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Remote Sensing:
Acquisition of information
about an object or
phenomenon without
making physical contact with

the objec

——
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Optical Remote Sensing

Passive Remote Sensing Active Remote Sensing




Optical Remote Sensing,
The Earth Atmosphere

e Radar e Visibility measurement

e Lidar  Radiometers
 Sunphotometre
 Spectrophotometer



Passive optical remote sensing

Solar il
Radiation ~

=

Radiation Propagation
Through Medium

Receiver &
Detector

Signal Propagation 4
Through Medium
System Control & |
Data Acquisition y

'

Data Analysis
& Interpretation




Passive optical remote sensing
Visibility observation

 Looking at targets of h
different size for to (L) = /kext()u,Z) dz
measure the visibility at 0
different ranges.



Passive optical remote sensing
Radiometry

Beer-Lambert-Bouguer attenuation law:

I(L) = M) o (—m (1))
~ TRz CRTMEA N
I/ (:ﬁ.) solar radiance over the SPM N
Io(A) solar radiation behind o) . .
the atmosphere mﬁg"]
2
R mean Earth-Sun distance I
Ta
m relative optical air mass

/_‘Z I(»)
Y 0

K. N. LIOU, An Introduction to Atmospheric Radiation, Second Edition, 2002, Elsevier Science (USA)

T (A) Total optical depth



sZenith

Almucantar S

Sunphotometer, sun and
sky measurement modes




Passive optical remote sensing
Cimel CE-318 Sunphotometer

Sun Mode: Sky Mode (Principle plane, Almucantar,
e 440 670 870 936. 1020 nm Polarized principle plane) :

« Aerosol optical depth » 440, 670, 870, 936, 1020 nm

e Columnar optical depth e Particle Size Distribution Function

e Phase function and Polarized Phase Function

Angstrom exponent

e Single scattering albedo
e Complex Index of Refraction

e Degree of linear polarization

Holben B.N.1, et al.Remote Sensing of Environment, 1998
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Sky colllmator

Sun collimator

\ 5 o g Robots
/ ;

Four quadrant position detector

Sensor head

J-_w pan

* Electronic box

Sunphotometer CE 318-2, IASBS site
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Aerosol Robotic Network
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Passive optical remote sensing
Cimel CE-318 Sunphotometer / Particle size

An empirical formula to approximate the spectral dependence of the
atmospheric extinction caused by aerosols, Angstrom (1929)

. - Angstrom exponent, a
TA,/I o ﬂﬂ’ qualitative measure of

particle size

a < 0.6 Dust
a>0.6 Other fine mode particles

King, M. D. et al., J Atoms. Sci., 1976
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Active Remote Sensing



Lidar, Spatial Resolution

Beam width (half angle) and
smallest possible Field of view:

1
1

A wavelength
D: antenna diameter

Radar

Radar: A=10 cm, D=1 m then

0~0.1rad or 6°

Lidar: A=0.5 um, D=0.1 m then

O~5 urad or 1”’!




Lidar, Temporal Resolution

Temporal resolution or accuracy on measuring
the range, depends on:

e Laser pulse length,
e Digitization technich.

18



Lidar, Installation and Structure

Lidar Configuration

Monostatic,

Colocated Transmitter &
Reciver

Bistatic,

Receiver & Transmitter
at different locations

Coaxial,

Same optical axis for
Receiver & Transmitter

Biaxial,

Different but parallel
optical axes for
Transmitter & Receiver |

19




ground based

20

Installation

space born
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Lidar
Principle

*  Molecules
 Rayleigh Scattering

Dust:
* Mie scattering

. Clouds:

* Geometrical scattering
(Wavelength insensitive)

Laser Transmitter

Field StOp ' s

Filter =1

Telescope

Collimating Lens

Focusing Lens

Detector

22



Lidar Equation

P, (R) = SEAMGR)E el o[ a(R)ck|

(R) =KA.n(2)

S|g
Lidar Signal Pgig(R)
Laser Energy E
Telescope Area A
Correction for Optical Components M
Overlap Function G(R)
Backscattering coefficient B(R)

Extinction Coefficient a(R)

23



Lidar Principle:

Absorption =D Extinction
. (@)
e LA L Scattering >
T Z TN |
N4 ”/l’f/ / /' \- chttlzr(l)r;\g =D Backsi[as';tering
M T” ”T ”W I H T” M Integrated Attenuated Backscatter
e LW .
(ngs;:szzd) Telescope Depolarization
™ A(R):P2+PLP
Opticfal I L
N lidar ratio
A_?C s=alp
| Recording 24



Depolarization

Drop lce Dust

25



Problem:

Lidar equation solution?

| 4

P. (R,1)=P

sig

laser

C(R) [

“(R)+ ™ (R) exp[

¥

2[" [ajer(r)+a;“°'(r)]dr}

We have a signal with two unknown variables
1. aerosol volume back scattering
2. Aerosol volume extinction

26




Raman Lidar a solution for Lidar quation

Elastic Signal

(R,A)=P

laser

=

<l (R) + ,B”“"(R)]exp[ 2[" [aaer(r)+am°'(r)]dr}

S|g

Raman Signal

Py (R /1Ra) = I:)Iaser C(R)

sig

B Ry exp| [Tt (1) + (1) + (1) + a7 (1) o |

For reducing the unknowns we use from angstrom expoent.

aaer (/10) — /’LRa
aaer (ﬂ’ra ) 2’

(0]
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The IASBS Raman Lidar

12 F607
PMT-PC
607nm - | ]
T PBS
532nm 1 -
L5 F532
L4

PMT
532an

Borzoie, H. PhD Thesis 2013

Iris Ring

Ll

DMI

DMI1

F1064
L3

Y

APD
1064nm

607 nm
Band width : 0.3 nm
Trransmission : 81 %

532 nm
Band width ;: 1.0 nm
Trransmission : 40 %

1064 nm
Band width : 3.0 nm
Trransmission : 45 %
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Lidar and Atmospheric Physics

