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Given the similarities in their instrumental characteristics, a comparative analysis 
was conducted between hyperspectral missions of PRISMA, operated by the 
Italian Space Agency (ASI), and EnMAP, developed by the German Aerospace 
Center (DLR). This work investigates both the similarities and discrepancies 
between these two satellite optical data, providing an outline of the spectral 
regions where data from both sensors can be reliably interchanged. The analysis 
was performed by analyzing the full visible and near-infrared (VNIR) spectrum and 
by examining selected spectral ranges sensitive to key environmental parameters, 
such as nitrogen dioxide, chlorophyll and NDVI. A total of 11 PRISMA and EnMAP 
co-located hyperspectral image pairs acquired across different seasons over the 
Euro-Mediterranean region were analyzed, focusing on representative land cover 
classes (bare soil, vegetation, urban areas and waters). Preprocessing steps were 
applied to standardize the acquisition viewing geometries, and the top of 
atmosphere (TOA) level of products from the two sensors were used to avoid 
inconsistencies introduced by atmospheric correction schemes adopted by each 
operating agency. Overall, the quantitative and qualitative assessments confirm a 
strong correspondence between the PRISMA and EnMAP hyperspectral 
measurements across the VNIR spectrum, with SAM always below 0.1 rad. 
However, the statistical analysis reveals relatively low consistency between the 
two sensors for the vegetation sensitive spectral window (750–940 nm), where 
larger deviations are observed with STD of 0.067 and SAM of 0.097, while the NO2 

spectral range (420–500 nm) shows lower SAM of 0.048 and STD of 0.045.
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1 Introduction

Over the last decades, hyperspectral remote sensing has become increasingly important 
for environmental monitoring due to its ability to detect subtle spectral signatures with high 
precision. By providing detailed spectral information, hyperspectral observations enable 
accurate material identification and quantitative assessment, thereby supporting effective 
management of natural resources (Rajabi et al., 2024). Hyperspectral sensors acquire data 
across hundreds of contiguous, narrow spectral bands, capturing variations in the 
interaction between surface materials and electromagnetic radiation in accordance with 
the principles of spectral analysis (Zdravcheva, 2019).

In the field of optical earth observations, hyperspectral instruments offer continuous 
spectral coverage without gaps, enabling a comprehensive representation of environmental 
features from the perspective of electromagnetic radiation (Stuart et al., 2019). The 
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contiguous spectral content derives a large variety of applications in 
remote sensing across different environmental sectors, including 
atmospheric trace gas retrieval, agriculture and soil monitoring, and 
the characterization of inland and coastal waters (Cheng et al., 2025). 
Furthermore, hyperspectral mission datasets bridge the gap between 
localized field observations and the coarser spectral sampling of 
multispectral satellite observations, facilitating the integration of 
multi-scale datasets (Stuart et al., 2019).

The earliest hyperspectral observations were conducted from 
airborne platforms (Calin et al., 2021). Since 1987, the Airborne 
Visible/Infrared Imaging Spectrometer (AVIRIS) instrument, 
developed by Jet Propulsion Laboratory (JPL), has been deployed 
on various aircraft, acquiring adjacent images in 224 spectral 
channels (Green et al., 1998). Other airborne programs equipped 
with hyperspectral cameras, such as HyMap (Kruse et al., 2000), 
DLR HySpex (Baumgartner et al., 2012) and ESA-APEX 
(Schaepman et al., 2015), have demonstrated the importance of 
using high resolution spectral information. Spaceborne 
hyperspectral missions soon followed, starting with the Hyperion 
Imaging Spectrometer aboard EO-1 satellite, launched in early 
2000by NASA (Pearlman et al., 2003). Since then, technological 
advancements have enabled the installation of hyperspectral 
cameras on satellite platforms, resulting in a series of missions, 
including DESIS by DLR launched in 2018 (Krutz et al., 2019); 
Gaofen-5 by the CHEOS launched in 2018 (Liu et al., 2019); HySIS 
by ISRO launched in 2018 (Mahalingam et al., 2019); PRISMA by 
ASI launched in 2019 (Candela et al., 2016); HISUI by METI 
launched in 2019 (Iwasaki et al., 2011); EnMAP by DLR 
launched in 2022 (Kaufmann et al., 2005) and EMIT by NASA 
launched in 2022 (Green, 2022). Also significant to mention is the 
near future of hyperspectral missions, such as ESA’s CHIME 
satellite, scheduled for launch in 2028, which will expand the 
actual Copernicus constellation, ensuring high spectral resolution 
and 11 days of revisit time (Nieke et al., 2023). The main advantage 
of using hyperspectral imaging sensors on spaceborne instruments 
still stays in the consistency of acquisition properties, relying on 
acquisition angles, constant georeferencing and repeated revisit 
time. In addition, these sensors can also support more 
sophisticated spectral-spatial models, resulting in more accurate 
image segmentation and classification (Qian, 2022) and 
improving performances in parameters predictions, providing in 
this way an important advantage for optical satellite analysis, if 
compared with multispectral sensor alternatives (Zandler 
et al., 2015).

