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Long distance transport and impact of dust aerosol
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Dust aerosol can travel over thousands of kilometers, even across the Pacific Ocean and
reach western coast of North America with prevailing westerly wind, and thus exert

profound impacts on climate and environment over extensive area of Asia-Pacific rim.



Field experiment for dust during summer 2019

IOP: July 1t to Sep. 30, 2019
Sites: Xinjiang Tazhong, Minfeng, Kashgar,
and ALi in Tibet Polarization lidar 2019.7.20

Aims at: 1. Vertical structures of dust and cloud layers in hinterland Desert
2. Whether the summer dust aerosols can be transported to downstream?

3. Interaction among the dust-cloud-precipitation in Taklimakan Desert



Dust storms occur frequently in TD during summer
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called dust stagnation layer .
The ratios of PM, s/PM,, are less than 0.50,

indicating coarse-mode particles are dominated



CHM15k Ceilometer--A single wavelength backscattering lidar

e peinions

Laser Nd:YAG, 1064nm, ~8 uJ per pulse,
6500Hz, Pulse width 1~5 ns

Measured range 5 m~15 km
Range resolution  5m, 10m, 15m (optional)

Time resolution 25~600s (optional)

Detected profiles  Cloud and aerosol layers

Quantities Backscattering 5(z). extinction o(z)~
aerosol layer height. Vertical optical range
VOR. Cloud base height, cloud penetration
depth, cloud coverage

CHM15k Ceilometer, German Measured Principle Laser Detection and Ranging (LiDAR)
Lufft

CHM15k is unattended, continuous observation, and widely used in detection of haze
and clouds, e.g. cloud height DWD in German, KNMI weather network in Netherlands.




Solution of Mie scattering Lidar equation

Main issue:
Two unknown variables in one equation, extinction coef. (o) and backscattreing

coef. ()

X(z) = P(z)z" = ECB(z)exp[-2 j OZ o(z')dz']

X(z): normalized range corrected signal (background noise, afterpulse, overlap)

P(z): the energy of backscatter signal at altitude z T |

E: Lidar emitted energy, C: Lidar system constant — — 530
B(z) : backscattering coefficient at z 5000 — - 70
o(z) : total extinction coefficient at z =

4000

O (z E
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(42~55 sr) [Liu et al., 2001; Murayama et al., 2002, Ansmann et al., 2005; Sugimoto
et al., 2006; Noh et al., 2017; Kim et al., 2021]



Aerosol optical property in Tazhong

"~ Heavy sandstorm 2019.7.20

0<0.6, coarse
particles are
dominant!

AOD;=0.73%0.50

0=0.281+0.12

WVC=1.43%0.36cm

The dominant aerosol in hinterland TD is dust

particles, with little impacts by human activities!!




Lidar signal smoothing method

Range: 5m—15m
(a) time: 15s—30min (b)
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The emitted laser energy 1s low (~8uJ), SNR=1 at 4km height, and
drops seriously above 4km. Smoothing the signal can suppress the noise,
and aerosol or cloud layers could be detected more clearly!!




Vertical structure of dust aerosol
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Vertical structure of dust aerosol

(a) | (b)
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Ceilometer can detect the vertical structures of aerosol layer and cloud layer




Vertical structure of dust and cloud layers

2019.7.11
'Rainfall

2019.7.10 i 1.T8

Ceilometer can successfully detect the several strong dust storm and rainfall
processes during the experiment




Vertical profile of dust aerosol extinction coefficient
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AMLH--Gradient and wavelet covariance method

Clear-sky days (a)

Dusty days (b)
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Deep aerosol mixing layer: ~3km
An obvious dust stagnation layer: 1.5~3km
Abundant solar radiation and strong sensible flux heating
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Vertical structure of dust aerosol
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1.Dust storms occur frequently in the
hinterland TD during summer, the intensity
and frequency of dust in August are
significantly higher than those in September,
2. The numbers of dusty days account for 77%,
the dust layer height is less than 3km;
3.Whether the dust aerosol can be transported
downstream for a long distance depends on
the uplifted height (4~5km) and the intensity
of mid-latitude westerlies.



Threshold of diverse dust aerosol intensities
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Thresholds of different dust intensities
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Retrieval of cloud macroscopic parameters

Cloud coverage: the probability of cloud
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Ceilometer:
~4.6 km

ERAS data
: ~4.5 km

Two datasets show a similar variations of cloud height!




Cloud thickness and total cloud coverage

August 20. 26% September 25. 04%

Ceilometer: cloud thickness

10. 75% 12.51% Thin clouds are dominated,
500mLL T .
o o the average thickness of first
I 1000-1500m .
s 1 so20m Cloud layer 1s 467m
B 20000t |

35 4%
64. 17% 8 2§o 58 770

August 14 g1y September «oe® "™ 12 10 729

5.13%

Ceilometer: total cloud coverage

6.61% 32.6% 9.97% .
4. 22% 20. 15% Overcast days in August:
3. 834 % 32.6%
4.15% o .
e N Clear-sky days in September:
10. 65% 16. 61% 40 83 o 40.8%
August 5. 77% 4. 56%4_ 43% September 7.92% 3614, .

8. 19% 6. 58% S
24. 17% =i ERAS data
9. 26% \
20%

Overcast and clear-sky days

)15 14% are reasonable!

24. 56%

16. 64% 36. 81%



Summary

1.Ceilometer can detect the cloud and dust layer in TD,
recommending that simultaneously measured with sky radiometer
2. Dust aerosols and thin clouds are dominant in TD during summer
3.There 1s a deep aerosol mixing layer height (~3 km) and an
obvious dust stagnation layer (1.5~3km) over the hinterland TD
4.Whether the dust aerosol can be transported downstream for long
distance depends on the uplifted height (4~5km) and the intensity
of mid-latitude westerlies

Semi-Arid Climate Observatory & Laboratory (SACOL) http://climate.lzu.edu.cn



Thank you for your attention!
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