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Abstract 31 

The PRISMA satellite mission launched on March 22nd, 2019 is one of the latest spaceborne imaging 32 

spectroscopy mission for Earth Observation. The PRISMA satellite comprises a high-spectral resolution 33 

VNIR-SWIR imaging spectrometer and a panchromatic camera. In summer 2019, first operations during 34 

the commissioning phase were mainly devoted to acquisitions in specific areas for evaluating instrument 35 

functioning, in-flight performance, and mission data product accuracy. A field and airborne campaign 36 

was carried out over an agriculture area in Italy to collect in-situ multi-source spectroscopy measurements 37 

at different scales simultaneously with PRISMA. The spectral, radiometric and spatial performance of 38 

PRISMA Level 1 Top-Of-Atmosphere radiance (LTOA) product were analyzed. The in-situ surface 39 

reflectance measurements over different landcovers were propagated to LTOA using MODTRAN5 40 

radiative transfer simulations and compared with satellite observations. 41 

Overall, this work offers a first quantitative evaluation about the PRISMA mission performance and 42 

imaging spectroscopy LTOA data product consistency. Our results show that the spectral smile is less than 43 

5 nm, the average spectral resolution is 13 nm and 11 nm (VNIR and SWIR respectively) and it varies ± 44 

2 nm across track. The radiometric comparison between PRISMA and field/airborne spectroscopy shows 45 

a difference lower than 5% for NIR and SWIR, whereas it is included in the 2-7% range in the VIS. The 46 

estimated instrument signal to noise ratio (SNR) is ≈ 400-500 in the NIR and part of the SWIR (< 1300 47 

nm), lower SNR values were found at shorter (< 700 nm) and longer wavelengths (> 1600 nm). The 48 

VNIR-to-SWIR spatial co-registration error is below 8 m and the spatial resolution is 37.11 m and 38.38 49 

m for VNIR and SWIR respectively. The results are in-line with the expectations and mission 50 

requirements and indicate that acquired images are suitable for further scientific applications. However, 51 

this first assessment is based on data from a rural area and this cannot be fully exhaustive. Further studies 52 

are needed to confirm the performance for other land cover types like snow, inland and coastal waters, 53 

deserts or urban areas. 54 
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1 Introduction 59 

The imaging spectroscopy satellite mission PRecursore IperSpettrale della Missione Applicativa 60 

(PRISMA) represents an advancement in Earth Observation technology and opens new opportunities to 61 

advance hyperspectral remote sensing methods, techniques and scientific data exploitation for innovative 62 

applications. PRISMA is one of the most recent imaging spectroscopy satellites providing a follow up of 63 

National Aeronautics Space Administration’s (NASA) pioneering Hyperion aboard the Earth Observing-64 

1 satellite (EO-1) in the early 2000 (Folkman et al., 2001; Middleton et al., 2017) and decommissioned 65 

on March 30, 2017. Today, several efforts are under development by the international community and 66 

space agencies in different countries to develop and implement hyperspectral projects and space programs 67 

(Rast & Painter, 2019). These efforts rely either on dedicated orbital platforms for operational long-term 68 

mission (3-5 years) or temporary deployment on the International Space Station (ISS) for dedicated in-69 

flight verification tests. A number of imaging spectroscopy satellites were recently launched or are in 70 

their final preparation for launch in the next few years: the Chinese Gaofen-5 Advanced Hyperspectral 71 

Imager (AHSI) (launched in May 2018), the Chinese ZY1E AHSI (launched in November 2019), the 72 

German Environmental Mapping and Analysis Program EnMAP (Guanter et al., 2015) (launch expected 73 

by mid-2022). European Space Agency’s (ESA) Copernicus Hyperspectral Imaging Mission for the 74 

Environment (CHIME) (Nieke & Rast, 2018) and NASA’s Surface Biology Geology (SBG) (Green, 75 

2018; Lee et al., 2015) missions are expected after 2025. In parallel, missions like the Hyperspectral 76 

Imager for the Coastal Ocean (HICO) (Corson et al., 2008) (in operation between 2009 and 2014), the 77 

recent DLR Earth Sensing Imaging Spectrometer (DESIS) (Müller et al., 2016), the Japanese HISUI 78 

imager (Matsunaga et al., 2018) (launched in December 2019) and the USA’s Earth Surface Mineral Dust 79 

Source Investigation (EMIT) (Green et al., 2020) (ready for a launch to the ISS in late 2021 and placed 80 

on ELC-1) are installed aboard the ISS (Rast & Painter, 2019). 81 
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The PRISMA mission is targeted to advance environmental remote sensing through novel and innovative 82 

approaches fostered by its unprecedented high spectral and spatial resolution across the entire visible-83 

near infrared (VNIR) and shortwave infrared (SWIR) spectral region (Loizzo et al., 2018). Expected 84 

benefits embrace several fields of application such as topsoil property retrieval (Chabrillat et al., 2019), 85 

mapping of raw materials (Thompson et al., 2020a), forest resources and ecosystem biodiversity 86 

assessment (Gamon et al., 2019), agricultural crop monitoring (Hank et al., 2019), snow and ice surface 87 

property mapping (Bohn et al., 2020) and inland/coastal water quality assessment (Giardino et al., 2019). 88 

The successful exploitation of imaging spectroscopy data depends on the spectral, radiometric, and spatial 89 

“quality” of the data in terms of accuracy, precision and measurement uniformity across the multi-90 

dimensional image cube (Chapman et al., 2019; Guanter et al., 2007; Meroni et al., 2010; Thompson et 91 

al., 2018, 2019). Spectral shift, band broadening and keystone are few examples of instrumental effects 92 

that affect (degrade) the cross-track uniformity of images, with a direct negative impact on the success 93 

and reliability of scientific applications. These issues have an obvious impact when measurements are 94 

combined with Radiative Transfer (RT) models (i.e., geophysical parameter retrieval using model 95 

inversion techniques), but negatively affect even simpler image-based approaches. Instrumental effects 96 

are typically manifested and corrected at Level 1 (L1) data level, but products of higher-level processing 97 

(i.e., Level 2 products such as surface reflectance) inevitably inherit biases/uncertainties when 98 

instrumental effects are not properly corrected. 99 

Spaceborne instruments are often characterized by dedicated on-board calibration systems including solar 100 

diffuser plates or reference lamps. These systems offer a direct way to monitor spectral and radiometric 101 

sensor drifts from the nominal pre-launch characterization/calibration. The actual center wavelength 102 

(CWL), bandwidth and radiometric response across the focal plane are systematically and routinely 103 

measured on-board during dedicated post-launch in-flight operations by means of different devices and 104 

technologies.  105 
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Alternatively, satellite cross-comparison approaches are often employed to evaluate consistency of 106 

observations collected almost simultaneously over common areas. This approach is not always optimal 107 

or possible, depending on mission orbit and the instrument’s field of view specifications. Indeed, 108 

significant inter- or intra-day temporal lags can exist between observations from two satellites that can 109 

hinder a fully exhaustive quantitative analysis. This issue can be partly compensated by considering the 110 

so-called Pseudo-Invariant Calibration Sites (PICS) (Cosnefroy et al., 1996). However, the use of these 111 

sites has been primarily limited to satellites cross-comparison and sensor stability monitoring, with only 112 

a few attempts to develop absolute radiometric models for these sites (Helder et al., 2013). Moreover, the 113 

exploitation of desert calibration sites prevents a more comprehensive validation that ideally considers a 114 

wider variability of radiometric signatures. The recently established Radiometric Calibration Network 115 