This study focuses on two hyperspectral satellite missions, 
PRISMA (PRecursore IperSpettrale della Missione Applicativa) 
and EnMAP (Environmental Mapping and Analysis Program), 
which present comparable designs in terms of spatial and 
spectral resolutions (Caporusso et al., 2020; Carmona et al., 
2024). Their technical similarities make them suitable for 
analogous applications and facilitate synergistic analyses. The 
PRISMA mission is a precursor designed for optical Earth 
observation and innovative environmental monitoring, developed 
by Italian Space Agency (ASI) and released in 2019. The mission 
acquires and delivers hyperspectral and panchromatic images to 
support a variety of remote sensing applications, including resource 
management, environmental monitoring, and disaster management 
(Loizzo et al., 2018). Similarly, the EnMAP mission, managed by the 

German Aerospace Agency (DLR) and launched in 2022, builds 
upon the scientific and technological heritage of the DESIS mission 
(Habermeyer et al., 2024). EnMAP supports a wide variety of 
applications in agriculture, forestry, water quality management, 
and geology by enabling detailed monitoring, characterization, 
and parameter extraction for vegetation, soil, and inland and 
coastal waters on a global scale (Stuffler et al., 2009). Both 
missions aim to provide high spatial and spectral resolution data 
with consistent temporal coverage to support a wide range of 
environmental applications. Given their overlapping operational 
objectives and characteristics, evaluating the potential 
complementarity of these two sensors requires a rigorous analysis 
of their spectral characteristics to identify cross-sensor consistencies 
and systematic offsets.

Despite this potential, only a limited number of studies have 
evaluated the consistency between the hyperspectral imagery 
provided by these two sensors (Canero et al., 2024). Existing 
assessments are mainly constrained by localized validation using 
in situ measurements collected during dedicated field campaigns 
(Musacchio et al., 2024; Rasooli et al., 2024). While such studies 
demonstrate the quality of individual sensor products, they do not 
fully account for the variations encountered across different biomes 
and atmospheric conditions. Consequently, comprehensive satellite- 
based intercomparison is essential to better understand the 
collective exploitation of the PRISMA and EnMAP missions for 
global environmental monitoring.

To assess the functional operability of the data from these two 
sensors, evaluations also over specific environmental sensitivity 
domains were performed where the interoperability of the two 
hyperspectral cubes can represent an interesting aspect. 
Specifically, atmospheric nitrogen dioxide (NO2) was selected 
being a valuable parameter, given its established significance in 
air quality monitoring. Recent studies demonstrated that its 
absorption signatures within the VNIR spectrum can be resolved 
using high resolution hyperspectral retrieval algorithms (Borger 
et al., 2025; Manago et al., 2018; Liu et al., 2022). In addition to 
atmospheric variables, chlorophyll (CHL) absorption windows were 
integrated into the analysis. This parameter benefits from an analysis 
in the hyperspectral VNIR spectrum, since its multiple absorption 
channels give greater spectral detail and can profoundly enhance the 
accuracy of the chlorophyll estimations (Giardino et al., 2024; 
Saberioon et al., 2023). Finally, the spectrum similarity between 
PRISMA and EnMAP was also compared within the VNIR 
absorption range of vegetative areas, and to achieve this, the 
Normalized Difference Vegetation Index (NDVI) was introduced. 
It accurately quantifies the spectral response of various plant crops, 
and it also serves as a robust proxy for characterizing and mapping 
heterogeneous non-vegetated backgrounds, such as urban 
environments (Leitão et al., 2015; Plajer et al., 2023; Im and 
Jensen, 2008).

2 Materials and methods

PRISMA and EnMAP missions were both designed to provide 
globally hyperspectral observations guaranteeing a high-quality level 
of spectral information and further ensuring global coverage. Data 
from these missions are distributed under open access licenses 
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within research oriented frameworks and the chance to use them for 
commercial purposes is also expected under the current policies 
established by the two space agencies (Italian Space Agency, 2024; 
The German Aerospace Center, 2025). Each satellite carries an 
imaging spectrometer, covering the Visible to ShortWave 
InfraRed (VNIR-SWIR) spectral regions with hundreds of 
contiguous bands. In the case of PRISMA, it also presents a 
panchromatic band, with 5 m of GSD, which the EnMAP 
satellite is not equipped with (Guarini et al., 2018). Table 1
summarizes the main technical characteristics of the missions, 
highlighting the principal sensor features (Musacchio et al., 2024; 
Guarini et al., 2018).

As previously introduced, hyperspectral sensors consist of 
acquisition of a series of images in many adjacent narrow 
spectral bands, and the precise characterization of spectral 
configurations is fundamental to understanding the comparative 
performance of high resolution spaceborne hyperspectral missions. 
The central wavelength coincidences for the PRISMA and EnMAP 
missions are not valid for every channel in the VNIR and SWIR 
spectrum, even though there are several regions of perfect overlap 

(Chakraborty et al., 2024). Figure 1 shows the distribution of spectral 
bands for the range of the VNIR spectrum, spreading from 400 to 
1,000 nm, where numbers indicate individual band indices, 
highlighting the variation in band density and sampling intervals 
between the two systems.

The mismatched number of channels present in the VNIR 
interval, 63 for PRISMA and 91 for EnMAP, can lead to 
differences related to the abundance of spectral information that 
each hyperspectral satellite provides. Furthermore, a discrepancy is 
highlighted in the extremities involved as observation ranges, 
considering that PRISMA presents the first band with a central 
wavelength equal to 402 nm, while EnMAP presents it at 418 nm; 
and ending channels, before accessing the SWIR hyperspectral cube, 
are set at 972 nm for PRISMA and 993 nm for EnMAP. As shown, 
PRISMA distributes 63 bands across the VNIR interval, resulting in 
a slightly broader spectral sampling in the lower visible ranges. 
Conversely, EnMAP utilizes a higher density configuration of 
91 bands, giving narrower spectral sampling interval that yields 
finer resolution across identical wavelengths. Despite these 
differences, no spectral resampling was performed in this study. 

