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Remote sensing of aerosol in the terrestrial atmosphere
from space: new missions
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The distribution and properties of atmospheric aerosols on a global scale are not well known in terms of determination of their eects on climate. This mostly is due to extreme variability of aerosol concentrations, properties,
sources, and types. Aerosol climate impact is comparable to the eect of greenhouse gases, but its inuence is more
dicult to measure, especially with respect to aerosol microphysical properties and the evaluation of anthropogenic
aerosol eect. There are many satellite missions studying aerosol distribution in the terrestrial atmosphere, such as
MISR/Terra, OMI/Aura, AVHHR, MODIS/Terra and Aqua, CALIOP/CALIPSO. To improve the quality of data
and climate models, and to reduce aerosol climate forcing uncertainties, several new missions are planned. The
gap in orbital instruments for studying aerosol microphysics has arisen after the Glory mission failed during launch
in 2011. In this review paper, we describe several planned aerosol space missions, including the Ukrainian project
Aerosol-UA that obtains data using a multi-channel scanning polarimeter and wide-angle polarimetric camera. The
project is designed for remote sensing of the aerosol microphysics and cloud properties on a global scale.
Key words:

atmosphere, aerosol, cloud, climate, polarimeter

introduction

launch of the Glory mission [29] in 2011, the gap
in aerosol orbital instruments has appeared, as similar missions are not planned until 2019 at the ear-

The distribution and properties of atmospheric

liest.

aerosols on a global scale have not yet been stud-

garding climate forcing in aerosol-cloud interactions

sive climate modelling. Aerosol climate impacts are

and ocean ecosystem carbon dioxide uptake [30].

comparable to those of the greenhouse gases, but

The ACE mission is expected to be launched in

are more dicult to measure, especially with re-

2024, preceded by the Pre-ACE mission in 2019 or

spect to aerosol microphysical properties and estimates of anthropogenic component eect.

later.

Accu-

CNES, an advanced aerosol polarimeter is planned

pecially, of their anthropogenic part, are still not

for launch in 2020 or later in the framework of the

This makes it dicult to pro-

project 3MI [1]. Two more instruments/missions are

vide accurate climate change modelling and for-

planned, namely, the Multiangle Spectro Polarimet-

mulate scientically justied social and economic
programs.

ric Imager (MSPI) as a possible instrument for an

There are number of satellite missions

ACE mission [7], and the SPEX instrument [39] de-

studying aerosol distribution in the terrestrial atmo-

signed by the NWO-SRON Netherlands Institute for

sphere, such as MISR/Terra, OMI/Aura, AVHHR,
MODIS/Terra

and

Aqua,

After a successful nine years of operation of

the POLDER/PARASOL aerosol space mission of

rate quantitative evaluation of these eects and, eswell developed.

NASA's Aerosol Cloud Ecosystems (ACE)

mission is planned to reduce the uncertainty re-

ied suciently in order to be useful in comprehen-

Space Research.

POLDER/PARASOL,

CALIOP/CALIPSO (see e. g., [23, 25, 30, 33]). To

A

comprehensive

review

of

the

multi-angle

improve the quality of data and climate models,

spectro-polarimetric technique for aerosol study from

and to reduce aerosol climate forcing uncertainties,

a satellite is given in [22].

several new missions are planned.

planned aerosol missions are considered with the

After the failed
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main focus on the Ukrainian space project Aerosol-

and origin. The polarization accuracy of APS is pro-

UA, with two instruments:

vided by a comprehensive set of on-board calibration

a multi-channel scan-

ning polarimeter and a wide-angle polarimetric cam-

for each scan of the atmosphere.