(RadCalNet) (Bouvet et al., 2019) is an international effort to provide automated and systematic surface 116 

and atmospheric in-situ measurements to support the calibration and validation (cal/val) of remote sensing 117 

instruments. It also represents a promising approach for cal/val activities of spaceborne imaging 118 

spectroscopy missions. RadCalNet offers systematic field spectroscopy and atmospheric data from 119 

multiple sites according to standard protocols for collecting data, processing to Top-Of-Atmosphere 120 

(TOA) radiance (𝐿𝑇𝑂𝐴), and provides uncertainty budgets traceable to the international system of units.  121 

Other techniques were developed over the years to specifically evaluate the in-flight performance of 122 

instruments and derived products accuracy by means of vicarious and image-based methods or by 123 

comparing satellite observations with ground/airborne in-situ reference measurements. The instrument’s 124 

spectral behavior is typically evaluated using spectral matching techniques that compare in-flight 125 

radiance measurements with RT model simulations in well-defined atmospheric absorption features 126 

(Guanter et al., 2007; Thompson et al., 2018). A similar approach to characterize the instrument’s 127 

radiometric response is not straightforward because it largely depends on the intrinsic characteristics of 128 

the surface and atmosphere at the time of acquisition. Therefore, in-situ measurements such as RadCalNet 129 
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are often necessary to characterize both surface reflectance and atmospheric optical properties. However, 130 

relating satellite pixels with in-situ ground sampling that typically covers limited areas (few meters) with 131 

unknown spatial variability remains challenging. Alternatively, high spatial resolution airborne imaging 132 

spectroscopy (or satellite data) can be employed during dedicated surveys to provide spatially distributed 133 

spectra and better serve satellite performance assessments. 134 

The direct and vicarious methods briefly introduced above have their specific strengths and limitations, 135 

while a synergic combination of these different approaches would provide a more comprehensive and 136 

consolidated analysis. Although conceptually similar, ground or airborne based cal/val approaches need 137 

to be tailored for each space mission, and numerous aspects must be considered for evaluating the 138 

instruments performance and the quality of mission data products.  139 

Based on first data resulting from the PRISMA commission phase, we aim to provide a first evaluation 140 

of the spectral, spatial and radiometric performance of PRISMA LTOA imaging spectroscopy data by the 141 

end of the commissioning phase. The study is mainly conducted in a well characterized rural area in Italy, 142 

while geometric performance is assessed on a highly textured area in the US. The spectral and spatial 143 

performances were assessed by means of state-of-art vicarious and image-based techniques. The 144 

radiometric accuracy was assessed with a consistency analysis of TOA spectral radiance measured by 145 

PRISMA and modeled using in-situ ground and airborne spectroscopy measurements in a multi-scale 146 

comparison scheme. 147 

 148 

2 The PRISMA mission and status 149 

PRISMA is a small size satellite mission targeted at qualifying spaceborne hyperspectral technology and 150 

delivering imaging spectroscopy data to foster novel processing methods and applications for a variety 151 

of resource management and environmental monitoring applications. The satellite was built for the Italian 152 

Space Agency ASI (Agenzia Spaziale Italiana) by OHB Italia Spa as prime contractor. Leonardo Space 153 
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& Airborne Systems (hereafter Leonardo) was responsible for the payload instruments that include state-154 

of-the-art VNIR-SWIR imaging spectrometer and a high-resolution panchromatic camera (PAN) to offer 155 

unprecedented observation capabilities (Coppo et al., 2020). The satellite was launched on March 22nd, 156 

2019 (UTC time 01:50:35) aboard of the Vega Flight VV14 from Europe’s Spaceport in Kourou, French 157 

Guiana. 158 

PRISMA is flying on a Sun-Synchronous Low Earth Orbit at an altitude of 615 km with an inclination of 159 

97.85º, acquisition period of 98 minutes and Local Time of equator crossing on Descending Node 160 

(LTDN) at 10:30. The expected operational mission lifetime is 5 years. The nominal orbit re-visit time is 161 

29 days (from nadir) with a re-look capability for a specific target of 7 days with off-nadir viewing. The 162 

optical payload does not include any pointing device and off-nadir observations are performed through 163 

platform roll maneuvers (across-track or along track). The nominal geographic coverage is between 70°S 164 

- 70°N latitude (at equinoxes) and 180°W - 180°E longitude, but imagery can be acquired at higher 165 

latitudes with the only limitation related to typically low solar zenith angle (SZA). The standard size of a 166 

single image is 30 x 30 km with a Ground Sampling Distance (GSD) of 30 m (VNIR-SWIR) and 5 m 167 

(PAN), but the system can acquire full-resolution payload data up to 1800 km x 30 km (i.e., the maximum 168 

length of a single EO acquisition).  169 

PRISMA is a pushbroom imaging spectrometer based on prism technology to obtain the dispersion of 170 

radiation on a 2-D focal plane detected by a 1000 x 256 MCT (Mercury-Cadmium-Telluride) back side 171 

illuminated pixels array to acquire several spectral bands of the same strip on the ground. The imaging 172 

spectrometer covers the nominal 400-2500 nm spectral range with two separated instruments: the VNIR 173 

spectrometer features 66 spectral bands from about 400 nm to 1010 nm, with a nominal spectral sampling 174 

interval lower than 11 nm and a bandwidth lower than 15 nm (Table 1). The SWIR detector provides 174 175 

spectral bands between 920 to 2500 nm with a bandwidth lower than 15 nm. The two spectrometers share 176 

the same entrance telescope which is a three mirror anastigmat telescope featured by aspherical mirrors. 177 
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The panchromatic camera offers co-registered 5.1 m spatial resolution imagery useful for a better 178 

interpretation of the imaging spectrometer data. A comprehensive description of the PRISMA optical 179 

design and technical specifications for the hyperspectral imager and PAN instruments is available in 180 

Coppo et al., 2020. 181 

The “standard” products systematically produced by the PRISMA ground processor and made available 182 

to users consist of: Level 1 TOA radiometrically and geometrically calibrated radiance images; Level 2 183 

geolocated and geocoded atmospherically corrected images. Details can be found in the PRISMA 184 

Products Specification Document (ASI, 2020). 185 

PRISMA has been characterized with various activities during the commissioning phase (Table 1). These 186 

activities yielded strong improvements of the mission ground processor and the data product quality from 187 

the first versions developed during the commissioning phase. The results presented in this study are based 188 

on the current version 3.6 of PRISMA products distributed to the public. 189 

 190 

 Requirement VNIR SWIR PAN V 

Swath ≥30 km 31 km 31 km 
31 

km 
F 

Ground Sampling Distance 

(GSD) 

≤31 m (VNIR-SWIR) 

