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Abstract—The Earth Surface Mineral Dust Source 
Investigation, EMIT, is planned to operate from the 
International Space Station starting no earlier than the fall of 
2021.  EMIT will use visible to short wavelength infrared 
imaging spectroscopy to determine the mineral composition of 
the arid land dust source regions of the Earth to advance our 
knowledge of the radiative forcing effect of these aerosols. 
Mineral dust emitted into the atmosphere under high wind 
conditions is an element of the Earth system with many impacts 
to the Earth’s energy balance, atmosphere, surface, and oceans. 
The Earth’s mineral dust cycle with source, transport, and 
deposition phases are studied with advanced Earth System 
Models.  Because the chemical composition, optical and surface 
properties of soil particles vary strongly with the mineral 
composition of the source, these models require knowledge of 
surface soil mineral dust source composition to accurately 
understand dust impacts on the Earth system now and in the 
future.  At present, compositional knowledge of the Earth’s 
mineral dust source regions from existing data sets is uncertain 
as a result of limited measurements.  EMIT will use 
spectroscopically-derived surface mineral composition to 
update the prescribed boundary conditions for state-of-the-art 
Earth System Models.  The EMIT-initialized models will be used 
to investigate the impact of direct radiative forcing in the Earth 
system that depends strongly on the composition of the mineral 
dust aerosols emitted into the atmosphere.  These new 
measurements and related products will be used to address the 
EMIT science objectives and made available to the science 
community for additional investigations.  An overview of the 
EMIT science, development, and mission is presented in this 
paper. 
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1. INTRODUCTION

The Earth has a mineral dust cycle that impacts 
many elements of the Earth system and is 
comprised of source, emission, transport, and 
deposition phases processes.  Mineral dust plays a 
role in direct and indirect radiative forcing, 
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weather, atmospheric chemistry, cryosphere melt 
and hydrology, biogeochemistry of ocean and 
terrestrial ecosystems, and can be a hazard to 
human populations.  Figure 1-1 depicts key 
elements of the interaction of mineral dust aerosols 
with the Earth system.  The primary focus of EMIT 
is the direct impact to radiative forcing.  Figure 1-
2 shows a satellite observation of mineral dust 
emitted into the atmosphere from the arid land 
regions of northern Libya.  

Figure 1-1.  Depiction of the Earth’s mineral dust cycle 
that is the focus of the NASA EMIT mission planned to 

begin operation from the ISS in 2021 

Figure 1-2.  Satellite image of mineral dust of different 
compositions being emitted into the atmosphere. (Terra 

satellite, MODIS instrument, from northern Libya, 
September 28, 2010 

The Intergovernmental Panel on Climate Change 
(IPCC) has identified mineral dust radiative 
forcing as a key uncertainty in the overall 
contributions of aerosols to radiative forcing in the 
Earth system (Boucher et al., 2013; Myhre et al., 
2013).  In the 5th Assessment Report, the global 
impact of mineral dust aerosols was estimated to 
have a slightly cooling effect.  However, the 
uncertainty error bars are large enough to include 
the possibility of heating.  Part of the uncertainty 

results from the common model assumption of dust 
aerosol composition and optical properties that are 
globally uniform, despite variations that are well-
documented (c.f. Figure 1-2).   

Mineral dust is a key contributor to direct radiative 
forcing over arid regions, impacting agriculture, 
precipitation, and desert encroachment around the 
globe (Mahowald et al., 2010; Mahowald and 
Kiehl, 2003; Miller and Tegen, 1998; Rosenfeld et 
al., 2001; Yoshioka et al., 2007). The assumption 
of globally uniform dust properties also introduces 
regional errors into our estimation of these impacts 
that remain poorly understood due to uncertainties 
in the dust composition. Dust radiative forcing is 
highly dependent on its mineral-specific 
absorption properties (Scanza et al., 2015; Sokolik 
and Toon, 1999), and the current range of iron 
oxide abundance in dust source models (0 – 7 wt%) 
(Claquin et al., 1999) translates into a 460% 
uncertainty in regional radiative forcing predicted 
by Earth System Models (ESMs).  Currently, 
ESMs are being updated to model mineral dust 
sources of diverse composition (e.g. Scanza, et al., 
2015) that are inferred from atlases of soil type 
(Claquin et al., 1999; and Journet et al., 2014). 
However, knowledge of global soil composition is 
based upon mineralogical analyses of fewer than 
5000 soil samples from mostly agricultural regions 
rather than the arid and semi-arid regions emitting 
dust.  This gap in knowledge of the arid land dust 
source mineral composition is contributing to the 
uncertainty in ESM related to mineral dust aerosols 
and their effects on the Earth system.   