Multiangle SpectroPolarimetric Imager (MSPI)

era [40].

is also considered as an aerosol polarimeter instrument for the ACE mission.

aerosol cloud ecosystems mission

MSPI is a new type

of wide-angle polarimetric camera with polarimetric precision better than 0.5% and time resolution of

The Aerosol-Cloud-Ecosystem (ACE) mission of
NASA has been discussed since 2007 and has as its

> 0.04 s.

goal to answer questions on aerosols, clouds, and

axis anastigmatic telescope, and images are created

global ocean ecosystems interaction . Aerosols mea-

by scanning in pushbroom mode. The polarization

1

is measured using dual photoelastic modulators set

sured by ACE will cover anthropogenic and natu-

between quarterwave plates (Fig. 1) and assembly of

ral origins with distinguishing aerosol types, opti-

linear polarizers and dielectric lters set above the

cal properties, and size. The mission should provide

focal plane of the sensor array [8, 33].

two decade surveys, in particular aerosol, to estimate

865 nm with accuracy

cloud creation, to reduce the uncertainty in aerosol-

< 0.3%

in Stokes parameters

I, Q/I and U/I, radiometric accuracy

cloud interaction, as well as the uncertainty in the

eld of view of

The main

30◦

< 3%, and a
0.02◦ . Two

with a resolution of

MSPI imagers, one ground-based and one for air-

scientic instruments for the mission are planned

craft ights, are in operation [8].

to include equipment for (1) aerosol and cloud top

Instruments are

providing polarimetric images with approximately

heights, aerosol properties measurements (lidar); (2)

1500 times5100

cloud and precipitation microphysics structure mea-

pixel resolution.

One more MSPI

instrument under development will allow registering

surements (radar); (3) aerosol optical properties and

a scene at wavelength to 2.1 µm. MSPI polarimetric

aerosol type measurements (polarimeter). Addition-

imager provides multispectral polarimetry with ca-

ally, a spectrometer for ocean colour, microwave

pability for retrieving key aerosol parameters in the

radiometers for cloud ice, precipitation, and water

atmosphere. Due to the uncertainties in the aerosols

measurements, and a microwave sounder for temper-

contribution that are larger than the other con-

ature and humidity measurements, will be onboard

stituents combined in the Earth atmosphere energy

the mission.

balance, the MSPI was developed for the ACE mis-

One of the candidate instruments for aerosol mi-

sion in order to reduce these uncertainties [6, 9, 10].

crophysical studies to be used on the ACE mission,

PACS multi-angle imaging polarimeter. Passive

is the Aerosol Polarimetry Sensor (APS), discussed

Aerosol and Clouds Suite (PACS) polarimeter was

in [4, 29]. APS is a scanning multispectral polarime-

developed for cloud and aerosols investigations [14]

ter with narrow eld-of-view in nadir and a multi-

and is a new type of imaging multiangle polarimet-

angle scene view by a scan along track. This instru-

ric instruments designed to study microphysics of

ment previously was designed and created for the

aerosol and cloud particles.

NASA Glory mission, which has been unsuccessful

The PACS polarime-

ter is designed as a wide eld-of-view multispectral

2

due to a failed launch in March 2011 . APS instru-

polarimeter for instantaneous measurements in three

ment data products include all parameters that char-

linear polarization channels to retrieve three Stokes

acterize the microphysical and optical properties of

parameters. Observations at the wavelengths at 470,

particles: aerosol optical thickness, aerosol particle

550, 675, 760 and 875 nm in the three linear polar-

eective radius and size distribution, spectral refrac-

ization channels provide polarimetric accuracy suf-

tive index, single scattering albedo, and aerosol morphology (all for ne and coarse modes).

MSPI pro-

vides images at polarization wavelengths 470, 660,

indirect eects of aerosols through modication of

impact of aerosols on climate change.

The camera consists of a three-mirror o-

ciently high for aerosol microphysical study.

For cloud

The

PACS polarimeter was tested aboard an aircraft dur-

properties APS will provide information on the cloud

ing the PODEX experiment and registered data on

thermodynamic phase, cloud droplet eective radius,

aerosol and clouds over various types of Earth sur-

variance of size distribution, and cloud liquid droplet

3

faces .

optical thickness [29]. These data will enable to separate natural and human-caused aerosols, investigate
black carbon soot and other aerosols as atmospheric

SPEX spectropolarimeter

constitutions for climate change. The main feature of

instrument

APS instrument is polarization accuracy that reaches
a level better than 0.15% in each spectral channel

