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Sentinel-2 is ESA's medium spatial resolution (10–60 m) super-spectral instrument aimed at ensuring data

continuity for global land surfacemonitoring of Landsat and SPOT. Several simulation studies have been conducted

that show the potential of Sentinel-2 for estimating biophysical and biochemical parameters such as leaf area

index, chlorophyll and nitrogen, and spectral products such as the red edge position and NDVI time series,

providing data continuity for a number of other operational sensors. This paper aimsat simulating Sentinel-2 prod-

ucts that are relevant to the geology and soil science community and we compare these to well established band

ratio products fromASTER. As the basis for the simulationwe use airborne hyperspectral imagery from theHyMAP

sensor which were spectrally and spatially resampled to the resolutions of ASTER and Sentinel-2 using actual

spectral response functions and pixel aggregate, respectively. The simulated image products demonstrate a good

correspondence between ASTER and Sentinel-2 VNIR and SWIR bands. A number of band ratios are proposed

for Sentinel-2 to derive the following products: ferric iron, ferrous iron, laterite, gossan, ferrous silicate and ferric

oxides. These are compared to established band ratios of real ASTER data as well as simulated (from HyMAP)

ASTER data and they correlate favourably. Investigating the spatial patterns reveals that there is a good match

between the proposed Sentinel-2 band ratio products and those of ASTER. The resulting band ratio products are

compared to the local geologic map of the imaged hydrothermal area (the Rodalquilar mining area, Cabo de

Gata volcanic field, SE Spain). It is shown that they support the existing conceptual geologic model of the

epithermal deposit.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

The European Commission (EC) and the European Space Agency

(ESA) in a consorted effort to address issues related to the monitoring

of the environment have established the European Earth Observation

programme Copernicus, previously known as the Global Monitoring

for Environment and Security (GMES). The space component is a

number of satellite missions conveniently labelled Sentinel 1 up to 5

(Berger, Moreno, Johannessen, Levelt, & Hanssen, 2012). The Sentinel-2

mission is a medium spatial resolution, super-spectral instrument

with a large field of view (290 km), a high revisit capability (5 days

with two satellites), a high resolution (10 m, 20 m and 60 m) and a

moderately large band set (13 spectral bands) aiming to provide global

land coverage. The mission ensures continuity of the SPOT and Landsat

missions and provides operational products such as land-cover maps,

land change detection maps, and geochemical/physical variables

(Drusch et al., 2012). In preparation of the Sentinel-2 image products

to become available a number of simulation studies have been conducted

to explore the potential of Sentinel-2 for a variety of land surface

parameter estimations including Leaf Area Index (Atzberger & Richter,

2012; Richter, Atzberger, Vuolo, Weihs, & D'Urso, 2009; Richter, Hank,

Vuolo, Mauser, & D'Urso, 2012), chlorophyll and nitrogen epclevers

2013, biophysical parameters (Frampton, Dash, Watmough, & Milton,

2013; Verrelst et al., 2012), and the red edge position (Clevers &

Gitelson, 2013; Delegido et al., 2013). In addition, a study has been

performed on the NDVI time series continuity of Sentinel-2 for a number

of other operational sensors including the National Oceanic and

Atmospheric Administration (NOAA)/Advanced Very High Resolution

Radiometer (AVHRR9), Landsat 7 Enhanced Thematic Mapper Plus

(ETM+), Satellite Pour l'Observation de la Terre VEGETATION1 (VGT1),

the Moderate Resolution Imaging Spectroradiometer (MODIS), and

Medium Resolution Imaging Spectrometer (MERIS) (D'Odorico,

Gonsamo, Damm, & Schaepman, 2013). Outside the realm of physical

variables, the application of Sentinel-2 has been tested for water quality

studies (Salama, Radwan, & van der Velde, 2012) and for mapping of

coral reef (Hedley, Roelfsema, Koetz, & Phinn, 2012). A comparison of

Sentinel-2 and ASTER bands with concurrent satellite sensors is shown

in Fig. 1. Based on the spatial and spectral characteristics proposed for

Sentinel-2 and its similarity to Landsat ETM, SPOT and to a lesser extent

ASTER, there seems to be great potential of developing products that

can be used for the geology community. However, currently this is

outside the aim of the Sentinel-2 mission and no study has been

conducted to address the use and usefulness of Sentinel-2 for geology.

It is precisely this we aim to achieve with this paper.
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Problem
Iron is the 4th most common mineral in the earth crust and is 
essential for plant growth. Remote sensing is the only suitable 
tool for surveying iron repeatedly and worldwide.

