Lidar observations of fine-scale atmospheric gravity waves in the nocturnal boundary layer above an orchard canopy
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Part 1: Experiment - Canopy Horizontal Array Turbulence Study (CHATS) Part 2: Why can the REAL see these waves?
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CHATS took place in Dixon, California from 15 March

Raman-shifted Eye-safe Aerosol Lidar

REAL System Specifications:
Wavelength: 1.543 um

Pulse energy: 170 mJ
Pulse rate: 10 Hz

4 Pulselength: 6 ns
8 Beam diameter at lidar: 66 mm (1/e” points)

Beam divergence: 0.24 mrad (full angle)

@ Receiver field of view: 0.54 mrad (full angle)
== Digitizer speed: 100 MSPS

.+ Digitizer range: 14 bits

. Detector type: 200-um InGaAs APD
through 11 June 2007. A 30-m vertical tower equipped with 13 | We hypothesize the REAL is able to detect internal atmospheric waves
three-component sonic anemometers was installed in the orchard. The REAL was located 1.61 km north of the tower | when aerosol strata are displaced vertically by the vertical air motion
and collected data nearly continuously in the area surrounding the tower and orchard. It provided two-dimensional

spatial images of aerosol backscatter intensity often revealing coherent structures such as plumes and waves.

Part 3: Example wave episode from 14 May 2007

Start: 09:06:38 UTC
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In this section, we present 1 of 52 wave episodes in the CHATS data set. Wave episodes were

identified by subjective inspection of more than 1800 hours of time-lapse REAL data. Forawave  the radial dimension. The color (see scale below) indicates the relative intensity of backscatter
episode to be included in our study, it must have a duration greater than 1 minute and passed  caused by particulate matter. The in situ data show that the waves in the lidar images are the
over the CHATS vertical tower. The lidar image (above left) corresponds to the 1 km” area sur-  result of oscillations in vertical velocity. The wave periods range between 20 and 60 s for all
rounding the tower. The scan intersected the tower between 18 and 20 m AGL. A high-pass  cases. The horizontal velocity data frequently exhibit shear and periodicity. All of the tempera-
median filter (500-m window) was applied to the range-corrected backscatter intensity data in
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Part 4: Using REAL data to study wave propagation

Lidar-derived wave properties:
Wavelength: 40 m
Phase speed: 0.92 m/s

Propagation direction: 165° 11.5

Start: 12:26:16 UTC Elevation: 0.20°

PPI Scan 23 (Filtered) 19 Mar 2007
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Start: 13:00:27 UTC Elevation: 0.20°
PPl Scan 115 (Filtered) 6 Apr 2007
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Start: 07:54:47 UTC Elevation: 0.20°
PPl Scan 143 (Filtered) 27 Apr 2007

caused by the waves. In situ data confirm the presence of vertical air
currents during the wave episodes.
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Start: 05:44:31 UTC KM Elevation: 0.20°

. 14 May 2007 PPl Scan 182 (Filtered) 5 May 2007
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sensors above the trees on the NCAR ISFF 30-m tower. tower showing a period of ~50 s. horizontal wind shear. Bars show variation over

Red = Up, Blue = Down Red = Up, Blue = Down the episode.
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Start: 11:57:42 UTC Elevation: 0.20°
PPl Scan 113 (Filtered) 8 Jun 2007
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ture profiles (above right) during wave episodes show the atmosphere is statically stable.
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Wavelength of the gravity waves can be obtained from
the wide and narrow scans. Phase speed and direc-
tion can be determined from the scans with short
update intervals (<17 s). In the above case, subjective
tracking of wave-fronts from 15 consecutive narrow
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This poster presents our initial discovery of 52 episodes of gravity waves in

the two-dimensional spatial REAL data from CHATS. In situ data confirm that RN B
the waves present in the lidar images are the result of vertical air motion. N

Lidar images have been used to determine wavelength, phase speed, and |~ _
propagation direction. Eye-safety, sensitivity to small changes in backscatter |~ ﬁ
intensity, and high range-resolution were critical in order to make these lidar | &8 .
observations. By having both lidar and in situ data, we are abletoexplorethe [?° = ESS
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environmental conditions that support the formation of these waves and

1.8 | possibly the impact of the waves on the environment. We plan to continue R
i ° ° ° ° ° ° ° ° 12 | |
. . . a: our investigation by using the observations to verify theoretical explanations
0.0 0.1 02 km 0 100 200 300 14 -
Wind direction (degrees) of the waves. _

scans at 11 s intervals reveals wave propagation. The 16 ﬁ
plot (above right) shows wave propagation direction For more information, please visit our website: e E

for 22 cases observed with fast frame-rates versus the http://physics.csuchico.edu/lidar 20 (NS

wind direction from the tower data. We conclude that m 04 02 00 02 04
the waves travel in the direction of the wind.