The EMIT mission is designed to close this gap by 
acquiring more than one billion direct observations 
of the Earth’s arid and semi-arid mineral dust 
source regions. These high-fidelity spectroscopic 
observations will be analyzed to deliver new 
mineral composition products for the surface 
boundary conditions for the ESMs and to address 
the EMIT mission radiative forcing-related goals 
and objectives. 

2. SCIENCE APPROACH

The goal of EMIT is to advance understanding of 
the Earth’s mineral dust cycle and its impact on 
radiative forcing by using state-of-the-art ESMs 
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that are initialized with more accurate 
measurements of mineral dust source composition. 
EMIT has two science objectives: The first is to 
constrain the sign and magnitude of the dust direct 
radiative forcing at regional and global scales. 
EMIT achieves this objective by acquiring, 
validating and delivering updates of surface 
mineralogy used to initialize ESMs. The second is 
to predict the increase or decrease of available dust 
sources under future climate scenarios.  EMIT 
achieves this objective by initializing forecast 
models with the mineralogy of soils exposed within 
at-risk lands bordering arid dust source regions. 
These adjacent lands for future potential mineral 
dust sources are the sparsely vegetated lands within 
approximately 50 km of the current arid land dust 
source regions targeted by EMIT.  

EMIT uses imaging spectroscopy in the Visible to 
Short Wavelength Infrared (VSWIR) portion of the 
spectrum from the International Space Station 
(ISS) to measure the arid land mineral dust source 
regions of the Earth, recording the distinct spectral 
features of the iron oxide, sulfate, clay, and 
carbonate minerals on the surface.  Figure 2-1 
shows the VSWIR spectra of the dust source 
minerals that are the focus of the EMIT 
measurements.  Of particular interest for the EMIT 
radiative forcing objectives are the iron oxide 
minerals hematite and goethite that are strongly 
absorbing in the 400 to 1000 nm region that 
includes the solar peak signal.  

Figure 2-1.  Reflectance spectra in the VSWIR range of 
the EMIT designated dust source minerals showing the 

distinct spectral signature that is related to their 
composition.  

The arid land mineral dust source regions of the 
Earth have been identified by analysis of the 
estimated frequency of occurrence of mineral dust 
aerosols in the atmosphere without specific 
compositional knowledge (Ginoux et al., 2012). 
These dust source regions (Figure 2-2) lie below 
the orbit of the ISS. In another study, Chudnovsky 
et al, 2009 have demonstrated that the minerology 
of the dust emitted from the Bodélé Depression in 
Chad, as well as from the surface source, can be 
spectrally identified using the former imaging 
spectrometer, Hyperion, onboard the EO-1 
spacecraft and the USGA spectral library archive.   

Figure 2-2.  Location of the Earth’s mineral dust source regions as inferred from MODIS frequency of occurrence of 
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dust events (Ginoux et al., 2012). These are observable from the orbit of the ISS. 

Figure 2-3. Demonstration of the EMIT mineral spectral 
fitting approach with high altitude airborne imaging 

spectrometer measurements of the Salton Sea, CA 
mineral dust source region. 

Figure 2-4.  Comparison of existing clay and iron oxide 
ESM initialization products at Salton Sea with 

corresponding field validated AVIRIS 2014 imaging 
spectroscopy products shows that existing ESM products 

poorly predict iron oxide and clay occurrences.  

The EMIT science objectives are enabled by 
accurately updating surface mineralogy of arid 
land regions with imaging spectroscopy 
observations from the ISS.  To demonstrate this 
approach, an existing high altitude (20 km) 
airborne imaging spectrometer data set acquired by 
the Airborne Visible/Infrared Imaging 
Spectrometer (AVIRIS) over the Salton Sea, CA 
dust source area was analyzed.  Figure 2-3 shows 
the AVIRIS natural color image, a set of example 
spectra with spectral fitting region highlighted, and 
the resulting surface mineral map.  The predicted 
surface mineralogy was validated with field 
measurements.  The spectroscopy-derived 
mineralogy was then compared with the existing 
mineral products used to currently initialize ESMs 
for the Salton Sea region.  The comparison is 

shown in Figure 2-4.  There is poor agreement 
between the validated imaging spectroscopy 
determined mineralogy and the current mineralogy 
used to initialize ESMs. 

