ATMS505 Module 1: Atmospheric Boundary Layer (ABL)

Lecture Schedul¢Or the Planetary Boundary Layer—PBL)
1. Monday, 23 January: Introduction to ABL (what's it all about?)

2. Wednesday, 25 January: Atmospheric Turbulence (big whorls and little whorls)

3. Monday, 30 January: Similarity Scaling (really all about stability)

4. Wednesday, 1 February: Parameterization of Surface Fluxes (what goes into those models)
5. Monday, 6 February: Marine ABL (offshore wind energy, air-sea interactions)

(O I

Homework #1: assigned 1/30; due
Content: https://www.atmos.alba
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Lecture 1: Introduction to Atmospheric Boundary Layer (ABL)

Announcements
e reading: ch 1, peruse ch 2 Stull (1988) - Boundary Layer Meteorology

Today’s Lecture
1. Definition of ABL

2. Coupling between ABL anc
3. Approach tc




Simple Schematic of the ABL (PBL)

Free Atmosphere (FA) A :

Turbulence

PBL grows only by entrainment = V¥
Through overshooting thermals

PBL Structure
Zi Surface Fluxes wind, T, q profiles /l

latent sensible
momentum heat heat /\

AMAAAdAL AL

Zo - surface roughness

horizontally homogeneous
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Atmospheric Boundary Layer

—— — —— —
o —

The troposphere can be separated O (11 kmj)
into the free atmosphere (above)

and the boundary layer, which is:

- directly influenced by earth Free Atmosphere
surface

« order 1 km vertical scale (but

Tropopause

ranges from 1 - 3 km eastern US ; e mbalbey’ ]
up to 5+ km over deserts) fiiith Boundary Laye' At EiEETEIELY
» responds on short (~1 hr) Earth
timescales
* typically turbulent flow | Fig. 1.1 The troposphere can be divided into two parts: a boundary

\ayer (shaded} near the surface and the free atmosphere
above il

Stull 1998
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Boundary layer vs free atmosphere response to surface forcing:
Temperature

NYSM Red Hook Surface (2 m) and Microwave Radiometer (1500 m) Temperatures

. Surface Station
-- Radiometer (1500 m)
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» surface temperatures warmer (15C during daytime, 5C at night)
» surface - strong diurnal variations not seen above ABL
» solar heating of the surface drives upward heat flux lead to afternoon peaks

Stull 1998
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Surface layer vs atmosphere above and response to surface forcing

Wind Speed (m/s)
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Albany ASOS (10 m) and ASRC LiDAR (135 m) 10-minute Winds For: 8/26/2015
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Diurnal cycle of the Atmospheric Boundary Layer (ABL
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Diurnal cycle of the Atmospheric Boundary Layer (ABL)

Dealing mostly with the fair weather (“*boring”, quiescent) atmospheric boundary layer
—which happens 75 of the time around here over land [but we’ll touch upon other
boundary layers—over the ocean].
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All relates to season at our latitude and
‘continentality”

Station ALB lat: 42.7576 lon: —=73.8036 altitude=82 m Station ALB lat: 42.7576 lon: —=73.8036 altitude=82 m
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Boundary layer
wind profile

response 10 _
surface 3
heating—later ]
we’'ll link to
fluxes
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Comparison of boundary layer and free atmosphere

Table 1-1. Comparison of boundary layer and free atmosphere characteristics.

Property Boundary Layer Free Atmosphere
Turbulence « Almost continuously turbulent  « Turbulence in convective clouds,
over its whole depth. and sporadic CAT in thin layers
of large horizontal extent.
Friction « Strong drag against the
earth's surface. Large « Small viscous dissipation.
energy dissipation.
Dispersion « Rapid turbulent mixing in « Small molecular diffusion. Often rapid
the vertical and horizontal. horizontal transport by mean wind.
Winds « Near logarithmic wind speed * Winds nearly geostrophic.

profile in the surface layer.
Subgeostrophic, cross-

isobaric flow common.
Vertical Transport  « Turbulence dominates. « Mean wind and cumulus-scale
dominate
Thickness « Varies between 100 mto 3 km « Less variable. 8-18 km.
in time and space. Slow time variations.
Diurnal oscillations over land. Stull 1998

AATM 505 B
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Local Land-Atmosphere Interactions

above-ABL above-ABL
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soil moisture ——— soil h@dt flux _ _ __~. soil temperature

solar
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ned U

——3 radiation ——> surface layer & ABL ——> land-surface processes feedbacks:
+positive feedback for C3 & C4 plants, negative feedback for CAM plants —— positive
*negative feedback above optimal temperature = = = > negative

AATM 505 Boundary Layers Module 1

Quite a lot going on
here!