The SPEX (Spectropolarimeter for Planetary Ex-

according to the radiances test [4]. This accuracy al-

ploration) instrument was designed in NWO-SRON

lows to separate aerosols by refractive index in type

Netherlands Institute for Space Research, and is yet

1 http://dsm.gsfc.nasa.gov/ace/
2 http://www.nasa.gov/mission_pages/Glory/news/mishap-board-report.html
3 http://www.nasa.gov/topics/earth/features/qa-starr.html
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another novel spectropolarimeter with high polariza-

eters will be obtained in near real time. The 3MI in-

tion measurement accuracy [15, 35, 39]. For the pur-

strument is planned for the EPS-SG (EUMETSAT

pose of studying aerosol microphysics, the polariza-

Polar System-Second Generation) project to allow

tion measurement must have an accuracy of better

comprehensive Earth atmosphere aerosol investiga-

than 0.1%, and a large eld of view is needed for

tion for the coming 20 years in 20212040.

global coverage. The SPEX instrument can achieve

aerosol-UA mission

these demands in polarimetric aerosol remote sensing. SPEX is built on a new technique for polariza-

design of the ScanPol polarimeter

tion measurements using several birefringent crystals and spectral modulation the radiance of scattered sunlight [36].

The scanning polarimeter ScanPol of the Aerosol-

The spectral modulation am-

UA mission is based on the concept of the NASA's

plitude and phase are proportional to the degree
and angle of linear polarization.

Glory satellite project [4, 29].

Two modulated

spectra are produced with a 180 degree phase shift
between modulations.

The purpose of the

Glory mission was to monitor the spatial and temporal distribution of the main characteristics of tropo-

The sum of the two spec-

spheric and stratospheric aerosols and clouds in the

tra produces a modulation-free high resolution scat-

atmosphere, using the Aerosol Polarimetry Sensor

tered sunlight radiance spectrum [36]. In this way,

(APS) [29]. The ScanPol is also a continuous scan-

a SPEX polarimeter provides a 0.1% linear polar-

ning polarimetric instrument. ScanPol is designed to

ization polarimetric accuracy, which enables the re-

make along-track multi-angle observations of spec-

trieval of aerosol properties for climate modelling:

tral polarization and radiance scene for the Earth's

optical thickness, size, shape, refractive index, and

surface and atmospheric components.

single scattering albedo.

This multi-

channel instrument has the capability to collect polarized radiometric data scattered from aerosols and

advanced aerosol polarimeter

clouds in a wide spectral range. The number of spectral channels in the ScanPol is reduced to six as com-

in the project 3MI/EPS-SG

pared with polarimeter APS, however, a new spectral channel at 370 nm is added.

The POLDER-1, POLDER-2 and PARASOL po-

The polarimeter

larimeter missions which have been in operation

ScanPol allows to measure Stokes parameters I, Q,

since 1996, have shown the value of using polari-

U within the spectral range from the near ultravio-

sation for studying atmospheric aerosols [37].

let (UV) to the short-wave infrared (SWIR) spectral

The

development of the POLDER instrument features

band in a wide range of phase angles.

to increase the capabilities for polarization measure-

the photometric accuracy of ScanPol to be approxi-

We expect

ments the Multi-directional, Multi-polarization and

mately 4%, and the polarimetric accuracy to be ap-

Multispectral Instrument (3MI) is proposed [1]. The

proximately 0.2%.
The polarimeter module of the ScanPol is com-

improvement of the POLDER parameters will be
done by increasing the spectral range from UV (ul-

posed of two major modules:

traviolet) to SWIR (shortwave infrared), improving

system and the optical module (Fig. 3).

the spatial resolution and increasing the swath di-

mirror scanning system is designed to direct solar

mension of the instrument.

radiation scattered by the investigated area of the

◦

3MI will have a large

the mirror scanning
The two-

swath (eld of view 114 ) and a better spatial reso-

atmosphere-surface system.

lution, increased to 2 km and 4 km for the VIS and

has a pair of mirrors that form a neutral polarization

SWIR channels respectively in comparison to the

combination. Mirrors rotate at a speed of approxi-

10 km spatial resolution for POLDER. Addition of

mately 40 rpm in the plane of the spacecraft orbit.

polarization in the SWIR channel will provide infor-

The ScanPol viewing angle range on the Earth is

mation for aerosol coarse particles over land and will

about

±60◦

The scanning system

from nadir direction.

The optical module includes four optical units:

help to extract the aerosol size distribution with total, ne, coarse, spherical and non-spherical modes.