3. KEY MISSION REQUIREMENTS

From the EMIT science goal and objectives, high-
level science and instrument requirements were 
developed to provide the foundation for the full set 
of requirements needed to develop and implement 
the EMIT instrument and mission.  The science 
requirements for EMIT are given below. 
a) To determine mineral composition for the

required dust source minerals with diagnostic
signatures (hematite, goethite, illite,
vermiculite, calcite, dolomite, montmorillonite,
kaolinite, chlorite, and gypsum), the EMIT
investigation shall measure spectra in the
visible to short wavelength infrared range.

b) Acquire measurements over the arid dust source
regions that drive radiative forcing between
±50° latitude including those within Africa,
Asia, North America, Australia, and South
America, and adjacent lands that are potential
future mineral dust source regions.

c) To measure mineral composition in
heterogeneous dust source regions as well as in
adjacent lands with mixed vegetation and
exposed mineral soils, the EMIT investigation
shall sample spatial scales capable of assessing
mineral exposures ≤ 1 hectare.

d) To constrain the sign and magnitude of dust-
related radiative forcing and predict the increase
or decrease of available dust sources under
future climate scenarios, the EMIT investigation
shall acquire sufficient observations within 1
year from In-Orbit Checkout (IOC) to provide
spectroscopically-derived mineral compositions
to initialize ESM simulations.

e) Record, validate, publish, and deliver science
data records and calibrated geophysical data
products to the NASA-selected DAAC for use
by the scientific community.

From these science requirements, a corresponding 
set of high-level science instrument requirements 
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were developed and are given in the following list: 

d) The EMIT instrument shall measure in the
visible to short wavelength infrared range (450
nm to 2450 nm ±50 nm)

e) The EMIT instrument spectral sampling (≤15
nm) shall enable algorithms to determine the
mineral composition, atmospheric correction,
and assessment of confounding factors (e.g.
vegetation and clouds).

f) The EMIT instrument shall have a radiometric
range of 0 to 70% ±10% of maximum
Lambertian radiance to measure the EMIT dust
source mineral signals from the arid land dust
source regions.

g) The EMIT instrument shall have a swath of
≥1000 samples and a sampling distance of ≤100
m to acquire sufficient coverage to achieve the
EMIT science objectives within one year.

Starting from these science and science instrument 
requirements in conjunction with appropriate 
overarching NASA and ISS requirements the full 
set of EMIT requirements have been developed 
with appropriate margins to assure the science 
objectives will be achieved. 

4. INSTRUMENT DESIGN

The EMIT instrument is a modern imaging 
spectrometer that builds on the 30-year history of 
imaging spectrometer development at the Jet 
Propulsion Laboratory.  The first imaging 
spectrometer, the Airborne Imaging Spectrometer 
(AIS), was proposed in 1979 and first flew to map 
minerals on the Earth surface in 1982 (Vane et al., 
1984).  AIS was followed by the Airborne 
Visible/Infrared Imaging Spectrometer (AVIRIS) 
(Vane et al., 1993, Green et al., 1998) that first flew 
in 1986 and has flown in every subsequent year to 
date.  Imaging spectrometers have been used by 
NASA for science investigations throughout the 
solar system from the 1980s to the present.  Today, 
other space agencies and organizations are using 
imaging spectrometers for a broad range of new 
science and applications.   

Key measurement requirements of the EMIT 
imaging spectrometer are given in Table 3-1 in 

terms of spectral, radiometric, spatial, and 
uniformity characteristics.  The spectral cross-track 
requirement ensures uniform spectral calibration 
across the field of view for advanced spectroscopic 
retrieval algorithms.  The spectral IFOV 
requirement ensures the wavelengths recorded for 
each spectrum arrive from the same sample on the 
surface.  The current capability of the EMIT 
instrument under development exceeds these 
requirements with appropriate margin to achieve 
the EMIT science objectives. 

