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AEROSOL-CLOUD-INTERACTION

05.07.2022 Page 3

S
o

u
rc

e
: 
E

C
M

W
F

, 
2

0
1

8



AEROSOL MEASUREMENT
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• Hight spatial and 
temporal resolution

• No data below clouds

• Data below clouds
• No temporal resolution
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CALCULATION OF ACI-METRICS
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Sarna et. al. (2016)
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𝐴𝐶𝐼𝑟𝑒 = ቤ
𝑑 𝑙𝑛(𝑟𝑒)

𝑑 ln(𝛼)
𝐿𝑊𝑃

𝐴𝐶𝐼𝑁 =
𝑑 𝑙𝑛(𝑁𝑑)

𝑑 ln(𝛼)
observed proxy of the aerosol concentration 𝛂:

• aerosol number concentration 

• aerosol optical thickness

• backscatter of a ceilometer?



AEROSOL REMOTE SENSING WITH A CEILOMETER
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• Lidar technique
• Automated Operation
• Developed to measure cloud base height
• Eye-safe



LIDAR EQUATION
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𝑃 𝑟 = 𝐶𝐿
𝛽𝑟

𝑟2
𝑒𝑥𝑝 02−

𝑟
𝛼 𝑟′ 𝑑𝑟′

⇔
𝑃 𝑟 𝑟2

𝐶𝐿
= 𝛽𝑟 𝑒𝑥𝑝 02−

𝑟
𝛼 𝑟′ 𝑑𝑟′

≔ 𝛽∗ 𝑟

𝛽∗ 𝑟 = 𝛽 𝑟 𝑒−2𝜏𝑚 𝑟 𝑒−2𝜏𝑝 𝑟

≈ 𝛽 𝑟

≈ σ𝑗
𝑁𝑗 𝑟 𝐶𝑠𝑐𝑎,𝑗 𝑟 𝑝𝑗(𝜋,𝑟)

4𝜋

∝ 𝑇𝑁 𝑟
∝ 𝑇𝑀(𝑟)



CLOUDNET
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https://www.google.de/imgres?imgurl=x-raw-image%3A%2F%2F%2Fcf9b1c92d81b7b36ac00ccffde954a366a02440404b631ff6637ccaa8de863f1&imgrefurl=https%3A%2F%2Fwww.radiometer-physics.de%2Fdownload%2FPDF%2FRadiometers%2FHATPRO%2FRPG_MWR_PRO-G5_TN_2017.pdf&tbnid=Nnsb2JIcm88lcM&vet=12ahUKEwj5uKfYqff0AhVCeRoKHZOKDNIQMygLegUIARC1AQ..i&docid=9awDUpDa6lKNdM&w=744&h=1114&itg=1&q=hatpro&ved=2ahUKEwj5uKfYqff0AhVCeRoKHZOKDNIQMygLegUIARC1AQ


EXAMPLE
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2022-04-29
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precipitation

cloud base height

aerosol layer



RESEARCH QUESTIONS
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Is the backscatter signal of a 

ceilometer suitable to represent 

aerosol concentration?

Is it possible to confirm and 

quantify ACI-effects on a long-

term JOYCE dataset?



WHAT HAS BEEN DONE SO FAR?
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Münkel et. al., 2006
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WHAT HAS BEEN DONE SO FAR?
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Sundström et. al., 2009



IN-SITU / REMOTE SENSING COMPARISON

05.07.2022 Page 14

Image: Yan et. al.



OPTICAL PARTICLE COUNTER
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IN-SITU / REMOTE SENSING COMPARISON
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JOYCE CEILOMETERS
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ADDITIONAL DATA
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PBL 
classification



FIRST RESULTS
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FIRST RESULTS
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FIRST RESULTS
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NEXT STEPS

• Aerosol In-Situ Comparison

• Filter Precipitation

• Statistical Analysis of 2017

• Include 50m Height Measurements

• Analysis of Optical Behaviour

• Compare ATB to In-Situ Nephelometer

• Compare ATB to Simulated ATB Based on in-situ Measurements
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CONCLUSION
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