Elastic Backscatter
Depolarization

Raman

High Spectral Resolution,
HSRL

Doppler

Differential Absorption
Lidar (DiAL)

Ceilometer

Fluorescence

Clouds, Aerosol, Pollution
Dust, Clouds (lIce or water), Pollution

Aerosol, Water Vapor, Gases, Pollution, Temperature,

Aerosol, Water Vapor, Gases, Pollution

Wind

Water vapor, Ozone, Gases

Visibility, Cloud height

Vegetation, Archeology, Bio-aerosols

29



Lidar, Atmospheric layers

MSIS90 Temperature

Resonant
Fluorescence
From Metal Atoms

3
=
o

Rayleigh Scattering
From Air Molecules

Mie Scattering
From Aerosols

30



Case Studies



Regions Under Investigation

. Ground Based Satellite
Region .
Instruments suites

Raman Lidar,
Sunphotometr,
Synoptic stations

Northwest

Iran (Zanjan) ALY - ZBHE

Depolarized,
Backscatter Lidar,
Tehran Air pollution
monitoring stations,
Synoptic stations

2014 - now

Persian Gulf

and Oman sea 2006 - 2015




The Iran Plateau



The "Global Dust Belt"

—— .
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Sahara, Sahel, Arabian Peninsula, Thar desert (Middle East), Aral Sea (Central Asia), (de Graaf, 2006)

Taklamakan desert (China), Gobi Desert (China/Mongolia), Lake Eyre Basin (Australia)




The Atmosphere

Single cell model, Hadley cell

Hadley cell

Equator —

adiey cell




The Atmosphere

Three cell model, Jet streams

Polar cell

Jet stream, flows
west to east

Mid-latitude cell

Westerlies (Ferrel cell)

~——— Subtropical

Cool air falls high-pressure belt

Tropical cell
Northeasterly (Hadley cell)

trades
Warm air rises
-— Equatorial trough

low-pressure belt

Southeasterly (Doldrums, ITCZ)

trades
Tropical cell
(Hadley cell)

Cool air falls

~———— Subtropical
high-pressure belt

Westerlies Mid-latitude cell

(Ferrel cell)

@ Jet stream, flows
Polar cell westto east




The Atmosphere

Jet streams & changes in troposphere thickness

8 km |
ap Polar Front Jet Stream
60 \I\

Subtropical Jet Stream
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Iran in Dust Bah intbustl Beltcesternal sources

Latitude

asonal lake
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39
F. Abdi Vishkaee, PhD. Thesis, 2011
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Wind Patterns at Surface

Average over 2007 and 2008
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Wind Patterns at 300 MPmd Patterns
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Northwest Iran



AOD(mean)
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Temporal evolution of AOD (440 nm), monthly averages in Zanjan for the period of
October 2006 to September 2008, the IASBS site.

45



Seasonal variation of aerosol parameters
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Zanjan, August 5, 2007
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Zanjan, August 5, 2007

MQODIS vs CALIPSO
4 Aug 2007, daytime
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Zanjan, August 5, 2007

HYSPLIT back-trajectory, 5 Aug 2007

0600 UTC
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49



Zanjan, May 12, 2013
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HYSPLIT Model

Zanjan, Mawv.12.2013
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. . NOAA HYSPLIT MODEL
Za nja n, Ap r|| 08, 2013 Backward trajectories ending at 1200 UTC 08 Apr 13
GDAS Meteorological Data
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Dust sources affecting Northwest Iran
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Variations of AOD (550nm) and SM (0-10 cm)
2001-2012

Aerosol Optical Depth (AOD)
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AOD and SM, Annual
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Small water reservoir
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Tehran

* Area : Urban730 km?
 Elevation: 1,200 to 1,980 m

* Population(2015): 11,950,000

e Cars: ~4,000,000,

eCapacity of streets: ~1,000,000
*Gas consumption: 11.5 MLi/day




Tehran air pollution
PM 2.5

PM2.5 Evolution (2010.08.01 - 2011.03.20)

PM2.5 (ug/m°®)

Aug Sep Oct Nov Dec Jan Feb Mar
Day Index

58



Tehran pollution,
Surface wind
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Lidar Measurement

LT (GWT+ 2:30)
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IASES, Zanjan, MNeov 19, 2014
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Backward trajectories ending at 0600 UTC 29 May 15
GDAS Meteorological Data
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Sources of the events
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Temporal variations of dust and pollution outbreaks
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Monthly average values of PM,, and PM, . indices in Tehran, based on recordings
of the AQCC pollution monitoring stations, Oct 2011 to Sept 2015,.



Persian Gulf and Oman Sea



CALIPSO over lran
16-day ground track
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AOD vs. IAB, CALIPSO over Persian Gulf & Oman Sea:

AOD at 532nm
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Monthly Wind Pattern at 700hp, NCEP/NCAR

Mean all Dec at 700hp m/s
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Summary

e |ran, a country in the middle of the dust belt, is under the
influence of external and internal dust sources.

e Tigris and Euphrates basin in the west, Arabian peninsula in
the south, the dry region between the Caspian and Aral
seas in the northeast and the Hamoon lake in east are the
main dust sources affecting the region.

e Some rare observations shows transportation of dust from
North Africa and Arabian peninsula to Northwest Iran

e Dust from the Hamoon lake some times may be advectted
even up the Indian ocean.

e most of the dust outbreaks are happening during spring
and summetr.
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Suggestions for installing dust 1

remote sensing stations
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