Table 3-1.  Key EMIT measurement requirements. The 
capabilities of the EMIT imaging spectrometer 
instrument under development have appropriate margin 
and exceed these requirements. 

Parameter Requirement 
Spectral 

Spectral 
Range 

410 nm - 2450 nm 

Spectral 
Sampling  

≤ 10 nm 

Spectral 
Response  

FWHM ≤13 nm. 

 Spectral 
Calibration  

≤10% 

Radiometric 
Radiometric 
Range 

observing without saturation for: 0 deg 
SZA, 70% constant reflectance observed 
at nadir, absent atmospheric absorption 

Calibration 
Uncertainty 

≤10%. 

Signal to 
Noise Ratio 

Spatial 
Swath Width >1200 pixel elements
Spatial 
sampling 

30-80 m at nadir

Spatial 
Response 

≤1.7 of the spatial sampling 

Uniformity 
Spectral 
Cross-Track  

≤10% 

Spectral 
IFOV  

≤10% 

The concept for the EMIT imaging spectrometer 
for mapping mineral composition on the surface of 
the Earth from the ISS is depicted in Figure 3-1. 
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Image acquisition is performed in push-broom 
fashion without the use of any pointing 
mechanism. 

Figure 3-1.  EMIT instrument approach for an optically 
fast VSWIR Dyson imaging spectrometer on the ISS to 

measure the Earth’s mineral dust source regions. 

4.1 Optical 

Recent imaging spectrometer developments at JPL 
are based on Offner and Dyson design forms 
(Mouroulis, et al. 2000; Mouroulis et al., 2018). 
These have good optical throughput and enable 
excellent spectral and spatial uniformity that is 
required for high fidelity spectroscopy and enables 
the use of the most advanced spectroscopic 
algorithms.  The optical design of the EMIT 
imaging spectrometer uses the Dyson form with an 
optical throughput of F/1.8 and is shown in Figure 
4-1. Broadband light enters the slit, then passes
through the refractive element to the grating where
the light is spectrally dispersed and then returns
through the refractive element to the order sorting
filter and detector array.  The EMIT spectrometer
measures the VSWIR spectral range from 380 nm
to 2500 nm with 7.4 nm spectral sampling.  There
are 1240 illuminated cross-track elements in the
slit direction.  This spectrometer is enabled by the
large concave shaped-blaze grating that is
fabricated at the JPL Microdevices Laboratory.

To deliver the required imaging performance for 
EMIT from the ISS, the spectrometer is configured 
with a two-mirror telescope shown in Figure 4-2. 
This telescope supports the 11° cross-track field of 
view required by EMIT and the 150 microradians 
spatial sampling in the along and cross-track 
directions. Together the Dyson spectrometer and 

the two-mirror telescope deliver the spectral, 
radiometric, spatial, and uniformity observation 
characteristics required by EMIT.  

Figure 4-1.  EMIT VSWIR Dyson spectrometer covering 
the spectral range from 380nm to 2500 nm with 7.4 nm 

sampling.  The spectrometer illuminates 1240 cross-
track elements of the HgCdTe 1280 x 480 detector array 

with 30-micron pitch. 

Figure 4-2.  EMIT imaging spectrometer configured 
with the all reflective two mirror telescope and Dyson 

full range VSWIR spectrometer.   

4.2 Mechanical 

The EMIT imaging spectrometer is planned to 
operate from site-8 on the ExPRESS Logistics 
Carrier (ELC) number 1 on the ISS.  Interface with 
this site is provided by the ExPRESS payload 
adapters (ExPA) (aka FRAM).  Figure 4-3 shows 
the mechanical configuration of the EMIT 
telescope and spectrometer on the Optical Bench 
Assembly (OBA) attached to the FRAM. 
Considerable engineering effort has been applied 
to meet the requirements for this interface as well 
as to accommodate the environments that will be 
encountered by EMIT from launch to installation 
and operation. 
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Figure 4-3.  The pre-PDR mechanical configuration of 
the EMIT telescope and spectrometer on ISS FRAM 

interface structure. Closeout panels, baffling, and 
blanketing not shown. 