TABLE 1 Main technical, instrumental and operational characteristics of the hyperspectral spaceborne missions PRISMA by ASI, Italy and EnMAP by DLR, 
Germany.

Satellite properties PRISMA EnMAP

Operator Italian Space Agency, ASI German Aerospace Center, DLR

Launch date 22 March 2019 1st April 2022

GSD 30 m 30 m

Revisit Time 29 days 27 days

FWHM VNIR 9–13 nm 8.1 ± 1.0 nm

SWIR 9–14.5 nm 12.5 ± 1.5 nm

Channels VNIR 63 91

SWIR 171 133

FIGURE 1 
Graphical representation of the spectral channels from PRISMA (top) by ASI and EnMAP (bottom) by DLR for the VNIR spectrum range, according to 
the numerical progression provided by each satellite agency.
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Instead, the original bandwidths and center wavelengths of both 
PRISMA and EnMAP were preserved to maintain the native spectral 
characteristics of each sensor and avoid introducing artificial 
smoothing effects. Keeping the spectral channels in their original 
form allowed for a direct assessment of the actual spectral content of 
the two data cubes and for establishing robust cross-calibration 
frameworks between the two platforms.

Spectral similarities between the hyperspectral cubes of the two 
sensors were assessed relying on two mains statistical approaches. 
Firstly, the Standard Deviation (STD) Difference was utilized to 
measure differences in spectral variability and to quantify variations 
in the absolute magnitude and data dispersion across the spectral 
bands. In Equation 1 the computation of the STD conducted for 
each cube is shown (Martinez and Bartholomew, 2017): 

STD �

�����������

􏽐
N

i�1 Ri − R̄( 􏼁
2

N− 1

􏽳

, (1)

where Ri is the reflectance value of a single band, R̄ is the average of 
reflectances over N samples, which represent the total number 
of channels.

In addition, the Spectral Angle Mapper (SAM) was introduced, 
being widely used to measure spectral similarity between two 
images, as it computes the angle between two spectral vectors 
typically representing reflectance (or radiance) values for the 
same target observed by different sensors or under different 
conditions (Yang et al., 2008). Equation 2 shows the computation 
of SAM, expressed in radians, after normalization of the shapes of 
the two vectors: 

SAM � arccos
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where RPRISMA and REnMAP represent the reflectance values of the 
two cubes and N is again the total number of spectral bands. A linear 
interpolation to align the EnMAP data with the PRISMA bands was 
performed, guaranteeing both arrays match perfectly in size.

2.1 Study areas

The selection of the study areas was driven by strict 
spatiotemporal matching criteria, limiting data collection to 
image pairs that exhibit geographical coincidence coverage and 
temporal concurrence. This approach minimizes differences in 
acquisition settings in terms of atmospheric, weather and solar 
zenith angle conditions (Adachi et al., 2019).

In addition, to maintain comparable observation conditions 
only pairs of scenes showing minimal cloud, haze, dust, smoke, 
fog or shadow noises were retained for analysis. All selected images 
are located within the geographical area of the Euro-Mediterranean 
region, which allows for focusing on both terrestrial and aquatic 
regions and thus making the comparison of the hyperspectral 
information valid for a wider variety of background conditions. 
The involvement of multiple land cover types gives the chance for a 
more comprehensive evaluation of spectral response characteristics 
across heterogeneous surfaces. Collection of matching areas begins 
from January 2023 with the presence of both PRISMA and EnMAP 
sensors being in orbit, fully operative and properly calibrated, and it 
ensures a time frame between the two acquisitions inferior to 1 h for 
the selected cases, as per Table 2. Figure 2 shows locations of each 
pair of acquisitions across the entire area under analysis.

2.2 Data preprocessing and correction

To avoid additional interference introduced by atmospheric 
correction algorithms, the analysis was conducted using Level-1 data 
from both PRISMA and EnMAP. These data contain calibrated 
radiance measurements at the top of atmosphere, prior to any 
atmospheric correction or surface reflectance conversion (Giardino 
et al., 2020; Brell et al., 2024). The use of Level-1 TOA data is 
motivated by the need to minimize inconsistencies associated with 
sensor-specific atmospheric correction algorithms, which may 
introduce systematic differences and affect the robustness of cross- 
sensor comparisons. By using TOA level spectral data, both 
hyperspectral datasets are evaluated under more consistent physical 

TABLE 2 Matching satellite pairs categorized by acquisition time and geographical reference region. Time frame, expressed in hours, indicates the temporal 
gap between the two acquisitions, and it is calculated by subtracting the passage time of EnMAP, second satellite to acquire in all cases, from the one of 
PRISMA.