≤5.1 m (PAN) 
31 m 31 m 

5.1 

m 
F 

Spectral Range 400-2500 nm 400–1010 nm 920–2500 nm 

400–

700 

nm 

- 

Number of bands - 66 174 1 - 

Modulation Transfer 

Function (MTF) 

≥0.3 (VNIR-SWIR) 

≥0.2 (PAN) 
0.30 0.32 0.25 F 

Spatial co-registration 

(GSD=30 m) 
≤0.1 GSD 0.04 GSD 0.04 GSD 

0.06 

GSD 
F 

Spectral Sampling Interval 

(SSI) 
≤11 nm 7.2-11 nm 6.5-11 nm - G 

Spectral Resolution ≤15 nm 9-13 nm 9-14.5 nm - G 
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Spectral co-registration 

(SSI=30𝝁𝒎) 
≤±0.1 SSI 0.08 SSI 0.05 SSI - F 

SNR 

≥160-200 (400-450 nm) 

≥200 (450-1000 nm)  

(NA in absorption bands) 

161-209 (400-450 

nm) 

200-450 (450-1000 

nm) 

  

-- -- G 

≥200 (1000-1750 nm) 

≥100 (1950-2350 nm) 

(NA in absorption bands) 

- 

300-800 (1000-

1300 nm) 200-

400 (1500-1750 

nm) 100-200 

(1950-2350 nm) 

- G 

≥190 (PAN) - - 191 G 

Spectral centroid 

knowledge Accuracy 
≤±0.1 nm ±0.1 nm ±0.1 nm - G 

Absolute Radiometric 

Accuracy 
≤5% 

≤5% 

(Stability≤±1%) 

≤5% 

(Stability≤±1%) 
- F 

Table 1: PRISMA technical specifications: reference mission requirements values and actual 191 

performance characterized by Leonardo Space & Airborne Systems (V column reports the Verification 192 

method: F= in-flight, G=on ground). 193 

 194 

3 Study area and multi-source dataset 195 

Our analysis of PRISMA imagery was mainly performed on an agricultural area in central Italy (Grosseto, 196 

42°49'45.38"N,11°4'12.71"E), in synergy with an intensive field and airborne survey. The site is located 197 

in central Tuscany ~20 km from the coastline and consists of a patchy agricultural landscape with a 198 

variety of different crops typical for this region (i.e., corn, alfalfa, forage etc.). Several in-situ 199 

measurements were made to characterize the optical properties of different landcover types (field 200 

spectroscopy) and bulk properties of the atmosphere (sunphotometer). Parallel acquisitions with the 201 

airborne imaging spectrometer HyPlant provided spatially distributed spectral measurements over a larger 202 

area. Figure 1 shows the survey area covered by PRISMA and the location of intensive ground/airborne 203 

field spectroscopy measurements. Additionally, a PRISMA image collected on Maricopa area May 5th, 204 
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2020 (Arizona, US; 33°03'29.20" N -112°02'51.50" W), characterized by highly textured scene (Gascon 205 

et al., 2017), was additionally employed to consolidate the MTF geometric analysis. The in-situ 206 

ground/airborne and PRISMA data acquired in Italy are described in detail in the remaining part of this 207 

section. 208 

 209 

 210 

3.1 PRISMA imagery 211 

The PRISMA imagery was collected on June 16th, 2019 at 10:22 UTC time with a roll angle of 12° 212 

(catalog image id = 266). The overall weather conditions were stable during the entire day due to a high 213 

pressure field over the entire Mediterranean area, offering complete clear-sky conditions (PRISMA image 214 

cloud coverage 0.74%) with a relative low aerosol loads during the survey. The collected raw imagery 215 

was processed by the standard PRISMA mission ground processor (L1_A_EO) version 3.6 and the L1 216 

imagery (PRS_L1_STD) was downloaded from the mission website (http://prisma-i.it). The PRISMA 217 

 

Figure 1: Geographic area covered by PRISMA imagery collected on June 16th, 2019 at 10:22 UTC 

over Grosseto (IT); white rectangle indicates the ground/airborne survey area. 
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products are stored in HDF-EOS5 (Hierarchical Data Format - Earth Observing System) files and include 218 

the panchromatic, VNIR and SWIR datasets. The file also contains all information related to the platform, 219 

required instrument engineering parameters, and information necessary for the geometric processing. The 220 

original HDF-EOS5 file was converted to band sequential (BSQ) file format using a tool available in 221 

ENVI 5.5.3 (L3Harris Technologies, USA) and re-projected with a geographic lookup table (GLT) 222 

Bowtie Correction routine. The VNIR and SWIR have a spectral overlapping of few bands between 930 223 

nm to 1034 nm, so the SWIR spectral bands are retained when VNIR and SWIR are merged into a single 224 

image file. A subset of the PAN and VNIR-SWIR imagery in different color composite representations, 225 

together with example spectra from typical vegetation, bare soil and water pond pixels is shown in Figure 226 

2. 227 
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 228 

A B

C D

E Figure 2: Spatial subset of PRISMA

imagery: (A) panchromatic; (B)

natural colour composite (Band 31:

641 nm; Band 20: 564 nm; Band 10:

470 nm); (C) VNIR false-colour

composite (Band 45: 780 nm; Band

31: 641 nm; Band 20: 546 nm); (D)

SWIR false-colour composite (Band

181: 2127 nm; Band 90: 1240 nm;

Band 70: 1029 nm); (E) example

TOA radiance spectra.
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3.2 Airborne data 229 

Airborne imaging spectroscopy data were collected with the HyPlant sensor (Rascher et al., 2015). 230 

HyPlant consists of two spectrometers, a very high-resolution fluorescence spectrometer (FLUO) and a 231 

traditional spectrometer (DUAL) with a spectral resolution and coverage corresponding to PRISMA. The 232 

DUAL module is a line-imaging push-broom imager, providing contiguous spectral bands from 370 to 233 

2500 nm with an actual spectral resolution of 4 nm in the VNIR and 13 nm in the SWIR for a total of 626 234 

spectral bands. The HyPlant SNR is about 510 in the VNIR and 1100 in the SWIR spectral regions 235 

(Rascher et al., 2015). For flight operations, the HyPlant instrument is complemented with a Data 236 

Acquisition and Power Unit and a Global Position and Inertial Navigation System (GPS/INS). The 237 

GPS/INS provides aircraft navigation data synchronous with the push-broom line scanner for image geo-238 

referencing and rectification.  239 

Four flight lines (L1-L4) were recorded over the experimental campaign area on June 16th, 2019 between 240 

11:52 and 12:06 local time from a flight altitude of 3050 m, resulting in a pixel size of 4.5 m. The 241 

conversion of raw data to georeferenced calibrated at-sensor radiance was performed by the CaliGeoPro 242 

(SPECIM, Finland) software provided by the instrument manufacturer. The DUAL images were 243 

atmospherically corrected using ATCOR-4 (Richter & Schläpfer, 2002) to obtain surface reflectance. All 244 

single flight lines were mosaicked to a single image covering an area of about 5x5 km. Figure 3 shows 245 

the mosaic obtained from the four flight lines covering the test site, together with the locations of field 246 

spectroscopy sampling (section 3.3). 247 

 248 
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 249 

3.3 Field spectroscopy and sunphotometer 250 

Irradiance and reflected radiance of several targets in the study area were measured with the ASD 251 

FieldSpec4 (Malvern Panalytical, Longmont, CO, USA) simultaneously with PRISMA and HyPlant data 252 

acquisitions (± 1 hours). Targets were selected to capture a wide spectral variability, from bright to dark 253 

surfaces at different wavelengths. Selected targets include several crop fields, bare soil and a small water 254 

pond (Figure 3). The instrument was configured to average 10 scans before storing a single file and 20 255 

measurements were acquired along a spatial transect to cover about 3x3 PRISMA pixels. The scheme 256 

was repeated several times on the same target. The radiance reflected by a calibrated white reference 257 

Spectralon panel was measured frequently immediately before and after each target measurement to 258 

 

Figure 3: Blended view of PRISMA imagery (false colour composite) and HyPlant mosaic (true 

colour) of the study area, blue stars indicate the location of the targets measured by field 

spectroscopy. 