4.4 Electrical and Software 

EMIT electronic components are located on the 
avionics bench below the optical bench.  The 
configuration of the electronic elements is shown 
in Figure 4-4.  Light enters the EMIT instrument 
and is recorded by the CHROMA (Teledyne 
Imaging Sensors, Inc.) HgCdTe detector array that 
is sensitive to light from 380 to 2500 nm.  The 
CHROMA detector array is controlled and the 
signals digitized by the Focal Plane Interface 
Electronics (FPIE-A), which also performs the 
signal digitization.   The FPIE-A interfaces to the 
CHROMA with a flex print cable and buffer board 
to ensure high signal quality.  A dedicated low 
noise Power Supply Unit (PSU) powers the FPIE-
A.   

A separate unit termed the FPIE-D handles all the 
high rate digital data and a number of other critical 
functions.  The FPIE-D includes a large solid-state 
data recorder (SSDR), advanced spectroscopic 
algorithms for cloud detection, screening, and data 
compression, and is the primary interface to the ISS 
for command, telemetry and science data transfer. 
The raw data rate of EMIT is 1.6 gigabits per 
second.  The SSDR has a capacity of 440 
gigabytes, allowing for long-term on-board storage 
of compressed and processed science data.  A 
separate electronic unit termed the ATOM supports 

housekeeping and temperature control.  The 
cryocooler control electronics provide the power 
and control for the Thales Inc. 9310 pulse-tube 
cryocooler. The EMIT Power Conditioning 
Electronics (PCE) receives 120 volts from the ISS 
and delivers the required power to all the EMIT 
electronic elements.  Additionally, there are 
survival heater and temperature sensors that 
interface directly to the ISS. 

Figure 4-4.  EMIT electronics bench that includes power 
conditioning, detector array control, high data rate 

processing, buffering, ISS interface, and thermal 
control. Closeout panels, baffling, and blanketing not 

shown. 

4.5 Thermal 

EMIT is a cryogenic VSWIR imaging 
spectrometer with a 2500 nm long wavelength 
cutoff HgCdTe detector array.  To enable the EMIT 
spectroscopic measurements, the CHROMA 
detector array temperature is controlled to 155 K 
and the spectrometer to 240 K.  The cooling for the 
EMIT detector and spectrometer is provided by a 
single Thales 9310 pulse tube cryocooler with 
separate optimized thermal conductors.  The heat 
from the cryocooler and all of the electronics is 
rejected to space from EMIT with via two 
radiators.   Figure 4-5 shows the EMIT instrument 
and the two large radiators facing in the wake and 
nadir directions. This has been a significant 
engineering challenge for EMIT and requires the 
use of Variable Conductance Heat Pipes (VCHPs) 
and other specialized thermal hardware.  The 
EMIT thermal design also accommodates the 
challenges of the full range of power and 
unpowered environments through the phases of 
launch, transport, installation, and operations. 
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Figure 4-5.  EMIT instrument configured with nadir and 
wake radiators to dissipate heat from the cryocooler and 

all electronic elements. Closeout panels, baffling, and 
blanketing not shown. 

4.6 Integration, Test and Calibration 

To complete the development of the EMIT 
instrument the optical, mechanical, electrical, and 
thermal elements must be integrated, tested and 
calibrated.  This process includes verifying the 
performance of the subsystems as they are 
delivered as well as the intermediate test of 
performance as the instrument is being assembled. 
Once assembled, EMIT will pass through 
appropriate dynamic and electromagnetic testing to 
confirm performance with margin through relevant 
environments.  Calibration is another key element 
in the integration and test phase.  These 
measurements are used to determine the spectral, 
radiometric, spatial, and uniformity calibration of 
EMIT such that the recorded signals can be 
converted to scientifically usable measurements 
with units, response functions, and corresponding 
uncertainties at levels that meet EMIT 
requirements.  Following final performance 
verification, EMIT will be delivered to the launch 
site for transport to the ISS, installation, in-orbit 
checkout and to begin the operational phase of the 
EMIT mission. 