Date Area PRISMA acquisition time (UTC) EnMAP acquisition time (UTC) Time frame (h)

2024-01-22 Rieti (IT) 10:07:59 10:30:38 00:22:39

2024-04-03 Valencia (SP) 10:49:16 11:35:51 00:46:35

2024-05-05 Opava (CZ) 09:59:35 10:24:06 00:24:31

2024-05-19 Aix-en-Provence (FR) 10:41:16 11:27:23 00:46:07

2024-12-21 Almeria (SP) 11:06:35 11:29:41 00:23:06

2025-05-21 Madrid (SP) 11:43:26 11:09:06 00:34:20

2025-06-24 Toulouse (FR) 11:24:16 10:54:32 00:29:44

2025-07-07 Sevilla (SP) 12:01:43 11:19:53 00:41:50

2025-08-10 Ceuta (SP) 11:44:11 11:07:01 00:37:10

2025-08-10 Toledo (SP) 11:43:04 11:05:55 00:37:09

2025-08-20 Zealand (DK) 10:59:10 10:34:32 00:24:38
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conditions, reflecting the same surface and atmospheric contributions 
to the original electromagnetic signal. Several previous studies (Pascual- 
Venteo et al., 2024; Hadjal et al., 2022; Cremer et al., 2025) have also 
adopted this approach, avoiding the use of bottom of atmosphere 
(BOA) reflectance products, to ensure cross-sensor comparability. It 
should be noted that consistency observed at the TOA level does not 
necessarily imply equivalent performance in downstream water-quality 
retrieval applications, such as chlorophyll concentration estimation 
since the water leaving radiance represents only a small fraction of 
the total TOA signal and dominant contribution of atmospheric path 
radiance. However, the objective of this study is limited to assessing the 
radiometric and spectral consistency between PRISMA and EnMAP at 
the sensor level. The TOA based framework was intentionally adopted 
to avoid additional uncertainties introduced by atmospheric correction 
procedures, particularly in optically complex coastal and inland waters 
(Hadjal et al., 2022).

To investigate the spectral measurements from different satellite 
sensors, it was also necessary to account for variations in the 
atmospheric light paths, which depends on the viewing geometry 

defined by the relative positions of the sunlight with respect to the 
sensor (Cooper et al., 2020). In this study, no atmospheric correction 
was applied, and surfaces were assumed to be ideal Lambertian 
reflectors, implying isotropic reflection in all directions. Although 
real surfaces exhibit anisotropic reflectance behavior, this 
assumption was used as a standardized baseline to create an 
acceptable comparison framework between the two hyperspectral 
datasets. In addition, the strict temporal constraint ensures 
methodological consistency by effectively minimizing the relative 
variance induced by the Bidirectional Reflectance Distribution 
Function (BRDF) between the two hyperspectral datasets, since its 
effects are primarily driven by differences in the sensors’ design, orbital 
paths, and viewing geometry, then time differences (Farhad et al., 
2020). By setting the acquisition time gap between the observations to 
less than 1 hour (Table 2), the variations in solar geometry are 
constrained and the discrepancies derived by the BRDF effects are 
mitigated between the PRISMA and EnMAP sensor observations. In 
this context, to correct the influence of different path lengths caused by 
variations in viewing geometries, a correction based on the geometric 

FIGURE 2 
Spatial distribution of the acquisition pairs over the Euro-Mediterranean area. Blue tiles indicate PRISMA satellite acquisitions, while green tiles 
indicate the EnMAP ones.
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air mass factor (AMFG) was applied, as defined in Equation 3 (Palmer 
et al., 2001): 

AMFG �
1

cos θs
+

1
cos θv

(3)

where θs stands for the solar zenith angle (SZA) and θv for the 
viewing zenith angle (VZA). These geometric parameters describe 
the interaction between the incoming solar radiation and the 
sensor’s line of sight at the time of image acquisition and vary 
for each individual satellite observation (Fraser et al., 1992).

In principle, a more accurate AMF calculation should include 
the effects of Rayleigh and Mie scattering in the atmosphere and be 
determined using a radiative transfer model that considers viewing 
geometry, surface reflectance, vertical distributions of trace gases, as 
well as cloud and aerosol contributions. However, in this study, only 
the geometric AMF correction to the radiance data from PRISMA 
and EnMAP was applied to mitigate inconsistencies of light paths 
related to viewing geometries. This operation was performed to 
bring the comparison between the sensors to coincide with the same 
viewing geometry, also considering solar position.

The computation of reflectance values was then performed to 
convert radiance measurements into physically meaningful surface 
properties. This allows a quantitative analysis of spectral characteristics, 
with reflectance defined as the fraction of incident solar radiation 
reflected by a surface within a given spectral range (Schaepman-Strub 
et al., 2006). It describes the interaction between electromagnetic 
radiation and the surface, and its spectral variability across different 
wavelengths facilitates the identification and classification of various 
surface features. To derive reflectance from radiance measurements at 
TOA level, the Instrumental Spectral Response Function (ISRF), also 

denoted as the slit function (Beirle et al., 2017), was applied (De Galan 
and Winefordner, 1968). The use of a Gaussian slit function ensures 
that the observed spectral variations are primarily attributed to surface 
properties rather than artifacts arising from sensor spectral response or 
calibration. The formula (Mobley, 1999) for computing Surface 
Reflectance (R) at a specific wavelength (λ) is given by Equation 4: 

R λ( ) �
π * L λ( )

Es λ( ) * cos θs
, (4)

where L measures radiances at a given wavelength λ, expressed in 
W/m2/sr/µm, E is the solar spectral irradiance at the TOA in W/m2/ 
µm, and θs is the SZA in degrees. For the EnMAP dataset, the solar 
irradiance reference spectrum from Fontenla 2011 solar irradiance 
model, implemented in MODTRAN 6.0, was convolved (De Los 
Reyes et al., 2026) to match the instrument’s spectral resolution. 
Conversely, the PRISMA radiance cube was processed using the 
SOLSPEC reference spectrum (Thuillier et al., 2003). The use of 
distinct solar irradiance spectra reflects the respective processing 
chains adopted by the two space agencies, which internally convert 
TOA radiances into reflectance using mission-specific reference 
datasets. The application of the two official Irradiance Reference 
Spectra, defined by the operational teams of the satellites, was 
performed also to assess the interoperability of the reflectance 
product (Level-2), as distributed by the respective agencies. The 
spectral behaviors of the two high resolution irradiance spectra are 
shown in Figure 3, along with their relative differences expressed as a 
function of the wavelength. The spectral range considered in this 
study is the VNIR channel spanning from 400 to 1,000 nm.