VIS-1, VIS-2, IR-1, and IR-2 (Fig. 3).

Improved resolution and additional spectral channels

unit consists of three spectral channels in the spec-

Each VIS

will enable better cloud detection.

The concept of

tral range 370555 nm and each IR unit includes 3

the 3MI instrument [1] is shown in Fig. 2. The 3MI

spectral channels in the spectral range 8651610 nm

polarimeter will help improve the daily global cov-

(see Fig. 3).

erage, and perform multi-angle measurements, be-

The spectral channels of the VIS units are used

cause of a larger swath along and across track di-

to study (1) the tropospheric aerosol absorption ca-

rections [1].

pacity and its vertical distribution (channel 370 nm,

The 3MI mission will provide the set

of aerosol parameters: aerosol optical thickness and

∆λ = 10 nm),

particle size for ne, coarse and total modes with hor-

land surface (410 nm,

izontal resolution better than 10 km, Angstrom ex-

the ocean and sensing aerosol (555 nm,

ponent, refractive and non-sphericity index, aerosol

(2) the aerosol over the ocean and the

∆λ = 20 nm), and the colour of
∆λ = 20 nm).

The optical IR units spectral channels are required

absorption and height index [1, 24]. All these param-

13

(1)

for

sensing

aerosol

over

ocean

and

Advances in Astronomy and Space Physics

land

(channel

separation

the

865 nm,
signals

G. Milinevsky, Ya. Yatskiv, O. Degtyaryov et al.

∆λ = 40 nm),
from

cirrus

(2)

clouds

for

networks AERONET [16, 17], SKYNET [20], Pre-

and

cision Filter Radiometer (GAW-PFR) [21].

Vali-

stratospheric/tropospheric aerosols, and to separate

dation of the Aerosol-UA mission data by ground-

stratospheric aerosols caused by major volcanic erup-

based measurements will be performed using the

tions (1378 nm,

∆λ = 40 nm),

(3) for assessing the

technique, equipment, and experience of the sun-

contribution of the Earth's surface to the measured

photometer AERONET network [16, 27, 28], where

signal over land (1610 nm,

∆λ = 40 nm).

The wave-

the international scientic AERONET community

length at the maximum of the lter passband and its

will be involved to participate in the Aerosol-UA

bandwidth

∆λ (i. e., full-width at half-maximum) for

mission support.

each channel is shown in brackets.

Particularly, the aerosol proper-

ties data obtained from Ukraine AERONET sites,

The optical layout of the instrument and optical-

equipped with CIMEL CE318 sunphotometers, have

mechanics unit assembled with a scanning system

enabled to determine the aerosol seasonal behaviour

general view are shown in Figs. 3 and 4, respectively.

in the atmosphere over Ukraine [3, 27].

Each of the optical units consists of the following

of the ScanPol and MSIP space-born polarimeters

optical elements sequenced from the mirror scan-

data will be performed by comparison of the colum-

ning system: input lens which forms an intermedi-

nar spectral aerosol optical depth (AOD) and colum-

ate image of the object; eld diaphragm (Fig. 3, not

nar aerosol particles properties obtained from simul-

shown); collimator; Wollaston prism splitting rays

taneous measurements of the optical characteristics

into two components with the S and P orthogonal

of the same air mass by both the orbital ScanPol

polarizations and thereby performing the function

polarimeter and ground-based sunphotometer. The

of analyzer; a system of dichroic mirrors and inter-

simultaneity (coincidence) criterion of the space-

∆λ;

Validation

and camera

born and ground-based measurements has been de-

lenses forming two images (S and P) on the detec-

termined, for example, in [5, 13, 18, 19]. But there

tor.

are specic problems in coincident ground-based and

ference lters with spectral range

satellite measurements of the same air mass optical

wide-angle multispectral camera

properties in the case of the ScanPol, similar to the

The information on cloud conditions and the

case of the Glory/APS and CALIOP, due to a very

Earth's surface, including geographical coordinates

narrow eld of view of these instruments [26, 31].