5. MISSION ELEMENTS AND PLANNED

OPERATIONS 

EMIT will be ready for a launch to the ISS in late 
2021.  Following arrival at the ISS, EMIT will be 
robotically transferred and installed on ELC-1 site-

8. EMIT will then enter a 30-day period of in-orbit
checkout to confirm the instrument is operating
properly and ready to collect the imaging
spectroscopy measurements required for the
science objectives.  EMIT instrument operations
on the ISS involve interaction with multiple NASA
centers and elements within each center, as shown
in Figure 5-1.  At JPL, this effort is led by the EMIT
Instrument Operation System (IOS).  During
project development, the responsibilities of IOS
will be to: develop requirements, operations
concept, and design; configuring GDS software
tools for EMIT planning, command and telemetry;
plan and configure GDS security, networks, and
data storage; plan and perform IOS GDS V&V and
testing; and generate operations documents,
processes, and procedures. During EMIT
operations, the IOS will: plan observations (with
input from science team); generate instrument
activity schedule; generate, verify and validate
instrument commands; transfer instrument
commands to HOSC; deliver L0 and ephemeris
data to SDS; monitor instrument health and status;
perform instrument H/K trend analyses; evaluate
instrument performance; maintain instrument
engineering data storage; maintain and operate
instrument testbed; and respond to and resolve
instrument anomalies. The EMIT IOS
implementation leverages architecture exercised
by two other JPL instruments currently operating
on the ISS, ECOSTRESS and OCO-3.

The EMIT Science Data System (SDS) is the 
collection of software whose primary 
responsibilities are to convert science telemetry 
into derived data products through a pipeline 
process and to distribute science data products to 
the science community.  The EMIT SDS draws 
from the experience of acquiring, calibrating and 
delivering imaging spectroscopy measurements 
and products for more than 20 years at the Jet 
Propulsion Laboratory.  Key instruments that have 
been supported are AVIRIS-Classic, AVIRIS-Next 
Generation and Portable Remote Imaging 
Spectrometer (PRISM) (Mouroulis et al., 2012). 
This architecture was also used to support the 
NASA Discovery Moon Mineralogy Mapper 
mission (Pieters et al., 2009; Green, et al., 2011). 
The functional scope and architecture of the EMIT 
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SDS is shown in Figure 5-2.  The current 
processing capability of the SDS is supported by a 
high-performance compute cluster consisting of 32 
compute nodes and more than 3 petabytes of 
storage.  Responsibilities of the EMIT SDS will be 
to: manage data production; store and track input, 
output, and ancillary data; generate software 
modules for pipeline processing; adapt existing, 
functioning imaging spectrometer software module 
prototypes (for Level 1B through Level 2A data 
products); generate and distribute validated EMIT 
data products; ensure the system is capable of 

ingesting up to 140GB of Level 0 data daily; handle 
output data products of ~1TB per day; manage the 
delivery of validated data products delivered to the 
LP DAAC for distribution to the public; support 
EMIT IOS and monitor instrument performance; 
generate instrument performance reports; generate 
quicklook images (RGB PNG images); distribute 
data products to EMIT Science Team; and support 
validation and verification activities performed by 
the EMIT Science Team. 

Figure 5-1.  Key elements of the EMIT instrument operations and data system architecture. 

Figure 5-2.  EMIT science data system role in the EMIT mission. 
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Table 5-1.  Data products generated in the Science Data 
System and with the science team to achieve the EMIT 
objectives. 

Data 
Product 

Description  

Level 0  Raw collected telemetry. 

Level 1a  

Reconstructed, depacketized, 
uncompressed data, time referenced, 
annotated with ancillary information 
reassembled into scenes. 

Level 1b  
Level 1a data processed to sensor units 
including geolocation and observation 
geometry information. 

Level 2a  
Surface reflectance derived by screening 
clouds and correction for atmospheric 
effects.  

Level 2b  
Mineralogy derived from fitting 
reflectance spectra, screening for non-
mineralogical components.   

Level 3  
Gridded map of mineral composition 
aggregated from level 2b with 
uncertainties and quality flags. 

Level 4  
Earth System Model runs to address 
science objectives. 

The key EMIT data products delivered by the SDS 
are listed with descriptions in Table 5-1. These 
products are enabled by a long history of imaging 
spectrometer processing algorithms.  Radiometric 
calibration converts the raw digitized values to at 
sensor radiance (Green et al., 1998, Chapman et al., 
2018).  Atmospheric correction compensates for 
the atmosphere and solar illumination geometry to 
deliver as surface reflectance product (Gao 1993, 
Thompson et al., 2015, 2018, 2019).  The 
Tetracorder algorithm (Clark et al., 2003) is used 
to determine surface mineral composition for the 
reflectance product.   Existing cloud mask and 
vegetation analysis algorithms (Roberts et al., 
1998, Okin et al., 2001, Dennison et al., 2016) will 
be used to provide ancillary products beyond the 
EMIT designated minerals.  A band depth 
algorithm and aggregation will be used to upscale 
the full resolution EMIT products to the scales 
required by the ESMs.  For the ESM analyses, 
EMIT will use the National Science Foundation’s 
Community Earth System Model (CESM) models 
(coordinated at the National Center for 
Atmospheric Research, NCAR), as described in 
Scanza et al. (2015).  The NASA Goddard Institute 
for Space Studies (GISS) Earth System Model E2.1 
will also be used to calculate mineral composition 