For this analysis, the PRISMA hyperspectral cube underwent the 
AMFG correction, while the EnMAP cube was retained in its original 

FIGURE 3 
Comparison of the Solar Irradiance Reference Spectra considered for PRISMA mission (SOLSPEC, in blue) and EnMAP one (MODTRAN6, in green). At 
the bottom of the image, in red, the percentage difference between the two spectra is shown.
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form. For each PRISMA acquisition, a mean value was computed by 
integrating the geometrical angle parameters derived from the 
corresponding Level-2C data products provided by ASI (ASI-Italian 
Space Agency, 2021). This geocoded processing level includes 
additional metadata elements, such as SZA and VZA, together with 
other relevant geometrical orientation attributes. To ensure a robust 
cross-sensor comparison, geometric adjustment applied to the 
PRISMA hyperspectral data was released using Equation 5: 

RPRISMA
′ �

RPRISMA

AMFG,PRISMA

*AMFG,EnMAP (5)

where RPRISMA is the initial TOA reflectance and RPRISMA
′ is the 

final geometric adjusted PRISMA reflectance, used for comparison 
with EnMAP TOA reflectance. The corrected PRISMA cube thereby 
supports a more accurate and unbiased inter-mission comparison 
process, minimizing discrepancies that may appear from different 
sensor specific characteristics.

2.3 Spectral signatures comparison

The spectral analysis was designed on four main land cover 
classes: bare soil, urban areas, vegetation and water bodies. 

These categories were selected for their distinct and recurrent 
spectral signatures, as well as their relevance to environmental 
applications, to ensure comprehensive representation of both 
natural and anthropogenic surface types (Anderson, 1976). The 
inclusion of these specific land covers allows for an extensive 
characterization of spectral behaviors across diverse 
environments; however, not all image pairs include all four 
land cover classes. Complete coverage of the four land cover 
types was available for the scenes acquired over Rieti (IT), 
Valencia (SP), Aix-en-Provence (FR), Madrid (SP), Toulouse 
(FR), Ceuta (SP), Toledo (SP), Zealand (DK).

For each identified class, a subset of 25 contiguous 
representative pixels was selected from the central area of 
homogeneous regions to minimize spectral contamination 
from neighboring surfaces. This sampling approach attempts 
to reduce the effects of mixed or edge-pixels within transitional 
zones, thereby improving spectral uniformity across classes. A 
representative example is presented in Figure 4, where the 
selected regions for each land cover class are shown in 
different colors for the acquisition over the city of Ceuta (SP) 
on 10 August 2025, along with the corresponding alignment of 
PRISMA and EnMAP image tiles. Figures 5, 6 provide zoomed- 

FIGURE 4 
Locations of the areas analyzed for each land cover class in the PRISMA (a) and EnMAP (b) scenes, along with the positioning of acquisition tiles (c) 
over Ceuta (SP) on 10 of August 2025.

FIGURE 5 
Detailed view of the PRISMA acquisition over the selected areas for bare soil (a), urban areas (b), vegetation (c) and water (d).
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in views of the selected study areas for each surface classification, 
respectively for PRISMA and EnMAP.

Spectral comparisons were first conducted across the full VNIR 
spectrum range and subsequently within specific spectral intervals 
relevant to targeted environmental monitoring parameters. Specific 
focus was given to spectral regions associated with key atmospheric 
and biophysical parameters and indices, including chlorophyll 
(CHL), nitrogen dioxide (NO2) and normalized difference 
vegetation index (NDVI). The ability to examine such narrow 
spectral domains is inherently enabled by hyperspectral image 
observations, which provide information at fine wavelength 

increments. In this study, the spectral ranges shown in Table 3
within the VNIR channels were analyzed for the environmental 
parameters mentioned.

3 Results

The results of the spectral comparison were presented as spectral 
signatures to highlight the preliminary similarities and differences in 
the reflectance between PRISMA and EnMAP. For each land cover 
class, the same comparisons were performed to illustrate the 
characteristics of spectral signatures captured by the two 
hyperspectral sensors. Examples of the spectral behaviors for the 
vegetation land cover type are shown in Figures 7–9 for selected 
sample cases.

The reported spectral signatures consistently display the well- 
known reflectance pattern of vegetated surfaces, including the 
pronounced increase in reflectance across the near-infrared 
region, typically between 700 and 900 nm (Hoffer and Chris, 
1969). However, this feature is less evident in several scene cases, 
particularly those obtained over Rieti (IT) on 22 January 2024, 
Valencia (SP) on 3 April 2024, and Almeria (SP) on 21 December 

FIGURE 6 
Detailed view of the EnMAP acquisition over the selected areas for bare soil (a), urban areas (b), vegetation (c) and water (d).

TABLE 3 VNIR spectral ranges observed for the analysis of chlorophyll (CHL), 
nitrogen dioxide (NO2) and normalized difference vegetation index (NDVI), 
according to relevant literature.