We’ll touch upon some
of this in subsequent
lectures.

Think of this in the
context of your research:
e.d., climate change,
storm genesis, air
quality, renewable
energy, teleconnections,
etc.

L 4Bage §restyMiliarzo023) 11



Air-Sea Interaction
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Image credit: SOLAS
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Air-Sea Interaction

. Need to measure all this!

Visible & UV
Radiation

Infernal

Wave
Hadiation

Image credit: SOLAS

AATM 505 Boundary Layers Module 1
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Air-Sea Interaction

Need to measure all this!

Visible & UV
Radiation

Internal
Wave
Radiation

Image credit: SOLAS

AATM 505 Boundary Layers Module 1

Infrared

idlallon

Rotor Plane

\ OOI Met-Ocean
Observing Buoys

“,‘?' =

SBU R/V Seawolf

bl

4

Satellite

(SARS Winds & AVHRR SSTs)

f s AXYS
" FliDARs with
EC Fluxes

»
n B
-

LiDAR and EC Fluxes

éloc um
" Profiling \

Gliders

not to scale

4

18—

ey

'r* Rutgers Vessel

Sea Surface

Sea Floor

Figure: Elizabeth McCabe

Lecture 1: 23 January 2023)

CODAR HF
Coastal Site

NYSM-Station

Coastal Region

12



Simple Schematic of the ABL (PBL)

Free Atmosphere (FA) A :

Turbulence

PBL grows only by entrainment = V¥
Through overshooting thermals

PBL Structure
Zi Surface Fluxes wind, T, q profiles /l

latent sensible
momentum heat heat /\

AMAAAdAL AL

Zo - surface roughness

horizontally homogeneous
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Diurnal Profile evolution

2000
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FIGURE 1. Schematic of the structure of the atmospheric boundary layer in high pressure regions over
land, showing daily variations. SOURCE: Wikimedia Commons.

Stull 1998
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Diurnal Profile evolution
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FIGURE 1. Schematic of the structure of the atmospheric boundary layer in high pressure regions over
land, showing daily variations. SOURCE: Wikimedia Commons.

Stull 1998
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Diurnal Profile evolution
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FIGURE 1. Schematic of the structure of the atmospheric boundary layer in high pressure regions over
land, showing daily variations. SOURCE: Wikimedia Commons.

Noon

Stull 1998
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Diurnal Profile evolution
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FIGURE 1. Schematic of the structure of the atmospheric boundary layer in high pressure regions over
land, showing daily variations. SOURCE: Wikimedia Commons.

Stull 1998
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Diurnal Profile evolution
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FIGURE 1. Schematic of the structure of the atmospheric boundary layer in high pressure regions over
land, showing daily variations. SOURCE: Wikimedia Commons.

Stull 1998
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Diurnal Profile evolution
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FIGURE 1. Schematic of the structure of the atmospheric boundary layer in high pressure regions over
land, showing daily variations. SOURCE: Wikimedia Commons.
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Diurnal Profile evolution
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FIGURE 1. Schematic of the structure of the atmospheric boundary layer in high pressure regions over
land, showing daily variations. SOURCE: Wikimedia Commons.

Stull 1998
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Diurnal Profile evolution

Free
Atmosphere

Entrainment zone

Mixed Layes

Surface Layer

J [

Fig. 1.9 Typical daytnme rofiles of mean virtual potential temperature

Bv

. wind speed M (where M*=TF+V* ), water vapor mixing

ratio r, and pollutant concentration c.

AATM 505 Boundary Layers Module 1

Stull 1998
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Bowen ratio LAl

ML Height (m)

Seasonal aspects of the ABL—eastern US
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Harvard Forest

(Petersham MA)
Surface Heat and
Moisture Fluxes)

33 m flux tower Environmental Monitoring Site

AATM 505 Boundary Layers Module 1
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BOREAS —OId Jack Pine
(Thompson MB) Surface e o
Heat and Moisture Fluxes) d

OJP . Different
story In this

% " S Z% part of the
From Moore et al. 2000 \’\? > world

Table 2. Meteorological Comparison of Years 1994 and
1996, Days 150 to 250

Year
1994 1996
Climate Standard Standard
Variable Normal Mean Deviation Mean Deviation

Bowen ratio 1.44 2.82 2.62

ALIVL o, Z/KP .C . .S .
VPD,t kPa 2.0 0.66 2.2 0.73
Temperature, °C 12.3 16.6 5.6 18.0 6.0
Precipitation,f mm 242 176 202

Qr, Krypton 82.5 49.1 72.8 23.0
QF, Licor 78.6 46.3 60.0 375

*Specific humidity (¢) data from automatic weather station tower at
the site.

tVapor pressure deficit.