Opportunity
Sentinel-2 has multiple bands that allow mapping of iron oxide 
minerals.

Results
Sentinel-2 mineral maps are not as spatially contiguous as e.g. 
hyperspectral data from AVIRIS, but there is potential to map 
important Minerals such as hematite, goethite and jarosite.

Sentinel-2 multi-spectral
AVIRIS hyperspectral 

Challenge
extent to continental-scale and validate results.

Sentinel-2 for mapping iron oxide minerals on a continental scale
Harald van der Werff and Rob Hewson    

University of Twente
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Abstract: Sentinel-2A MSI is the Landsat-like spatial resolution (10–60 m) super-spectral instrument

of the European Space Agency (ESA), aimed at additional data continuity for global land surface

monitoring with Landsat and Satellite Pour l’Observation de la Terre (SPOT) missions. Several

simulation studies have been conducted in the last several years to show the potential of Sentinel-2A

MSI (MultiSpectral Instrument). Now that real data are available, the first confirmations of this

potential and comparisons with other operational systems are being made. This paper aims at

evaluating Sentinel-2A MSI band ratio products that are relevant for geological remote sensing.

A Sentinel-2A MSI and a Landsat 8 OLI (Operational Land Imager) scene were processed from their

respective levels L1C and L1T to level L2A (bottom of atmosphere reflectance). Then, three band

ratios originally defined for Landsat TM (Thematic Mapper) were used to map mineralogy

associated with a hydrothermal alteration system in southeast Spain. The results obtained

with Sentinel-2A MSI were compared with those obtained with Landsat 8 OLI and a simulated

Sentinel-2A MSI dataset that was used before actual data were released. Results show that the

images appear similar to the human eye having a correlation of approximately 0.8 and higher,

but that the associated data ranges differ significantly. The resulting products are also compared

to a published geologic map of the study area, and it is shown that the resulting maps correspond

with the conceptual geologic model of the epithermal deposit.Keywords: Sentinel-2A MSI; Landsat 8 OLI; geology; alteration; band ratios; simulation; Cabo de

Gata; Rodalquilar

1. Introduction
The European Commission (EC) and European Space Agency (ESA) established the European

Earth Observation programme Copernicus for monitoring of the environment. The space component

of this programme consists of five missions: Sentinel 1–5 [1]. These missions are to provide routine

observations for operational Copernicus services and data continuity for already operational satellite

systems [2]. Sentinel-2 carries a super-spectral imager with 13 bands covering the Visible and Near

InfraRed (VNIR) and ShortWave InfraRed (SWIR) wavelength region. The spatial resolution of these

bands is 10–60 m and has a coverage between −56 and +84 degrees latitude with a 290 km swath

width. The minimum revisit time at the equator is 10 days for Sentinel-2A, which will decrease to

five days when both planned imagers are operational [2]. When combined, the Sentinel-2A MSI

(MultiSpectral Instrument) and Landsat 8 OLI (Operational Land Imager) sensors will provide a

10–30 m multi-spectral global coverage approximately every three days [3]. The Sentinel-2A satellite

was launched on 23 June 2015 and the first scenes were delivered a few days later [4].

The potential of Sentinel-2A MSI encompasses a wide range of applications [5]. Based on

simulated datasets, several data exploitation methods have been published in the preparation for
Remote Sens. 2016, 8, 883; doi:10.3390/rs8110883
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Abstract: Iron is an indicator for soil fertility and the usability of an area for cultivating

crops. Remote sensing is the only suitable tool for surveying large areas at a high

temporal and spatial interval, yet a relative high spectral resolution is needed for mapping

iron contents with reflectance data. Sentinel-2 has several bands that cover the 0.9 µm

iron absorption feature, while space-borne sensors traditionally used for geologic remote

sensing, like ASTER and Landsat, had only one band in this feature. In this paper, we

introduce a curve-fitting technique for Sentinel-2 that approximates the iron absorption

feature at a hyperspectral resolution. We test our technique on library spectra of different

iron bearing minerals and we apply it to a Sentinel-2 image synthesized from an airborne

hyperspectral dataset. Our method finds the wavelength position of maximum absorption

and absolute absorption depth for minerals Beryl, Bronzite, Goethite, Jarosite and Hematite.

Sentinel-2 offers information on the 0.9 µm absorption feature that until now was reserved

for hyperspectral instruments. Being a satellite mission, this information comes at a lower

spatial resolution than airborne hyperspectral data, but with a large spatial coverage and

frequent revisit time.

Keywords: Sentinel-2; Hymap; iron absorption feature; mineralogy; soils; hyperspectral;
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