Start: 06:56:47 UTC
PPI Scan 76 (Filtered)

Elevation: 0.20°
21 Mar 2007

Start: 07:09:16 UTC
PPI Scan 120 (Filtered)

Elevation: 0.20°
21 Mar 2007

Start: 10:23:26 UTC
PPl Scan 159 (Filtered)

Elevation: 0.20°
25 Apr 2007

Start: 13:48:43 UTC
PPl Scan 225 (Filtered)

Elevation: 0.20°
25 Apr 2007

Start: 10:47:17 UTC
PPl Scan 79 (Filtered)

Elevation: 0.20°
27 Apr 2007

Start: 12:49:08 UTC
PPl Scan 187 (Filtered)

Elevation: 0.20°
27 Apr 2007

Start: 08:07:27 UTC
PPl Scan 187 (Filtered)

Elevation: 0.20°
8 May 2007

Start: 10:07:03 UTC
PPl Scan 287 (Filtered)

Elevation: 0.20°
11 May 2007

Elevation: 0.20°
14 May 2007

Elevation: 0.20°
14 May 2007

Start: 13:18:07 UTC
PPl Scan 139 (Filtered)

Start: 09:06:38 UTC
PPl Scan 265 (Filtered)

Start: 13:12:22 UTC
PPl Scan 35 (Filtered

Elevation: 0.20°
8 Jun 2007

Start: 13:20:57 UTC
PPI Scan 69 (Filtered)

Elevation: 0.20°
8 Jun 2007
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Start: 13:01:27 UTC
PPl Scan 289 (Filtered)

Start: 06:15:53 UTC
PPl Scan 147 (Filtered)

Elevation: 0.10°
24 Apr 2007

Elevation: 0.10°
19 Apr 2007
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Start: 11:18:45 UTC
PPl Scan 62 (Filtered)

Elevation: 0.19°
10 Jun 2007

Start: 09:50:33 UTC
PPl Scan 272 (Filtered)

Elevation: 0.17°
3 Jun 2007
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52 wave episodes discovered over a 3-month period: 42 wide scans; 10 narrow scans

Start: 05:24:57 UTC Elevation: 0.20° Start: 05:47:16 UTC Elevation: 0.21° Start: 10:02:35 UTC Elevation: 0.20° Start: 06:50:10 UTC Elevation: 0.20°
PPl Scan 104 (Filtered) 23 Mar 2007 PPI Scan 16 (Filtered) 24 Mar 2007 PPl Scan 73 (Filtered) 26 Mar 2007 PPl Scan 129 (Filtered) 30 Mar 2007
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Start: 07:06:35 UTC Elevation: 0.20° Start: 08:18:55 UTC Elevation: 0.20° Start: 08:47:10 UTC Elevation: 0.20° Start: 06:38:24 UTC Elevation: 0.20°

PPl Scan 225 (Filtered) 26 Apr 2007 PPl Scan 139 (Filtered) 26 Apr 2007 PPl Scan 251 (Filtered) 26 Apr 2007 PPl Scan 213 (Filtered) 27 Apr 2007
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Start: 13:55:26 UTC Elevation: 0.20° Start: 09:50:30 UTC Elevation: 0.20° Start: 10:34:53 UTC Elevation: 0.20° Start: 12:40:29 UTC Elevation: 0.20°
PPl Scan 77 (Filtered) 27 Apr 2007 PPl Scan 97 (Filtered) 30 Apr 2007 PPl Scan 273 (Filtered) 30 Apr 2007 PPl Scan 23 (Filtered) 30 Apr 2007
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Start: 11:11:20 UTC Elevation: 0.20° Start: 12:02:16 UTC Elevation: 0.20° Start: 13:26:48 UTC Elevation: 0.20° Start: 13:45:11 UTC Elevation: 0.20°
PPl Scan 169 (Filtered) 11 May 2007 PPl Scan 371 (Filtered) 11 May 2007 PPl Scan 331 (Filtered) 11 May 2007 PPl Scan 31 (Filtered) 11 May 2007
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Start: 13:28:24 UTC Elevation: 0.20° Start: 13:23:51 UTC Elevation: 0.20° Start: 09:11:15 UTC Elevation: 0.20° Start: 11:29:58 UTC Elevation: 0.20°

PPl Scan 178 (Filtered) 28 May 2007 PPl Scan 164 (Filtered) 3 Jun 2007 PPI Scan 201 (Filtered) 8 Jun 2007 PPl Scan 3 (Filtered) 8 Jun 2007
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Start: 10:17:54 UTC Elevation: 0.20° Start: 10:50:11 UTC Elevation: 0.20° Start: 13:15:15 UTC Elevation: 0.20° Start: 10:18:57 UTC Elevation: 0.20°
PPl Scan 191 (Filtered) 9 Jun 2007 PPl Scan 319 (Filtered) 9 Jun 2007 PPl Scan 145 (Filtered) 9 Jun 2007 PPl Scan 111 (Filtered) 11 Jun 2007
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Start: 13:17:27 UTC Elevation: 0.10° Start: 11:41:13 UTC Elevation: 0.14° Start: 10:52:09 UTC Elevation: 0.14° Start: 13:02:08 UTC Elevation: 0.14°
PPl Scan 1 (Filtered) 24 Apr 2007 PPl Scan 64 (Filtered) 24 May 2007 PPl Scan 52 (Filtered) 25 May 2007 PPl Scan 39 (Filtered) 26 May 2007
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