Parameter Spectrum 
range (nm)

References

CHL 400–480, 600–700 Zscheile and Comar (1941)

NO2 420–500 Xue et al. (2000)

NDVI 750–940 Fava et al. (2009)

FIGURE 7 
Spectral signature from PRISMA (solid lines with blue shades) and EnMAP (dashed line with green shades) over a vegetated area for the Valencia (SP) 
scene acquired on 2024-04-03. In red the spectral signature obtained averaging reflectance values for all selected pixels.
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2024. These three images correspond to the observations acquired 
during colder seasons, where reduced vegetation vigor and lower 
surface temperatures likely contributed to a weaker NIR reflectance 
response compared to other periods (Akakpo et al., 2025).

The consistency across the different land cover classes between the 
two sensors was further assessed to evaluate overall spectral coherence 
by examining mean reflectance values obtained by averaging the 
25 sampled contiguous pixels belonging to each land class. The 
evaluation was conducted using a scatter plot displaying the 
relationship between the average reflectance derived from the 
PRISMA and EnMAP data, as revealed in Figure 10.

For most scenes, a good coherence is identified between the two 
hyperspectral measurements with a high correlation, showing a total 
R2 equal to 0.981 and indicating then a comparable spectral 
behavior. However, the scenes acquired over Madrid (SP) on 
21May 2025 and Sevilla (SP) on 7 July 2025 show a greater 
deviation. In both cases, the EnMAP reflectance values exhibit a 
systematic increase relative to PRISMA across all evaluated land 

cover classes, with a more evident incidence for the bare soil class. 
The repetition of this distanced behavior across all selected land 
cover classes further supports the assumption that the spectral 
responses recorded by the two satellites in both these scene pairs, 
Madrid (SP) and Sevilla (SP), are slightly uncorrelated. This is 
additionally highlighted by the computed RMSE between the two 
datasets, which exhibit noticeably larger differences, as reported just 
for the bare soil background equal to 0.238 in Madrid (SP) and 
0.263 in Sevilla (SP).

An additional analysis was conducted on selected wavelength 
intervals within the VNIR spectrum in order to identify spectral 
similarities between PRISMA and EnMAP for environmental 
applications. Understanding the behavior of key environmental 
parameters within these targeted spectral ranges is meaningful for 
assessing the compatibility and interoperability of the two 
hyperspectral sensors.

Examination of narrow spectral intervals increases 
sensitivity to discrepancies between different datasets and 

FIGURE 8 
Spectral signature from PRISMA (solid lines with blue shades) and EnMAP (dashed line with green shades) over a vegetated area for the Opava (CZ) 
scene acquired on 2024-05-05. In red the spectral signature obtained averaging reflectance values for all selected pixels.

FIGURE 9 
Spectral signature from PRISMA (solid lines with blue shades) and EnMAP (dashed line with green shades) over a vegetated area for the Ceuta (SP) 
scene acquired on 2025-08-10. In red the spectral signature obtained averaging reflectance values for all selected pixels.
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sensor platforms. However, it should be recalled that PRISMA 
and EnMAP differ in their spectral resolution and band 
configuration, which directly affects comparability within 
restricted spectral windows. The number of spectral 
channels was eventually left unchanged, avoiding further 
modifications to the reflectance cubes, in order to better 
outline the actual spectral significance of each subrange of 
hyperspectral bands. The comparison was then carried out for 
the wavelength ranges sensitive to CHL, NO2, and vegetation 
through the NDVI determined according to the absorption 
characteristics of the respective targets and the specifications of 
the two instruments within the VNIR spectral window, as 
reported in Table 3. Figures 11–13 present the comparison 
of reflectance features for the four corresponding spectral 
windows over the vegetated land cover class derived from 
the two hyperspectral sensors.

Overall, the reflectance from the selected collocated samples 
shows only minor variability between PRISMA and EnMAP. The 
exception is the NDVI sensitive wavelength ranges (750–940 nm), 
where both sensors show relatively large reflectance variability, both 
within their individual pixel distributions and between the two 
instruments, across most land cover types. Figure 14 summarizes 
the differences in the standard deviations of reflectance for the four 
spectral ranges depending on surface types for all the pixels selected 
in the analysis.

A clear trend of increasing STD difference is observed 
moving towards the near IR ranges of the spectrum. The 
NDVI sensitive spectral range, covering 750–940 nm 
window, shows higher variance and median differences 
compared to the VIS range, introducing STD differences up 

to 0.334. This appears consistent across most land cover types, 
including bare soil, urban, and vegetation. The exception stands 
in the water surfaces responses which present the weakest 
variation in terms of standard deviation differences, due to 
the strong liquid water absorption in the NIR region, presenting 
then reflectances close to the minimum (Curcio and Petty 1951). 
Truly, water class exhibits the highest stability across all 
parameters because of its low and uniform reflectance profile, 
confirmed also in the water reflectance patterns identified in the 
spectral signature representations. Across all four spectral 
subranges, the water background consistently yields the 
lowest median STD differences, and this indicates a high 
level of agreement between the PRISMA and EnMAP sensors 
when observing aquatic environments.

4 Discussion

Quantitative evaluation of the extracted spectral signatures was 
performed using statistical indicators designed to assess spectral 
similarity and variability. In particular, the SAM was employed to 
quantify the degree of correspondence between the PRISMA and 
EnMAP datasets. Since SAM requires equal length spectral vectors, 
the normalization was performed using linear interpolation to 
project EnMAP spectrum onto the wavelength grid of PRISMA 
to ensure wavelength alignment and consistent spectral 
dimensionality. Table 4 reports the SAM results, expressed in 
radians, for each pair of acquisitions following the normalization 
of the sizes of the two hyperspectral cubes to enable a consistent 
comparison.

