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Volcano eruption Industrial emissions

Haze and Dust Vehicle exhaust




k!sol: Global warming

Climate Change Pollutions:
Pollutions 1) Government
PM10 2) Atmospheric Physics
PM2.5 & Chemistry Scientists
Disease
People life , 1 e
First step:
How to control and Suppress NEEEE T

Aerosol emission?.

Volcano: no control




& Aerosol measurements
1.Satellite

Satellite-Derived PM _, [ug/m?)

2. Airborne survey
3. Ground-based observation
(1)Sunphotonmeter

(2)Lida I‘(Profile, Resolution, accuracy,convenient)
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What is the Situation in Nanjing




What can the lidar measure ?

Dust storm
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Lidar system

Ground based Raman-Rayleigh-Mie Lidar in Nanjing
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Lidar system

4 Mie-Rayleigh-Raman Lidar system

4 Two wavelengths multi-functions
1) Aerosol(Mie,Raman)
2) Cloud (Mie)
3)Temperature (Rayleigh)
4) pollution (in the future)




Lidar system
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Lidar system
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Depolarization on Nov 27~29,2012
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AOD
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Moon image taken at 20:00 on 2011/12/10
(fine)
scattering is small

Moon image taken at 17:00 on 2012/2/4
(fog)
forward and around scattering is big
backscattering is small

The first 6 graph are much smaller than others on last
page because the former represents of fog which has
small backscatter




Weather
-fine at 8:00
-fog from 9:00 t010:00

-haze from 10:00 to 19:00

The fog-haze is at the low
altitude about 300 meters
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Continuous Fog-Haze measurements on 2009/10/24



What is the issue?

]

Traditional Mie lidar, uncertainties

1 Boundary value,
2 Wavelength dependence,
3 Lidar ratio

.

' l Why we use Raman
Lidar to measure aerosol ?

how to do ? ) =) Gman Li@
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. Why we use Raman lidar ?

K Advantage
= reduce the assumptions
= higher accuracy
¢ Disadvantage
= Small signal
= hard to control the signal to noise ratio
4 How to treat small Raman lidar signal
= statistical method

= middle-average-value method
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Limitation of Raman Lidar

Measurements error & Noise !!
Hardware: Photon counting
Cooling
Software
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& Aerosol ext.co error & noise
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Raman lidar noise signal is (z)Raman lidar signal without

noise is P(1,, z. Raman lidar signal with noise P(c(2))
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. Calculation of aerosol extinction coefficient

Take consideration of the following

I M2 44 MDD 1 dpye s L pa,7)]

dz  72°P(o(z)) dz  722P(z) P(2)z dz Plo(2))z% dz

And introduce variable p() >

0 = o 5 PO - s g o] -
We have equlatimzj (4) | d ,
Aa,, = {P<Z>Z2 — [P(2)2*] - O & [Plo(2)z*)} x (1 + t)"‘
— AQ X (1 + j_ﬂw ()

r

We can write the Raman signal with noise P(c(z)) as following:

Plo(z)) = P(z) + o(z) (5)




.. Calculation of aerosol extinction coefficient

Combine equation (4) and (5), we have

1 d 2 1 d 2
AQ = - OF & e | — P+ 0)s [ (P(2) + o(2))z"]
It d 9 1 d 2 d 2
= P &2 A | — PE— (a’z [P(2)z"] + & lo(2)z") ])
1 d 92 - 1 d 2 2 i
W e T [dz ammaamand G(Z)j

- .
- P2 dz P(2)z]

1 d .
(P(2) + 6(2))7 (dZ [P(2)z"] + 20(2)z)

1 d
TP (6)
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Calculation of aerosol extinction coefficient

Take consideration of P(z) >>o(z) ,the expansion of

the equation (6) is as following;

1 1
P() 2 dz[ (2)z ]_(P(z) o ( [ (2)z°]+20(2)2)
1 d
> o(2)
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. Calculation of aerosol extinction coefficient

'If neglect infinitesimal of higher order O'(Z) , such as, we have

1
(P( Y22 2d [P(2)z ]—ﬁ) o(z) + (P() : B 2d [P(2)z2°Do(2)°

1
P(z) + o (2) dz —— ®) *

When o(z) = constant,it correspond to the low frequency noise

signal, equation (8) can be rewrltten as

i
AQ =~ (P(z)222 s [ (2)z ]_T)O_(Z)

s v
+(P(z)2z P(2)° 22 dz 9 IP(2)2° Do)’ (9)

At condition of G(Z) >>0(2)?, o(2)%is neglected, equation (10)
comes out,
~( [ (2)z ]——)G(Z) (10)
P(Z) P(2)z
According to equatlon (7), we can see the aerosol ext.co
measurement error relates to Raman lidar noise o(z), o(z)*and

differential of noise: %O'(Z).




Noise: Low frequency, background noise
a(z) = constant

High frequency, Random noise
Dark currents
Heating



Fig.1l:standard atmospheric conditions and aerosol ext.co
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Range-corrected signal

Range-corrected signal

Fig.2:The simulated Raman lidar signals

| A : simulated range-corrected
signal without noise

B : simulated range-corrected
random noise signal
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Fig.3:Simulated Raman lidar signal with random noise addition

Range-corrected signal

Range-corrected signal
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_ Ext.co inversion by simulation signals

Fig.4 :Aerosol Ext.co inversion by Raman lidar
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Acrosaol Ext.co Error

Aprosol Ext.co Error
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simulation of aerosol extinction coefficient

Fig.5:Relation between Aerosol Ext.co error and noise
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simulation of aerosol extinction coefficient

Fig.6 Aerosol ext.co error relate to Signal to Noise Ratio
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Range-corrected signal

Range-corrected signal

Fig.7 Raman lidar experiment signals
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(dipz2)idzifpz ¢ (dN27dz)/N2

Aer S mol ext co

Fig.8 Experimental data analysis
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Experiments

Fig.9 Differential calculation
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Error of aer.co Error of aer.co

Error of aer.co

A calculated by equation (2)

d N(z)

16 18 2 - EeEee)) k) - @il 1 x 1+ 2y

dz P(/lﬁ,z)z2 Ay
TN N - .

IIn||| Tl | || ) ' n {a’zl Plo(2)2%) a’zl [P(Z)Z JEROE ) e
. . L| Iillll. I B: calculated by equation (8)
02 04 06 08 12 14 16 18 , ) ) & 4 —

) Range {m] v 10° A~ (Wd [P(z)2°]- P(Z)Z)G(Z)+(P(Z)ZZ_ P(Z)3ZZE[P(Z)Z N)o(2)
il o -
with dinoiseldz (T T ©)
0 : . ;
C: differencial noise

_5 1 1 § Ul WES "eN ! mD UEEniee ] il 1 B

02 04 06 08 1 12 14 16 18 2 d
Range {m) 10" Ecr(z)




Fig.11 Aerosol ext.co Error calculation

— with equation {10]

Error of aer.co

[y ]

AQwm (o ——

— with equation (9)
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.. Conclusions

1 ) Raman better than Mie

do(z),
&

2) Error«< f(o(z),0°(2),--,

3) Rayleigh correction, noise
4) High frequency, low frequency noise

5) Average calculation to remove the high frequency noise
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Thank you!