10-VEG-wheat 09-SOI-bare-soil 08-VEG-sorgum 07-WAT-water pond

06-VEG-harvested-alfalfa

05-VEG-clover
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monitor potential changes in atmospheric conditions. The conversion of the instrument raw digital 259 

numbers to calibrated radiance values was performed by the standard processing software provided by 260 

the instrument manufacturer and incorporates the latest calibration data available for the used instrument. 261 

Obtained radiance and irradiance spectra were afterwards used to calculate surface reflectance. Collected 262 

samples per PRISMA sampling site were statistically aggregated and average reflectance and standard 263 

deviation were calculated for each wavelength. 264 

The sunphotometer measurements were collected to characterize the atmospheric status in terms of 265 

aerosol load (i.e., aerosol optical thickness at 550 nm, AOT) and columnar water vapor. The 266 

MICROTOPS II (Solar Light Company, Inc, USA) sunphotometer was operated continuously during 267 

PRISMA and airborne overpasses, sampling every 3 minutes throughout the entire survey time window. 268 

The instrument provides measurements at 440, 500, 870, 936 and 1020 nm wavelengths that are processed 269 

with the standard software provided by the instrument manufacturer. Characterized atmospheric 270 

properties are together with measured surface reflectance essential input parameters for accurate RT 271 

simulations of TOA radiances, necessary to evaluate PRISMA spectra (Section 4.2). 272 

 273 

4 Data analysis methods 274 

This section describes the analysis conducted to evaluate the performance of PRISMA in terms of: i) 275 

spectral characterization considering CWL and bandwidth; ii) radiometric consistency based on field and 276 

airborne in-situ data, iii) signal to noise ratio (SNR); iv) VNIR-to-SWIR spatial co-registration; and v) 277 

spatial resolution. 278 

4.1 Spectral calibration assessment 279 

Accurate knowledge of the spectral response of an imaging spectrometer is important for a reliable data 280 

exploitation. The spectrometers response function for each spectral band is typically represented by its 281 
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CWL, bandwidth and shape. Typically, a Gaussian function is used to model the shape of the spectral 282 

response function, with the Full-Width at Half-Maximum (FWHM) of the Gaussian defining the spectral 283 

resolution. The spectrometer’s spectral response is usually measured during a pre-flight characterization 284 

in laboratory. In-flight methods are important to track the spectral performance during mission operations 285 

and to detect possible instrument response changes considering the nominal pre-flight characterization 286 

and during mission lifetime. Methods for in-flight spectral characterizations of imaging spectrometer 287 

using atmospheric absorption features have been developed for airborne and spaceborne instruments in 288 

the last decades. These methods rely on the comparison between measured and modelled radiance spectra 289 

in wavelength regions containing sharp spectral features caused by atmospheric absorption (Gao et al., 290 

2004; Guanter et al., 2007; Meroni et al., 2010; Thompson et al., 2018). 291 

In this study, high-resolution simulations of TOA radiance (𝐿𝑚𝑜𝑑) computed with the atmospheric RT 292 

model MODTRAN5 (Berk et al., 2006, 2011) were convolved with defined values of FWHM and CWL 293 

and compared with PRISMA Level-1 radiance spectra (𝐿 
𝑇𝑂𝐴). The retrieval was carried out by means of 294 

non-linear optimization in which FWHM and CWL were iteratively modified until the best spectral match 295 

between simulated and observed spectrum is identified (Equation 1). The O2 A-band at 760 nm was 296 

considered for the VNIR spectrometer, whereas the methane absorption feature at 2300 nm was 297 

investigated in the SWIR region. This process was carried out on all the image columns (cross-track) to 298 

identify variation of the CWL or FWHM across the instrument focal plane. 299 

𝑚𝑖𝑛 ∑(𝐿 
𝑇𝑂𝐴 − 𝐿𝑚𝑜𝑑(𝐶𝑊𝐿, 𝐹𝑊𝐻𝑀))2

 

 

    Eq. 1 

 300 
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4.2 Radiometric consistency 301 

PRISMA radiometry was evaluated by comparing observed spectral radiance with modelled LTOA spectra. 302 

LTOA simulations use surface reflectance obtained from field and airborne spectroscopy in combination 303 

with the four-stream RT scheme proposed by Verhoef & Bach, 2012 and Bayat et al., 2020 and adapted 304 

to Lambertian condition: 305 

𝐿𝑇𝑂𝐴(Ω𝑠, Ω𝑣) =
𝐸𝑠

0cos (𝜃𝑠)

𝜋
[𝜌𝑎𝑡𝑚 + 𝑇𝑑𝑖𝑟

↓↑ 𝜌 +
𝑇𝑑𝑖𝑓

↓ 𝑇𝑑𝑖𝑟
↑ 𝜌 + (𝑇𝑑𝑖𝑟

↓ + 𝑇𝑑𝑖𝑓
↓ ) 𝑇𝑑𝑖𝑓

↑ 𝜌 ̅

1 − 𝜌 ̅𝑆
] Eq. 2 

 306 

Ω𝑠 and Ω𝑣 represent the combination of zenith (𝜃) and azimuth (𝜙) angles for sun illumination (s) and 307 

viewing (v) angles, respectively. We neglected to indicate the dependence to all terms in Equation 2 to 308 

improve readability. The atmospheric path radiance (𝐿0) is computed as the product of Exo-atmospheric 309 

solar irradiance (𝐸𝑠
0) corrected by the cosine of solar zenith angle and multiplied by the atmospheric bi-310 

directional reflectance 𝐸𝑠
0/𝜋 cos(𝜃) 𝜌𝑎𝑡𝑚. The T terms represent the different sun-to-surface (𝑇↓) and 311 

surface-to-sensor (𝑇↑), direct (dir) and diffuse (dif) atmospheric transmittances; S is the atmospheric 312 

spherical albedo. 𝜌 is the pixel surface reflectance measured by field and airborne spectroscopy, while �̅� 313 

represents the spatially averaged surface reflectance of the surrounding area used to compute the 314 

adjacency effect. The �̅� was estimated as average value of the HyPlant mosaic, which is a reasonable 315 

assumption considering that the fragmented spatial structure of the imagery and its spectral characteristics 316 

are almost homogenous across the study area. 317 

The atmospheric transfer functions used to propagate the surface reflectance to LTOA are calculated with 318 