FIGURE 10 
Scatter plot comparing the average reflectance values between PRISMA and EnMAP acquisitions according to the background (violet is used for bare 
soil, orange for urban, red for vegetation and yellow for water) and the observation area, indicated with different markers as per the legend. Each marker 
shows results for all land cover classes present in the satellite acquisition, land cover classes not captured are omitted, e.g., water surface class is not 
present for several of the selected scenes.
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FIGURE 11 
Spectral signature from PRISMA (solid lines with blue shades) and EnMAP (dashed line with green shades) in sensitivity ranges for CHL (a,c), NO2 (b) 
and NDVI (d) over a vegetated area for the Valencia (SP) scene acquired on 2024-04-03. In red the spectral signature obtained averaging reflectance 
values for all selected pixels.

FIGURE 12 
Spectral signature from PRISMA (solid lines with blue shades) and EnMAP (dashed line with green shades) in sensitivity ranges for CHL (a,c), NO2 (b) 
and NDVI (d) over a vegetated area for the Opava (CZ) scene acquired on 2024-05-05. In red the spectral signature obtained averaging reflectance values 
for all selected pixels.
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As lower SAM values indicate smaller angles between the 
compared spectra and thus stronger spectral agreement, these 
results provide meaningful insight into the relative consistency of 
the two sensors. The SAM values obtained are consistently low 
across all observations. This indicates a generally high level of 
spectral similarity across the two reflectance cubes, remaining 

these results below the 0.1 rad threshold, often used as a 
benchmark for guaranteeing accurate spectral similarity 
(Lamelas-Gracia et al., 2019). In addition, no distinct correlations 
are identified by analyzing seasonal or geographical trends, as the 
slightest SAMs, around 0.04 rad, belong to areas of different latitudes 
and acquired at different times of the year.

The SAM analysis was also performed according to the spectral 
windows identified in Table 3 for selected environmental parameter. 

FIGURE 13 
Spectral signature from PRISMA (solid lines with blue shades) and EnMAP (dashed line with green shades) in sensitivity ranges for CHL (a,c), NO2 (b) 
and NDVI (d) over a vegetated area for the Ceuta (SP) scene acquired on 2025-08-10. In red the spectral signature obtained averaging reflectance values 
for all selected pixels.

FIGURE 14 
Comparison of the Standard Deviation (STD) difference between 
PRISMA and EnMAP hyperspectral data across the four distinct spectral 
parameter windows (CHL peak 1, NO2, CHL peak 2 and NDVI). The 
variations are grouped by surface background type: bare soil 
(purple), vegetation (red), urban (orange) and water (yellow). The 
dashed horizontal line at 0 represents the statistical agreement 
between the two sensors.

TABLE 4 The SAM values calculated between PRISMA and EnMAP reflectance 
for each test area over the full VNIR spectrum.

Date Area SAM (rad) ↓

2024-01-22 Rieti (IT) 0.0719

2024-04-03 Valencia (SP) 0.0774

2024-05-05 Opava (CZ) 0.0499

2024-05-19 Aix-en-Provence (FR) 0.0722

2024-12-21 Almeria (SP) 0.0662

2025-05-21 Madrid (SP) 0.0558

2025-06-24 Toulouse (FR) 0.0517

2025-07-07 Sevilla (SP) 0.0539

2025-08-10 Ceuta (SP) 0.0626

2025-08-10 Toledo (SP) 0.0463

2025-08-20 Zealand (DK) 0.0624
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In this case, to ensure consistency across the two datasets, an 
interpolation was applied to standardize the dimensions of the 
data shapes, adjusting them to be uniform and comparable. 
Table 5 summarizes the SAM values for the NDVI and NO2 

sensitive wavelength ranges as a representative sample.
For most sampling sites, the NDVI spectral window consistently 

exhibits higher SAM values than the NO2 one, indicating again 
relatively lower spectral similarity between PRISMA and EnMAP 
moving towards the IR regions of the spectrum. The relatively 
higher SAM values within the 750–940 nm range can be attributed 
to the presence of water vapor absorption features (Curcio and Petty 
1951), which may increase the angular divergence between the sensor 
measurements in the NIR region. Overall, even for the vegetative 
sensitiveness window represented by the NDVI, the SAM analysis 
demonstrates a strong spectral match between the two sensors, still 
demonstrating not to exceed 0.1 rad, as a reference value for good 
spectral similarity (Lamelas-Gracia et al., 2019).

The closer look at wavelengths sensitive to vegetative 
environments within the VNIR domain (750–940 nm) shows 
largest discrepancies also in terms of standard deviation. In this 
region, STD differences reach around 0.067, while lower STD values 
around 0.045 are obtained in the NO2 sensitive range (420–500 nm). 
Similarly, spectral regions associated with chlorophyll absorption 
features (400–480 nm and 600–700 nm) exhibit relatively low STD 
values (~0.051), indicating strong agreement irrespective of the 
underlying surface type. These variations suggest that while the 
spectral agreement achieves robust accuracy across high absorption 
features, atmospheric interferences within the vegetation sensitive 
domain introduce a higher degree of uncertainty that may require 
closer inspection.

5 Conclusion

This study presents a comprehensive evaluation of the spectral 
consistency and potential discrepancies between the hyperspectral 

missions PRISMA and EnMAP. The strength of the investigation 
lies in the extensive set of co-located acquisitions, including diverse 
land cover types and background conditions, which enhances the 
robustness and representativeness of the spectral analysis results. 
The consistency of the acquisition conditions inherent to the two 
sensor platforms takes into account the differences in geometrical 
viewing angles. This is also compensated with the selection of 
processing level products with no atmospheric correction applied, 
to ensure that the comparison is focused on the instrumental spectral 
response characteristics.