and radiative forcing.  Model E2.1 is an update of 
the GISS Model E2 (Schmidt et al. 2014), used by 
Perlwitz et al. (2015a, b) and Pérez et al. (2015, 
2016) and participated in the coordinated 
experiments of Coupled Model Intercomparison 
Project 6.  All products, including EMIT model 
runs for the science objectives, will be delivered to 
the Land Processes Distributed Active Archive 
Center (LP DAAC) for use by the broader science 
and applications community. 

Following in-orbit checkout, EMIT will begin the 
one-year operations phase and begin collection of 
science data.  A target list is prepared for each orbit 
based on the illumination conditions and the 
mineral dust source regions that occur below the 
ISS orbit.  Figure 5-3 shows an expected typical 
orbit with dark signal level measured on the 
unilluminated portion of the orbit and mineral dust 
source targets collected under solar illumination 
conditions.   

Figure 5-3. Example EMIT observation for one orbit 
collecting measurements over targeted dust source 

regions. 

The combination of the ISS’s precessing orbit, 
ground-illumination conditions, and fractionated 
science target masks results in an irregular image 
acquisition cycle over the course of a year with 
individual scenes varying in length from 15 
seconds to nearly 600 seconds. Figure 5-4 shows 
the irregular cadence over the course of one 
simulated year.  
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Figure 5-4. Imaging strips of varying length are 
acquired over a calendar year. Gaps in acquisitions 

occur due to unfavorable observation geometry. 

Figure 5-5 shows the expected coverage by EMIT 
after one year of observations from the ISS with 
excellent coverage of the Earth’s mineral dust 
source regions and adjacent lands.  Analysis with 
available cloud statistics and knowledge of the ISS 
orbit predicts EMIT will be capable of collecting 
the required spectroscopic observations within 6 
months.  This provides good margin with respect 
to the one of year planned operations on the ISS. 
These high-fidelity spectroscopic observations in 
conjunction with the SDS processing and science 
team provide the basis to achieve the science 
objectives that are the focus or the EMIT mission. 

Figure 5-5.  Depiction of the predicted coverage of the Earth’s mineral dust source regions after one year of in-orbit 
operations on the ISS. Color is indicative of the acquisition illumination conditions from 0° (green) to 45° (yellow) 

solar zenith angle. 

6. SUMMARY AND CONCLUSIONS

The EMIT science objectives are to reduce 
uncertainty in how mineral dust aerosols impact 
radiative forcing in the Earth system now and how 
that may change in the future.  EMIT achieves 
these objectives by acquiring more than one billion 
direct spectroscopic observations of the Earth’s 
arid land mineral dust source regions.  The EMIT 
observations are enabled through development of 
the EMIT imaging spectrometer instrument that is 
a state-of-the-art VSWIR Dyson design with high 
throughput and excellent spectroscopic uniformity. 

The full rigor of the NASA space instrument 
development process is being used across the 
disciplines of systems, optical, mechanical, 
electrical, integration and test, as well as 
instrument operation and the science data system. 
Following launch and in-orbit checkout, the EMIT 
measurements will be acquired with one year of 
operation on the ISS from ELC-1 site-8 that 
provides a nadir view to the Earth.  The EMIT 
science team will validate the spectroscopic 
measurements and derived products and use the 
gridded mineral composition product to initialize 
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the designated ESMs to achieve the EMIT science 
objectives.  All measurements from EMIT will be 
delivered to the Land Process Distributed Active 
Archive Center and made available to the broad 
science and applications communities for 
additional investigations.  At the end of the 
mission, EMIT will have delivered the most 
comprehensive imaging spectroscopy data set for 
the targeted arid regions of the Earth, advancing 
understanding of the impacts of dust on the Earth 
system. 
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