MODTRAN5, the aerosol optical thickness and the column water vapor derived from sunphotometer 319 

measurements were used as model input parameters. The Mid-Latitude Summer (MLS) atmospheric 320 

profile, the Thuillier et al., 2003 solar irradiance spectrum and different aerosol models (i.e., Rural, 321 

Maritime and Urban) were considered to simulate LTOA. The line-of-sight parameters were defined 322 
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according to the solar zenith and azimuth angles (SZA and SAA) at the time of PRISMA acquisition, the 323 

view zenith angle (VZA) was fixed according to the actual PRISMA roll angle in the image center 324 

coordinate. RT simulations were performed in high resolution in the 390-2500 nm spectral range by using 325 

a band model at 1 cm-1, DISORT multiple scattering and the correlated-k options were activated to assure 326 

accurate simulations within the atmospheric absorption bands. A summary of the parameters used is 327 

reported in Table 2. 328 

 329 

Parameter Unit Values 

Spectral Range nm 390 - 2500 

Solar Irradiance  Thuillier et al., 2003 

Molecular Band model resolution cm-1 1 

Correlated-k option - Yes 

DISORT number of streams - 8 

Atmospheric Profile - Mid-Latitude Summer 

Aerosol Model - Rural, Urban, Maritime 

Aerosol Optical Thickness (AOT) - 0.12 

Water vapor column g cm-2 2.3 

Surface height Km 0.02 

SZA  deg 23 

SAA deg 145.8 

VZA deg 12.5 

Table 2: Parameters used in MODTRAN5 atmospheric RT simulations 330 

 331 

The atmospheric transfer functions were extracted from MODTRAN5 using the Modtran Interrogation 332 

Technique (MIT) developed by Verhoef & Bach, 2007, 2012. This technique is necessary because 333 

MODTRAN5 does not directly simulate required atmospheric transfer functions needed to simulate LTOA. 334 

Different approaches have been used in past to overcome this limit. Typically, few simulations with 335 
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MODTRAN5 considering different surface albedo values are combined to calculate all functions 336 

(Guanter et al., 2009; Verhoef & Bach, 2012). The latest version of the MIT technique relies on four 337 

MODTRAN5 runs (Verhoef et al., 2018) in which different values of the surface albedo and simulations 338 

at TOA and Bottom-Of-Atmosphere are considered. In this work, the spectra obtained from this set of 339 

model runs were combined to obtain accurate estimates of the atmospheric transfer functions. Further, 340 

the so-called T-14 system introduced by Verhoef et al., 2014 for high-spectral resolution simulations in 341 

the framework of the FLEX mission (Cogliati et al., 2015 and Verhoef et al., 2018) was used to achieve 342 

an accurate modelling also within strong atmospheric absorption features. Finally, simulated LTOA spectra 343 

were convolved with the PRISMA spectral response functions which were assumed gaussian (Section 344 

4.1). An example of the atmospheric transfer functions computed is shown in supplementary material 345 

(Figure S1). 346 

The direct comparison between ASD FieldSpec4 with PRISMA was initially performed on the sites 347 

described in Figure 3. We particularly analyzed regions of interest (ROIs) identified on the base of gps-348 

recordings during the field sampling. For the comparison between PRISMA and HyPlant, large parts of 349 

the study area covered by airborne imagery were analyzed. The HyPlant mosaic with surface reflectance 350 

values was resampled to 30 m pixel size, regridded according to PRISMA and used in the above described 351 

RT scheme to simulate LTOA. Afterward, an image segmentation algorithm available in the ENVI Feature 352 

Extraction software package (L3Harris Technologies, Inc., USA) was applied on a calculated Normalized 353 

Difference Vegetation Index (NDVI) map to systematically identify a statistically significant number of 354 

agricultural fields. This approach is particularly suitable for scenes covered by well-defined crop fields 355 

characterized by clear and sharp edges. The segmentation facilitated the comparison between PRISMA 356 

and HyPlant by automatically identifying ROIs representing pure crop fields and bare soils and excluding 357 

mixed pixels at field edges. This strategy was particularly important to minimize residuals due to spatial 358 

co-registration errors and likewise differences caused by instruments viewing angles. Obtained ROIs 359 
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were further filtered to retain areas between 50.000 m2 and 500.000 m2 only, which correspond to 360 

medium-large size fields. In result a total of 207 ROIs distributed over the extended study area were 361 

identified, covering different landcovers (e.g. agricultural crops, forest, bare soil, surface waters). Each 362 

ROI represents a significant number of PRISMA/HyPlant pixels (45-450 pixels). Overall, simple 363 

regression techniques were employed for evaluating data consistency, but other more sophisticated 364 

techniques could be used to fully evaluate the spatial agreement (Duveiller et al., 2016). 365 

4.3 Signal to Noise Ratio determination 366 

Several techniques are available to assess the SNR of imaging spectroscopy data. These methods do not 367 

provide a direct quantification of instrument noise as it can be characterized in laboratory or onboard 368 

calibration systems, but give an indirect estimate of actual noise from imagery acquired in real conditions 369 

(Curran & Dungan, 1989). The general strategy is to analyze the distribution of the PRISMA 𝐿𝑇𝑂𝐴 signal 370 

over homogeneous areas, considering the intrinsic spatial variability of natural surfaces and spectral-371 

spatial correlation between adjacent pixels (Gao et al., 2013). More reliable methods rely on Multiple 372 

Linear Regression (MLR) in which inter-band (spectral) and intra-band (spatial) correlations are 373 

exploited to decorrelate the image data (Gao et al., 2013; Gao et al., 2008; Roger & Arnold, 1996). The 374 

remaining unexplained residuals are assumed to be a reliable approximation of noise. Specifically, the 375 

Homogeneous Regions Division And Spectral De-Correlation (HRDSDC) method (Fu et al., 2014) was 376 

used in this analysis. The method represents a noisy pixel 𝑔(𝑡, 𝑠, 𝜆) at band 𝜆 and spatial location (𝑡, 𝑠) 377 

by considering the original noise-free image signal 𝑓(𝑡, 𝑠, 𝜆) and the random noise 𝑛(𝑓(𝑡, 𝑠, 𝜆)): 378 