The spectral comparison highlights a satisfactory level of 
agreement between hyperspectral datasets acquired under 
analogous background conditions. Nevertheless, the analysis 
results reveal slight, but statistically significant, variations in 
spectral correspondence, while still indicating a generally strong 
level of interchangeability between PRISMA and EnMAP sensors 
across the VNIR spectral range. This consistency is observed across 
all investigated land cover types, for which the spectral response 
profiles remain highly congruent within each image pair. A more 
detailed examination indicates that the VNIR spectrum around 
750–940 nm wavelength ranges presents the largest discrepancies, 
as reflected by increased standard deviation values relative to other 
spectral intervals (up to 0.067). In any case, all analyzed pairs 
demonstrated high spectral similarities with SAM values below 
0.1 rad, confirming, but when focusing on specific VNIR 
subranges associated with key atmospheric constituents, the 
NDVI sensitive region consistently shows higher SAM values 
(lower similarities) across all sampling sites compared to other 
spectral windows, such as those sensitive to NO2. The relatively 
reduced spectral consistency in NDVI relevant wavelengths could be 
attributed to the more pronounced interference from water vapor 
absorption features in the red and near-infrared regions compared to 
the visible spectrum.

The current approach remains susceptible to variability 
induced by atmospheric contributions such as the scattering 
and absorption effects. Further improvements could be achieved 

TABLE 5 Results of SAM calculated between PRISMA and EnMAP reflectance values divided by test area over the NDVI and NO2 spectral windows.

Date Area SAM (rad) ↓

NDVI (750–940 nm) NO2 (420–500 nm)

2024-01-22 Rieti (IT) 0.0969 0.0385

2024-04-03 Valencia (SP) 0.0817 0.0382

2024-05-05 Opava (CZ) 0.0444 0.0451

2024-05-19 Aix-en-Provence (FR) 0.0681 0.0360

2024-12-21 Almeria (SP) 0.0464 0.0478

2025-05-21 Madrid (SP) 0.0665 0.0410

2025-06-24 Toulouse (FR) 0.0536 0.0464

2025-07-07 Sevilla (SP) 0.0456 0.0354

2025-08-10 Ceuta (SP) 0.0547 0.0414

2025-08-10 Toledo (SP) 0.0544 0.0470

2025-08-20 Zealand (DK) 0.0615 0.0463
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by employing a common and standardized atmospheric 
correction algorithm to both hyperspectral data cubes. A 
unified correction framework would minimize such 
influences, thereby significantly improving the interpretability 
and cross-scene comparability of the results. In addition, the 
current analysis has mainly focused on the VNIR channels, while 
future work can extend the established spectral analysis to the 
Short-Wave Infrared (SWIR) region, typically 1,000–2,500 nm. 
The SWIR spectrum is particularly valuable for atmospheric 
applications, as it includes key absorption features of trace gases 
such as carbon dioxide (CO2) and methane (CH4), enabling for 
their detection and quantification using hyperspectral 
information.

Finally, the integration of multi-temporal datasets represents 
a valuable direction for future research. Such an approach would 
enable systematic assessment of spectral variability driven by 
factors including viewing geometries, seasonal vegetation 
dynamics, and surface moisture contents. This extended 
analysis will provide a more robust understanding of the 
temporal stability of the spectral responses and support a 
more generalizable characterization of the consistency 
between PRISMA and EnMAP. At the same time, due to 
similarities in sensor characteristics between PRISMA and 
EnMAP with the upcoming CHIME mission, the outcomes of 
the present study may be relevant in the perspective of multiple 
interoperability of next gen of hyperspectral open access data.
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Glossary
AMF Air Mass Factor

AMFG Geometric Air Mass Factor

APEX Airborne Prism Experiment

ASI Italian Space Agency

AVIRIS Airborne Visible/Infrared Imaging Spectrometer

BOA Bottom of Atmosphere

BRDF Bidirectional Reflectance Distribution Function

CASI Compact Airborne Spectrographic Imager

CH4 Methane

CHEOS China High-resolution Earth Observation System

CHL Chlorophyll

DESIS DLR Earth Sensing Imaging Spectrometer

DLR German Aerospace Center

EMIT Earth surface Mineral dust source InvesTigation

EnMAP Environmental Mapping and Analysis Program

ESA European Space Agency

FWHM Full Width at Half Maximum

GF-5 Gaofen 5

GSD Ground Sampling Distance

HISUI Hyperspectral Imager Suite

HyMap Hyperspectral Mapper

HySIS Hyper Spectral Imaging Spectrometer

ISRF Instrumental Spectral Response Function

ISRO Indian Space Research Organisation

JPL Jet Propulsion Laboratory

MDPI Multidisciplinary Digital Publishing Institute

METI Japanese Ministry of Economy, Trade, and Industry

MODTRAN MODerate resolution atmospheric TRANsmission

NASA National Aeronautics and Space Administration

NDVI Normalized Difference Vegetation Index

NO2 Nitrogen Dioxide

PRISMA PRecursore IperSpettrale della Missione Applicativa

RMSE Root Mean Square Error

SAM Spectral Angle Mapper

STD Standard Deviation

SWIR Short Wave InfraRed

SZA Solar Zenith Angle

TOA Top of Atmosphere

VIS Visible

VNIR Visible and Near InfraRed

VZA Viewing Zenith Angle
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