagesssll
neglected(Braun and Hochschild, 2017bYet, they offer capabilities which make them
attractive for the humanitam domainThis paper introduces radar images as a potential source
of information in this fieldand gives examples on poten@glplicationdo stimulatets uptake
into operational routines and to initiate further indésciplinary discussiongEach section
closes with a short list of referendes further reading.

2 BENEFITS OF RADAR IMAGES FOR HUMANITARIA N WORK

One of the main barriers which prevéimé transfer ofadar data into humanitarian practgme

far is the fact hat most studiegublishedare technicallyoriented and aim at scientific novelty.
However, what i;mieededo highlight their use and applicabiliye case studies and practical
examples Therefore, the following section will highlight the benefits of radar data for
humanitaran work while focusing on the practical use, hopefully creating a basis for
conversations and discussions between scientists and experts from the humanitarian field.
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2.1 Basic principles and specifications

Radar satellites s en dofamagnnnayesThdsesighals eonsisiaof t h 6 s
microwaves which penetrate cloud cover and are independent from daylight, which allows
reliable image acquisitiorfor emergency responsad a constant monitoringf an area at

regular intervals. However, the iges do not show natural colours but the intensity of the
returned signal which is determined by the physical characteristics of a suréaces(
roughness, moisture, material, size, structame orientation). That means radar images can be

used to idetify structures which are not visible to the human eye or only at little contrast.

Sentinel-2 (single optical image) Sentinel-1 (single radar image) Sentinel-1 (multi-temporal radar image)
red: 2016, green: 2017, blue 2018

Figurel: Comparison between optical (left) and radar (middle and right) satellite images

Figure 1 demonstrates how radar images are sensitive to different surface charactéristics
shows the area of Dadaab, Kenyecluding the refugee camps of Dagahaley,aifal I1fo2, as
shown by optical (left) and radar (middle and right) satelliBegth are of the same spatial
resolution (pixel sizef 10 metey and freelyaccessible within the Copernicus Programme of
the European Space Agen@schbacher, 200)7The builtup areahave similar colour tones

as the braided river system in the northeast and the shrublandssouthevesin the optical
image (bluish greywhile theyare visiblemore cledly in the radar image (middle) because the
horizontal structures of the buildings and their solid construction matestalse(andoartly
metal) cause high radar backscatter intenitythermore, the open areas in the centre of the
scene and the riveystem reveal more variation in the radar image caused by different levels
of soil compaction and moistur€igure 1 also shows that the building structure of Ifo2 is
different because itonsists of light tents with a more regular structure.



The image on the right consists of three images acquired at differestitheolours attached

to it (red 2016 green 2017 blue 2018). This form of additive colour mixing allows the
identification of temporal dynamics within one imd@eatty, 1983)For example, it highlights

the camp extension of Dagahaley after 2017 and the increasing soil compaction around Ifo2.
How the nformation contentf radar images can contribute to humanitarian waskwell as

their potential for temporal analysese demonstrated at more detail in the following sestion

As a firstreadingrecommendation, a compact and nicely illustrated introduction to radar
remote sensing is given Mjoreira et al(2013) It uses comparably simple language to outline
the technique and possible applications.

2.2 Information content

As shown in the previous example, radar images are suitable to highlight buildings and urban
structures, for example to estimate the number of people inAgesdggested by thidandbook

for Emergenciepublished by théJnited Nations High Commissiontar RefugeefUNHCR,
2007)satellite images allow to assess the number of people in need by assessingstbt area
their camps or by counting their dwelling® giveanother visual exampl&jgure2 shows a

small part of the area of Kutupalong in Bangladesh in a veryrdeigdution radar image. It

was acquired by the sensor TerraSKRit a spatial resolution of arour centimetres and
impressively illustrates the change in landcover between 30 September and 27 December 2017.
During that period, over 65000 refugees crossed the border to Bangladesh to seek shelter from
violent persecution in Myanmar, leading to enormous growth of the fdMiCR, 2017)

30 September 2017

27 December 2017

g

Figure2: Radar image of Kutupalorggefore(left) and aftefright) thearrival of 650.M0 refugees.

Themapsdocumenthe construction of new shelters (rectangular bright shapes) in a previously
forestcovered area (darker areas), as well as the development of a network of paths (black
lines). However, it also demonstrates the downsidesdair images. The level of detail is often
lower than of optical images of same resolution because oflkesegatterns caused by signal

3



interference( c al | ed 0§ s hee ectkal., ed949e Adfliteallyp white linear features
(mostly ranging from north to south) caused by steep slopes can make the visual interpretation
difficult for people with little knowledge of the area. Lastly, small dwellings constructed from
light or naturalmaterials are sometimes hard to identify because they cause lesser radar
backscatter. Still, observations like tlsisntribute to a bett understandingfa@amps andhe
dynamics of displacement, ahdlpto assess the need for action..