𝑔(𝑡, 𝑠, 𝜆) = 𝑓(𝑡, 𝑠, 𝜆) + 𝑛(𝑓(𝑡, 𝑠, 𝜆)) Eq. 3 

 379 
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�̂�(𝑡, 𝑠, 𝜆) is the predicted value for pixel 𝑔(𝑡, 𝑠, 𝜆) using the MLR regression model (Equation 4) by using 380 

adjacent wavelengths 𝜆 − 1 and 𝜆 + 1 and neighbor pixels 𝑔(𝑡′, 𝑠′, 𝜆) which belong to the same 381 

homogeneous region. 382 

�̂�(𝑡, 𝑠, 𝜆) = 𝐴𝑔(𝑡, 𝑠, 𝜆 − 1) + 𝐵𝑔(𝑡, 𝑠, 𝜆 + 1) +  𝐶𝑔(𝑡′, 𝑠′, 𝜆) + 𝐷 Eq. 4 

 383 

The coefficients A, B, C and D were estimated by multiple least square regression. The residuals between 384 

predicted and actual value of the pixel can be calculated as:  385 

𝑟(𝑡, 𝑠, 𝜆) = 𝑔(𝑡, 𝑠, 𝜆) − �̂�(𝑡, 𝑠, 𝜆) Eq. 5 

 386 

𝑟(𝑡, 𝑠, 𝜆) was used to obtain the noise variance calculated as sum of squared residuals and further used to 387 

compute the SNR by rationing the average signal 𝜇(𝑔(𝑡, 𝑠, 𝜆)) and the standard deviation calculated as 388 

the squared root of the noise variance. In practice, ROIs extracted from the segmentation algorithm were 389 

used to evaluate the actual SNR of the analyzed PRISMA imagery, in particular 3x3 pixels selected in 390 

the middle of each ROIs were used in the analysis. 391 

4.4 Spatial co-registration evaluation 392 

Co-registration accuracy is one of the main parameters defining the spatial consistency of the data. Co-393 

registration is defined by the vector describing the connection between the footprint of central pixels in 394 

two different spectral channels. These channels can be either consecutive (band-to-band co-registration) 395 

or located in different spectrometers (VNIR-to-SWIR co-registration). In L1 data of pushbroom 396 

spectrometers such as PRISMA, band-to-band co-registration is mostly driven by the keystone effect 397 

although structural factors and micro-vibrations also have a strong influence on the VNIR-to-SWIR co-398 

registration. Methods for the automatic determination of band-to-band and VNIR-to-SWIR co-399 

registration accuracy have been developed in the last years. In this study, we used the Automated and 400 
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Robust Open-Source Image Co-Registration Software (AROSICS) (Scheffler et al., 2017). In this 401 

method, tie points or brightness edges were automatically detected by applying cross-correlation 402 

techniques to the two bands under analysis. 403 

4.5 Spatial resolution assessment 404 

The spatial resolution of PRISMA data is related to the so-called Modulation Transfer Function (MTF), 405 

which defines the spatial frequencies captured in the data. In this study, the MTF assessment was carried 406 

out using the sharp contrast edge approach based on the implementation proposed by Choi & Helder, 407 

2005. This method employs ground targets with a sharp contrast edge transition (Viallefont-Robinet et 408 

al., 2018). Slightly slanted targets were used to allow estimation of an oversampled Edge Spread Function 409 

(ESF) profile, obtained combining different horizontal or vertical edges. Once the ESF was obtained, its 410 

derivative was numerically calculated, providing the estimate of the instrument PSF (Point Spread 411 

Function) along the edge direction. Then, the MTF was calculated as the Fourier transform of the PSF. 412 

For estimates of the ESF, each cut of the edge target has to be centered, combined into a single array, and 413 

then interpolated to provide an ESF with sub-pixel resolution. A Fermi function was used to center each 414 

cut: 415 

𝑓(𝑥) =
𝑎

1 + 𝑒−
𝑥−𝑏

𝑐

+ 𝑑  
Eq. 6 

 416 

where 𝑥 represents either along-track or across-track direction, 𝑎 is an amplitude parameter, 𝑏 represents 417 

the center of the profile, 𝑐 controls the slope of the function, and 𝑑 is an offset value. Once each profile 418 

was centered, all profiles were combined into a single array and then projected onto the perpendicular 419 

axis to the edge (z-axis). The combined ESF profile was projected onto the z-axis as: 420 

𝑧 = 𝑥 cos 𝜃  Eq. 7 
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being 𝜃 the inclination angle of the edge. The inclination angle was estimated using a linear fit of the 421 

center position of each cut. A third order Savitzky-Golay filter is then used to obtain an interpolated ESF 422 

profile with sub-pixel resolution. The window width of the filter was set to 1.2 pixels, while the output 423 

resolution was set to 1/10 pixels. The LSF (Line Spread Function), representing the PSF along the edge 424 

direction, was finally calculated as the first derivative of the ESF, and then the MTF was computed as its 425 

Fourier transform: 426 

𝑀𝑇𝐹 = ℱ𝑧{𝐿𝑆𝐹(𝑧)} Eq. 8 

 427 

 428 

 429 

5 Results and discussion 430 

5.1 In-flight spectral characterization 431 

Results obtained from the spectral characterization of both, the VNIR and SWIR spectrometers are shown 432 

in Figure 4. Nominal CWL and FWHM as provided in the original PRISMA L1 file are compared to 433 

actual retrieval from in-flight data (cf. Section 4.1). Estimates for the VNIR spectrometer show a smaller 434 

peak-to-peak smile (2 nm) compared to the nominal smile (5 nm). Differences between actual and 435 

nominal smile are largest for the right side of the swath. A fluctuating pattern is also observed in CWL 436 

estimates and caused by the applied spectral resampling during the smile correction processing within the 437 

L1 processor. 438 
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 439 

Figure 4: Nominal and estimated across-track variations in wavelength position and spectral 440 

resolution for PRISMA's VNIR and SWIR spectrometers. 441 

 442 

The difference of estimated FWHM across track variation is less than 1.5 nm, with an average value of 443 

around 13 nm. Noticeable deviation between the nominal and actual FWHM can be observed on the right 444 

side of the swath, similar to the findings for the CWL position. For the SWIR spectrometer, nominal and 445 

estimated CWL show a better correspondence compared to the VNIR with slight underestimates of CWL 446 

on the left swath side (1 nm) and overestimates (1.5 nm) on the right side. Estimated FWHM across track 447 

variation shows a reverse pattern compared to the nominal FWHM with a largest divergence between 448 

nominal and actual FWHM on the left swath side (3.5 nm) and smallest on the right side (-0.5 nm). It 449 

must be stated that the nominal CWL and FWHM attached to the L1 images may vary from one image 450 

to another because a fine correction applied by L1 processor to account for the optical bench temperature. 451 

The results shown in Figure 4 strictly apply to the Grosseto image used in this study. 452 
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5.2 Radiometric consistency between PRISMA and field/airborne spectroscopy 453 

Radiometric consistency was assessed by comparing measured and modelled LTOA. In a first assessment, 454 

model consistency was evaluated by comparing modelled and in situ measured surface irradiance at the 455 

time of PRISMA overpass in Grosseto. The standard models of aerosol available in MODTRAN5 (Table 456 

2) were tested to evaluate the one offering the best match. As expected, all models show a close match 457 

across the NIR-SWIR wavelength range where atmospheric scattering has a minor effect, but the urban 458 

model fits best also in the visible range. Figure S2 (supplementary material) indicates overall a close 459 

agreement between simulated and field measured irradiance, with an average relative error of 2.1% and 460 

a range between +4.7% and –10% considering absorption features. A larger discrepancy is observed for 461 

wavelengths shorter than 500 nm. However, the total error budget includes uncertainties related to both 462 

atmospheric modeling and uncertainties caused by imperfect assumptions about ASD FieldSpec4 spectral 463 

response. In fact, the high-resolution MODTRAN5 spectrum was resampled according to the nominal 464 