of the scene, is need for correct interpretation Scan-

In order to acquire as much data as possible, it

Pol data. In the concept of the Aerosol-UA mission,

is planned to use the CIMEL sunphotometers for

the multispectral wide-angle polarimetric camera-

mobile ground-based measurements of the aerosol

imager MSIP was included for that purposes. MSIP

properties in the sites located close to Aerosol-UA

will serve to collect images on state of the atmosphere

ground trace and close to its passage time. Also, the

(cloud distribution) and surface (surface homogene-

portable sunphotometer Microtops II will be used for

ity, land surface, sea surface) in the area of the Scan-

mobile spectral AOD measurements in accordance

Pol polarimeter measurements. MSIP will help to re-

to AERONET programme.

trieve the aerosol optical depth in four spectral channels 410, 555, 865, and 936 nm (∆λ

= 20 − 40 nm),

from ships in various sites of the planet as a part of

and estimate the polarization properties by registering three Stokes parameters simultaneously.

AERONET [34].

Four

Using the mobile AERONET site will enable to

independent identical camera units will collect im-

◦
ages with a eld-of-view 60

×

60◦ (800

perform coincident space-based and ground-based

× 800 km)

measurements very close to the Aerosol-UA ground

with a spatial resolution of approximately 4 km. The

trace, and to enhance the satellite data accuracy.

aperture diameter of the camera is 22 mm, the total
length is 300 mm, and the detector size is

Experiences in aerosol properties mobile measure-

20×20 mm.

ments acquired earlier in various regions of Ukraine

The unit of the polarization analysis is based on birefringent prism or polarizing lm.

This portable sunpho-

tometer is used successfully for aerosol measurements

(see [2, 28]) allow us to ne-tune the experimen-

The polarization

tal technique for ground-based validation of aerosol

accuracy for camera should be better than 1%. That

studies in the Earth's atmosphere by the Aerosol-UA

will be reached as expected by using intercalibration

mission instruments.

within the ScanPol data onboard the satellite. The

Also in situ measurements of the aerosol particle

multispectral polarimetric camera-imager MSIP can

properties with special instruments such as integrat-

be the main instrument onboard Aerosol-UA satel-

ing nephelometers and particle size spectrometers

lite mission if the task of polarimetric calibration will
be solved.

will be useful in the locations close to the Aerosol-

ground-based validation

hicles that allow performing measurements on vari-

UA traces, particularly installed on the ying ve-

Validation of aerosol space missions with ground-

ous heights over land. The ground-based validation

based measurements is provided using networks of

program for the Aerosol-UA mission is based on the

special instruments.

proposals earlier stated for NASA's Glory mission

Most developed tools are li-

dar network EARLINET [32] and sunphotometer

project validation [38].

14

Advances in Astronomy and Space Physics

G. Milinevsky, Ya. Yatskiv, O. Degtyaryov et al.

conclusions
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Several aerosol missions are prepared for comprehensive study of aerosol in the Earth's atmosphere, in order to reduce gaps in knowledge on
aerosol properties, microphysics, and origin.

The

most promising results from the Pre-ACE mission
experiment follow from NASA's Polarimeter Denition Experiment (PODEX) in 2013 using the AirMSPI instrument [9].

The instrumentation for the

aerosol space experiment Aerosol-UA has been developed, in particular, the ScanPol polarimeter has
been designed. The components of the ScanPol polarimeter have been computer-designed and prototyped, including the optical-mechanical and electronic assemblies, as well as the scanning mirror controller. Initial technical requirements have been developed for the elements of spectral selection; in particular, dichroic mirrors and interference lters have
been developed.

The ScanPol polarimeter optical-

mechanical unit equipped with a multichannel optical information reader has been built and prepared
for a laboratory test. A preliminary investigation of
the scanning mirror unit has been performed. The
results have shown that the proposed combination
of mirrors allows compensating the reection polarization from the mirror metal coatings. The optical
layout of the multispectral wide-angle polarimetric
camera-imager MSIP has been modelled.

The im-

ager MSIP will serve as a monitor of weather conditions and to register polarimetric images along the
ScanPol polarimeter ground track. We expect to process the data from ScanPol polarimeter and MSIP
multi-spectral polarimetric camera using the new
GRASP inversion algorithm that shows promising
results for obtaining multi-instrument aerosol measurements [11, 12].

Methods for the validation of

satellite data using a mobile sunphotometer station,
as well as for the calibration of aerosol polarimetry,
have been further developed.
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