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Motivation
Fluctuations in the direction and amplitude of microbarom detections

co-located

Lidar: high-

resolution 

temperature

profiles

IS26

• Microbaroms produce false alarms in routine infrasound processing (e.g., Arrowsmith, 2018)

• Microbaroms provide information on the middle-atmosphere dynamics (e.g., Landès et al., 2014; 

Smets & Evers, 2014)

veff-ratio: propagation conditions in the

middle atmosphere (wind & temperature), 

here based on ECMWF model

single “outliers“

P. Hupe et al. SnT2019, T1.1-O2
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Data, methodology and modeling scheme

Microbarom modeling at IS26, relying on the ECMWF 

atmospheric analysis

Uncertainty inferred from the representation of middle 

atmosphere dynamics in weather models

Results of the amplitude (uncertainty) modeling

Conclusions & perspectives

Outline

P. Hupe et al. SnT2019, T1.1-O2
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Data, methodology and modeling scheme

Lidar (T)

source model (ocean swell)

IS26 infrasound

PMCC mb detections

atmospheric 
propagation

[u,v], T 
uncertainty

ECMWF ([u,v], T)

modeled mb amplitude

P. Hupe et al. SnT2019, T1.1-O2
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Data, methodology and modeling scheme

atmospheric 
propagation

ECMWF ([u,v], T)

Semi-empirical attenuation relation (Le 

Pichon et al., 2012)

• Parameters a, b, d, and s describe near-

and far-field dissipation of waves

• Parameters depend on effective sound 

speed ratio

:  max(40 km ≤ z < 60 km)

High-resolution operational atmospheric 

analysis by the Integrated Forecast System of the 

European Centre for Medium-Range Weather 

Forecasts (ECMWF)

• Resolution: 0.5° x 0.5°, 6 h

• 137 model levels (0–78 km)

• Sponge layers above 45 km for damping wave 

reflections

P. Hupe et al. SnT2019, T1.1-O2
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Data, methodology and modeling scheme

Lidar (T)

atmospheric 
propagation

[u,v], T 
uncertainty

ECMWF ([u,v], T)

Compact Rayleigh Autonomous Lidar (CORAL)

• (Laser-)light detection and ranging

• Vertical profiles of the temperature (density)

• Resolution: 1 km in the vertical, 10 min integration time

• Co-located to IS26 from May to Nov 2016 (ARISE-2 project)

P. Hupe et al. SnT2019, T1.1-O2

T1.1-P10
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Data, methodology and modeling scheme

source model (ocean swell)

Data source: IFREMER, Ardhuin et al. 2011

• based on WaveWatch III (NASA) and 

ECMWF’s high-resolution analysis winds

• Resolution: 0.5° x 0.5°, 3 h

• Daily & seasonal variation in acoustic 

source pressure

• Strongest sources on the open ocean

• Peak frequencies around 0.25 Hz

P. Hupe et al. SnT2019, T1.1-O2
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Data, methodology and modeling scheme

Lidar (T)

source model (ocean swell)

atmospheric 
propagation

[u,v], T 
uncertainty

ECMWF ([u,v], T)

modeled mb amplitude

P. Hupe et al. SnT2019, T1.1-O2

Assumption (1)

Homogeneous conditions along the propagation 

path (ECMWF profiles at IS26)
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Microbarom modeling at IS26, relying on the ECMWF atmospheric analysis

July

November

Acoustic source pressure Integrated attenuation 

P. Hupe et al. SnT2019, T1.1-O2
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July

November

Acoustic source pressure Predicted amplitude at IS26

Microbarom modeling at IS26, relying on the ECMWF atmospheric analysis

P. Hupe et al. SnT2019, T1.1-O2



11

Microbarom modeling at IS26, relying on the ECMWF atmospheric analysis

modeled azimuth and amplitude

P. Hupe et al. SnT2019, T1.1-O2

source model atmospheric conditions

attenuation (0.25 Hz)

Modeled period: 2015–2017
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Temperature data: mobile CORAL 

lidar, Germany (2016)

Wind data: ALOMAR RMR lidar, 

Norway (2016) – assumption (2)

Each 100 perturbations of [u,v] and 

T (effective sound speed), based on 

observations (2σ range)

→ Resulting amplitude range 

reflects uncertainty inferred from 

NWP models

Uncertainty inferred from the representation of middle atmosphere dynamics in weather 

models

P. Hupe et al. SnT2019, T1.1-O2

Temperature bias in ECMWF analysis
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“amplitude range“: 2d-

variability of ocean swell 

sources, based on ECMWF

Dominant PMCC 

detections within Δt = 3 h

Microbarom modeling 

scores (PMCC detections 

within amplitude range):

ECMWF only – 77%

ECMWF+ΔT (Lidar) – 86%

ECMWF+ΔT+Δ[u,v] – 97%

Maximum improvement 

in the summer (+58%)

Results of the amplitude (uncertainty) modeling

P. Hupe et al. SnT2019, T1.1-O2

CORAL@IS26

det. threshold
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• Atmospheric uncertainties in the temperature and winds have an operational impact for 

IDC/NDCs in terms of explaining “false alarms“

• Continuous microbarom observations are useful for assessing (and improving) the accuracy of 

the middle atmosphere circulation in numerical weather prediction models

• Co-located infrasound and lidar: better understanding of the variations in microbarom

detections

• The impact of winds is more significant than that of the temperature

• Need for vertical profiles of the horizontal wind vector – i.e., development of a mobile 

wind lidar

• Increase the duration of co-located measurements (e.g., at IS02 – poster T1.1-P6)

• Incorporate data of additional instruments (e.g., wind radiometers)

• ARISE follow-up: pilot station at IS26 for additional co-located technologies

• Equipping multiple IMS infrasound stations with lidars? – from local to global studies!

Conclusion & perspectives

P. Hupe et al. SnT2019, T1.1-O2



Thank you! 

P. Hupe et al. SnT2019, T1.1-O2

T1.1-P6

T1.1-P10

a related study at IS02 using one year of lidar data

the lidar CORAL & gravity wave observations at IS02

T1.1-P8 global microbarom observations and modeling

Related posters:
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