CWL and FWHM values of the field spectrometer from the instrument technical datasheet, whereas a 465 

more accurate characterization was not performed. This may cause larger discrepancies in spectral 466 

regions characterized by sharp absorption features. 467 

The consistency of spectral reflectance observed by field and airborne spectrometers across landcover 468 

types investigated in the study is shown in Figure 5. The comparison is performed directly on simulated 469 

LTOA because the same atmospheric transfer functions are applied to both data sets and the resulting 470 

spectra have a consistent spectral sampling (PRISMA bands). The scatterplots between ground and 471 

airborne data refer to the average and standard deviation for each wavelength obtained from aggregated 472 

field measurements and from the statistical analysis of ROIs extracted from the HyPlant imagery for each 473 

individual target (Figure 5). The spectral signatures are highly correlated with R2 values above 0.99, the 474 

slopes of the linear regression models are close to one and offsets are almost zero. The root mean square 475 

error (RMSE) is always lower than 3.1 mW/m2/sr/nm for all targets. The statistics indicate a good 476 
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agreement for most of the selected agricultural fields and bare soils sites. Larger errors are observed for 477 

the water pond due to the small surface size and bottom influence, in particular the latter effect is probably 478 

accentuated because in-situ measurements were collected with a tilted viewing angle from shore.  479 

In general, it is important to understand that reflectance from field and airborne spectrometers are 480 

obtained with two completely different approaches. Down-welling irradiance and up-welling radiance 481 

measured by a field spectrometer are directly converted to surface reflectance and thus exclude any 482 

potential data processing bias. Conversely, hyperspectral airborne images require an atmospheric 483 

correction to convert at-sensor radiance to surface reflectance, a step which can introduce biases in the 484 

retrieved spectra depending on the actual atmospheric conditions. 485 

 486 
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Figure 5: Scatterplot between field and airborne spectroscopy measurements over selected sites. Error 487 

bars represent the standard deviation of the ROIs extracted from the HyPlant imagery and from field 488 

measurements. The blue line is the 1:1, the red line is the least square linear model. 489 

 490 

LTOA spectra simulated from ground/airborne surface reflectance and PRISMA L1 observations are 491 

compared in Figure 6. The spectra obtained across different scales are generally consistent for all land 492 

cover types. LTOA at the different wavelengths are very similar and PRISMA spectra are almost always 493 

within the standard deviation of the field/airborne measurements or within their differences. 494 

 495 

Figure 6: TOA radiance spectra observed by PRISMA (red dots) vs. TOA spectra predicted by using 496 

field (gray) and airborne (blue) spectroscopy for different targets. 497 

 498 
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The consistency of PRISMA and in-situ field spectroscopy has been further quantified in Figure 7 in 499 

terms of relative mean absolute difference per spectral band (Botchkarev, 2018). The water pond was 500 

removed from the analysis because of the difficulty in matching in-situ and PRISMA observations on this 501 

specific target. In general, the difference is always lower than 10% (excluding few SWIR wavelengths). 502 

Particularly, the VIS shows differences between 2-7%, the NIR and SWIR has differences lower than 503 

5%, and error slightly rises up for few wavelengths larger than 2300 nm. The different viewing angles 504 

among in-situ and satellites data can cause the subtle difference observed in the green and red, however 505 

these wavelengths are typically more affected by canopy anisotropy and soil background in case of 506 

fractional vegetation cover below 100%. Absorption features were removed from the comparison since 507 

the signal is very low and even small errors in modeling LTOA and instrument spectra response function 508 

might produce larger errors. Errors in absorption features originate either from small uncertainties in 509 

assumptions on the instrument spectral response function or from small errors in the atmospheric radiative 510 

transfer modelling within these regions. Therefore, further analysis should be conducted in this context 511 

also considering the atmospheric absorption features and a per-pixel retrieval of the atmospheric water 512 

vapor. 513 

 514 
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 515 

Figure 7: Relative mean absolute difference (circles) and standard deviation (vertical bars) calculated 516 

over the six targets between PRISMA L1 and TOA radiance predicted from ASD FieldSpec4 at different 517 

wavelengths; dotted red line indicates 5% difference threshold; green line is a typical vegetation 518 

spectrum observed by PRISMA. 519 

The strong advantage of airborne imaging spectroscopy is to offer systematic and spatially distributed 520 

measurements over the entire area of interest that can be better compared with satellite data. The spatial 521 

comparison between PRISMA and LTOA simulated from HyPlant is based on the analysis of the large 522 

number of ROIs identified in the study area. A number of spectral bands were selected outside the main 523 

atmospheric absorption features and the average and standard deviation values are depicted in Figure 8. 524 

A robust relationship is observed for all wavelengths R2 > 0.95 considering the different level of radiance 525 

from the analyzed landcover types (i.e., bare soils, diverse vegetation types). The slope of the linear least 526 

square models is generally higher than 0.82, the RMSE values are in the range of 1.6 −527 

3.0 𝑚𝑊 𝑚−2𝑠𝑟−1𝑛𝑚−1 in the visible; between 2.8 − 3.1 𝑚𝑊 𝑚−2𝑠𝑟−1𝑛𝑚−1 in the near-infrared and 528 

lower of 2.7 𝑚𝑊 𝑚−2𝑠𝑟−1𝑛𝑚−1 in the short wave infrared. 529 
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 530 

Figure 8: Comparison of TOA radiance predicted from HyPlant and PRISMA observations for selected spectral bands. Scatterplots at 531 

different wavelengths refers to average and standard deviation values of the several ROIs (n = 207) obtained from the segmentation (ROIs 532 

are overlaid to the airborne mosaic). The blue dashed line is the 1:1; red line is the linear least square model and red dotted line 533 

represent the confidence interval. 534 
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The relative mean absolute difference of LTOA calculated for individual PRISMA spectral bands are 535 

shown in Figure 9. In general, the VIS spectral region is characterized by a relative difference equal or 536 

lower than 5%, with the tendency to slightly decrease toward NIR to values lower of 5%. The relative 537 

difference slightly increases in the SWIR to values of around 5-7% and it only exceeds 10% for few 538 

SWIR wavelengths at the far limit of the spectrum. Figure 9 reveals a generally good agreement between 539 

airborne and satellite LTOA. This finding is consistent with previous results obtained from field 540 

spectroscopy (Figure 7). However, observed values are in average in the range of typical uncertainty 541 

values 2-5% reported in literature from a number of similar studies in which in-situ and remote sensing 542 

observations were compared (Richter & Schläpfer, 2002; Thompson et al., 2015; Thompson, Guanter, et 543 

al., 2019). 544 

 545 

Figure 9: Relative mean absolute difference (circles) and standard deviation (vertical bars) between 546 

PRISMA L1 and TOA radiance predicted from HyPlant ROIs (n = 207); dotted red line indicates 5% 547 

difference threshold; green line is a typical vegetation spectrum observed by PRISMA. 548 

 549 
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5.3 Signal-to-noise 550 

PRISMA's SNR estimated from L1 product using hundreds of ROIs obtained from image segmentation 551 

is presented in Figure 10. Gray dotted lines represent the spectral SNR estimated over the individual 552 

ROIs. The observed SNR variability is intrinsically affected by the target brightness and heterogeneity 553 

which complicate the characterization of SNR: bright areas characterized by a more ideal homogeneous 554 

behavior have larger SNR, conversely darker and more heterogeneous targets have a lower SNR. The 90-555 