While built-up obgcts are bright in radar images, water bodies are mostly black because only
a small share of the signal is reflected back to the sehba.is of great advantage for the
mapping of surface wateas a resourcdut also for the assessment of natural fesz&igure

3 shows how emergency response can be assisted by radar imatienya webbased
platform Cyan colours indicate flooded areas derived f@entinell data. As these images

are openly availabe within a few hours after acquisition, such maps can be utilized for
evacuationplanningand the management of logistics. This is especially valuable because
flooding isgenerallyaccompanied by thick cloud cover and optical data cannot benased
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Figure3: Identification of flood extents (black and cyan) in Mozambique in March 2019 apan
andweb-based image processing platfofiBraun, 2019a)

Another example on the increased information content of radar images isrghigure4. It

shows the nomad city of Kidal in eastern Mali and its surroundings. Many of the landforms and
subsurface structures cause variations in backscattesitytevhich can then be used to identify
structures, such as geological faults (as indicators for groundwater storage in crystalline
basements), or buried channels which potentially carry water which can be extracted from more
shallow depths. Especiallyghareas and shapes of the wadis are clearly visible in red. The
comparison with the geological map of this arémre4 right) shows that the variations in

radar backscatter intensity also correspond to the different geological formations which are
furthermore useful for hydrological reconnaissafidese indications were partly provable by
in-site geophysical measureme¥s&anden Borre, 2011)For instance, different backscatter
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mechanisms retrieved from the radar images correlated with the depth of the wadis and the
porosity of their sedimentén the shown case study, two areaxevsuggested-{gure4 left,

green rectangles) as new drilling sites for water extraction based on the analysis of

measurements and interpretation of satellite d&taup, 2019pchapter 3.3.2}However, it has

to be denoted that such recommendations twalve validated in the field. At the time of writing

no information was available to the author if drillings were conducted at these locations and if

the wells produced the expected amount of water. Only if such information is reported to the

analysts, exgting approaches can be optimized and transferred into operational routines.

Sentinel-2 (optical image) Sentinel-1 and ALOS-2 (radar images) Geological Map
red: HV, green: HH, blue: VV Iarization

KRR n-\‘{; ";_v'.v Vi

Figure4: Comparison of optical (left) and radar (middle) image for structural mapping and
groundwater exploration.

Reading ecommendations

1 Practical aspects on the visual interpretation of radar images of refugee camps were
demonstrated ian online document published Bgtrium (2011)using the example of
Dadaab in Kenya, a region hosting more thanBBDdisplaced persons.

1 It wasshownby Braun(2019b)that freely available Sentindldata can be used to map
rural settlementwhich were required foraccination campaigns in Guinea. Using radar
images resulted in nearly the same number of identified settlements than using optical
imagery whichis often inconsistent regarding time of acquisition and image quality.

1 The capabilities of microwaves to penetrate dry soils were already exploited in a
humanitarian setting bgouchardy(2005)who used radar images to identify moisture
variations in sediments in the Darfur crisis le@ate water resources, thus ditéy
assisting the UNHCR with their planning and relocation of refugee camps.

1 As one of the firstyWegmiiller et al(2002)mention the benefits of radar data for rapid
mapping, hazarchapping and thematic mapping in a humanitarian context.



2.3 Data continuity and time-series analyses

Because of their independency from daylight or cloud cover, operational radar satellite missions
deliver usable images at constant intervals. This malees threliable source of information
overlongerperiods and allows to understand things that happened in thepaking back

allows toidentify the point in time when a specific event happened, for example when a
building was demolished~{gure5) or a certain area was floodefidure 6). These sorts of
information are important for the management of caamgbthe planning aheir supply and
furtherhumanitarian logisticdlowever, all of these interpretations require aater@mount of
onsite validation to ensure that the information which is retrieved for entire camps is not biased
by false interpretation of specific patterns. Unfortunately, humanitarian workers engaged in
refugee camps are often busy with more impot&sis, such as the provision of food and basic
medical servicegBraun, 2019h) Methods have to be esfished for continuous and time
effective feedback, for instance facilitated by mobile devices, as propos¥dhély et al.
(2016)

Figure5: Changes in camp Dagahaley visualibgdacolour composite (red: 08une 204, green: 30
June 2Q4, blue: 10March 2d5). Left: Demolished (red and green) and newly constructed (blue)
buildings. Middle: Logging of treesutside the camp. Right: Expansion of the cafBpaun, 2019h)

Another advantage of archived imagethe possibility to assess the situation of an area before

a disaster has occurred and compare it to adisaster image, as it was done in the flood
mapping example irrigure 3. This is applicable for natural hazards (earthquakes, floods,
landslides), but also to systematically track ecosystem changes related to displaced persons.
This is important to estimate the velocity of land degradation, the capacity of tecosyand

the sustainable development of host commun{tiesobsen, 2002)n the example given in
Figure7 landcover changes were assessed based on radar data at regular intervals for the area
of Kutupalong (the case introduced in section 2.1) to measure the expansion of the camp and
the retreat of forests. Due to pronounced rainy seasons, suclr tagelaeries analyses are

not possible based on optical data. It is therefore important to develop routines based on radar
images before an emergency occurs, so that the required information can be extracted within a
short time, thus enabling fast respens