98% percentiles range (blue lines) is also shown to defocus from the natural variability observed in real 556 

scenes and represents the “peak” SNR values. Conceptually these values are more indicative about the 557 

instrument’s SNR as characterized in laboratory. 558 

 559 

 560 

Figure 10: Per-band Signal-to-Noise Ratio estimated over 207 targets by considering 3x3 blocks (light 561 

gray dotted lines); blue lines are 90-98% percentiles; green line is a reference PRISMA TOA radiance 562 

spectrum. 563 

The “peak” noise estimated from the real imagery shows a rising trend from SNR ≈ 200 to ≈ 400 from 564 

green to far-red wavelengths (500-700 nm). Slightly lower values were observed in the blue region and 565 
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might be caused by the lower efficiency of PRISMA optical system (MCT detector) at the edge of the 566 

observed VIS spectrum. In the NIR, the SNR is between ≈ 400-500 and similar values were observed in 567 

the first part of the SWIR (up to 1300 nm). Lower SNR ≈250-300 was found around 1600 nm and SNR 568 

of ≈100 at wavelengths larger than 2000 nm. The estimated values at different wavelengths nearly agree 569 

with pre-launch characterization measurements performed by Leonardo (Coppo et al., 2020). 570 

 571 

5.4 Spatial co-registration 572 

Results from the VNIR-to-SWIR spatial co-registration analysis are summarized in Figure 11 and 573 

represent the x and y components of spatial shifts between the VNIR and SWIR spectrometers (band 64 574 

and 73, respectively). Results show that the absolute values of the spatial shifts are typically below 8 m, 575 

with shifts in the x direction being substantially larger than those in the y direction. It must be stated that 576 

these shifts correspond to L1 data, to which a spatial alignment operation in the x-direction has been 577 

applied. Spatial shifts >1 spatial pixel (30 m) are present in the original L0 data since there is a temporal 578 

shift in the acquisition of data by each spectrometer. 579 

 580 
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 581 

Figure 11: Spatial shifts between PRISMA’s channel 64 (VNIR spectrometer) and channel 74 (SWIR 582 

spectrometer) in the across- and along-track directions estimated by AROSICS 583 

 584 

5.5 Spatial resolution 585 

Crop fields from Maricopa (Arizona, USA) were used to perform a preliminary along-track MTF and 586 

PSF estimate. Results were computed for those VNIR and SWIR bands in which the contrast between 587 

the low level and the high level of the ESF is enough to provide a good estimate. At least 30 spectral 588 

bands have been analyzed for each instrument to obtain the results. Figure 12 depicts estimated spatial 589 

FWHM and MTF values at Nyquist frequency as a function of band number for both VNIR and SWIR 590 

instruments. As can be observed from the figure, the PSF and MTF assessment has been performed for 591 
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bands 1 to 34 of the VNIR instrument. The spatial FWHM is calculated from the LSF estimate and 592 

represents the spatial resolution of the instrument along the edge direction. 593 

 594 

Figure 12: Along-Track results: FWHM resolution (top) and MTF at Nyquist frequency (bottom) as a 595 

function of the band number. VNIR instrument (left) and SWIR (right). 596 

 597 

The results show that the instrument achieves a mean resolution of spatial FWHM ≈ 37.11 m, which in 598 

terms of the GSD represents about 1.24 GSD. The standard deviation of the series is 𝜎𝐹𝑊𝐻𝑀 ≈ 1.88 m 599 

(0.063GSD). The MTF values for the VNIR instrument are given for the spatial Nyquist frequency, that 600 

is, 𝑓𝑥 = 1/(2GSD). In this case, the mean MTF value at Nyquist is MTFnyq ≈ 0.267, with a standard 601 

deviation of 𝜎𝑀𝑇𝐹𝑛𝑦𝑞 ≈ 0.028. In the case of the SWIR instrument, estimates have been performed for 602 

band 50 to 80. As shown in Figure 12, the SWIR instrument provides a mean FWHM ≈ 38.38 m 603 

(1.28GSD), with a standard deviation of 𝜎𝐹𝑊𝐻𝑀 ≈ 1.05 m (0.035GSD). For MTF, the SWIR instrument 604 

achieves a mean MTF value at Nyquist of MTFnyq ≈ 0.255 and a standard deviation of 𝜎𝑀𝑇𝐹𝑛𝑦𝑞 ≈ 0.017. 605 
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Therefore, both VNIR and SWIR instruments meet the MTF along-track requirements as shown in Table 606 

1. 607 

 608 

6 Conclusions 609 

The PRISMA mission is successfully operating after its launch and is currently collecting data all over 610 

the globe. Different analyses have been conducted in this study to evaluate the quality of the Level 1 Top-611 

Of-Atmosphere imaging spectroscopy data. We evaluated key parameters related to the spectral, spatial 612 

and radiometric performance of PRISMA. The spectral matching technique was applied on VNIR and 613 

SWIR radiance spectra to characterize CWL and FWHM, while PRISMA radiometry was evaluated by 614 

comparing observed spectral radiance with TOA spectra simulated propagating surface reflectance 615 

estimated by field and airborne spectroscopy. The co-registration of VNIR-to-SWIR spectrometers and 616 

MTF have been evaluated with image-based state-of-art algorithms. Overall, the results so far are highly 617 

promising and in-line with the expectations and mission requirements, the acquired images are suitable 618 

for use in scientific applications. 619 

The presented analysis is mainly based on one PRISMA scene. This cannot be exhaustive and further 620 

studies are needed to confirm our results and extend performance analysis to other landcover types like 621 

snow, inland and coastal waters, deserts or urban areas. For example, a similar study dedicated to inland 622 

and coastal waters was recently developed (Giardino et al., 2020), with findings closely related to those 623 

obtained in this study. Additional analysis based on different approaches such as the analysis of data 624 

collected on PICS and Lunar calibration would be useful to further consolidate the current findings. This 625 

work does not claim to provide re-calibration coefficients for the PRISMA mission. Instead, it offers an 626 

analytical framework and first quantitative insight about the mission performance and data product 627 

quality for a typical rural area in the Mediterranean region during summer. Our outcomes will foster 628 
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further exploitations of PRISMA for advancing image processing methods and innovative image 629 

spectroscopy applications. 630 

This work analyzed L1 product only since it is the base for subsequent data products and due to the main 631 

focus of the commissioning phase on instrument performance and data processing at L0 and L1. The L1 632 

product is mainly of interest for experienced users to exploit the potential of coupled surface-atmosphere 633 

retrievals or their own atmospheric correction (Thompson et al., 2020b; Thompson et al., 2019). 634 

However, surface reflectance (L2 product) is regularly processed and made available from ASI, but 635 

further studies are needed to assess in detail the quality of this data product level. 636 

We conclude that based on preliminary data and this first performance assessment, it is reasonable to 637 

affirm that PRISMA represents an important step forward in the field of satellite imaging spectroscopy. 638 

The availability of PRISMA products will significantly contribute to applications and research to tackle 639 

societal and environmental challenges facing humanity. 640 

  641 
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