+Total precipitation for the period.

30 m qux tower
AATM 505 Boundary Layers Module 1 Lecture 1: 23 January 2023)
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Understanding the ABL - History

1900-1910 ¢ |laminar boundary layer theory (aerodynamics) - Prandtl
« Ekman layer (pressure gradient, Coriolis, friction important)

1910-1940 e Taylor - methods for understanding turb mixing
¢ mixing length theory, eddy diffusivity
e contributions from von Karman, Prandtl, Lettau

1940-1950 Kolmogorov turbulence similarity theory{ e

1950-1960 ¢ buoyancy effects (Monin Obukhov similarity)
e early field experiments w/direct flux measurements (Great Plains Experiment)

1960-1970  Golden Age of Boundary Layer Meteorology
e Fast response instrumentation (e.g. sonic anemometry) enabled accurate BL
observations
« verification/calibration of similarity theory
« Kansas 1968, Minnesota 1971 (flat sites)
« surface layer spectra and cospectra

1970-1980 « tropical marine boundary layer experiment (GATE 1974)
 introduction of Large Eddy Simulation - 3D modeling of BL turbulence

1980- « new technology and tools (eg., lidar)
« extensive space-based coverage
e coupled ocean atmosphere models
e major air/sea field campaigns (TOGA COARE)

AATM 505 Boundary Layers Module 1 Lecture 1: 23 January 2023)



Understanding the ABL - History
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Understanding the ABL - History

1900-1910 ¢ |laminar boundary layer theory (aerodynamics) - Prandtl
« Ekman layer (pressure gradient, Coriolis, friction important)

1910-1940 e Taylor - methods for understanding turb mixing
¢ mixing length theory, eddy diffusivity
e contributions from von Karman, Prandtl, Lettau

1940-1950 Kolmogorov turbulence similarity theory{ e

1950-1960 ¢ buoyancy effects (Monin Obukhov similarity)
e early field experiments w/direct flux measurements (Great Plains Experiment)

1960-1970  Golden Age of Boundary Layer Meteorology
e Fast response instrumentation (e.g. sonic anemometry) enabled accurate BL
observations
« verification/calibration of similarity theory
« Kansas 1968, Minnesota 1971 (flat sites)
« surface layer spectra and cospectra

1970-1980 « tropical marine boundary layer experiment (GATE 1974)
 introduction of Large Eddy Simulation - 3D modeling of BL turbulence

1980- « new technology and tools (eg., lidar)
« extensive space-based coverage
e coupled ocean atmosphere models
e major air/sea field campaigns (TOGA COARE)
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Ways we measure the ABL

(We'll explore what the measurements actually tell
us about the ABL in lecture 5)

AATM 505 Boundary Layers Module 1 Lecture 1: 23 January 2023)
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Heat and momentum fluxes t Existing NDBC instruments

\ / Temperature, humidity, wind

" 4 speedand wind direction
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We (ASRC Miller and Freedman) are working with DOE on this:
Buoy-based flux-LIDAR system

Above Deck

SoNnIcs

motion sensor

gas analyzers

Net radiometer

T/RH sensor

Skin temperature sensor
Antennas

Below Deck
power connections
pumps

datalogger
compressor




Sometimes it helps to get in the airr....
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Operating Wind Farms and the NYSM Profiler Network
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Operating Wind Farms and the NYSM Profiler Network
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The New York State Mesonet—standard site
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NYS Mesonet surface flux station
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Radiometrics MP-3000
series microwave
radiometer. This is a
passive instrument that
measures the
downwelling
microwave radiation to
estimate vertical
profiles of temperature,
humidity, and liquid up
to 10 km above ground
level.

Radiometer

The New York State Mesonet—profiler site

: \ 1 /Npcglles 5

Leosphere WindCube WLS-100
series Doppler LIDAR (Light
Detection and Ranging). The
LIDAR uses a vertically-pointing
eye-safe laser to estimate wind
velocities in the vertical. The
LIDAR measures the speed and
direction of aerosols moving
towards and away from the
beam, and the reflected energy
Is analyzed to determine 3-D
wind speed and direction.



A hint of things to come...putting i1t all together

Courtesy of Dave Fitzjarrald (from 26 July 2020)
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A ‘stair-step’ theta profile this
morning (12Z, black and red
arrows), but today, we reached
the LCL and the small

clouds appeared. At the end of
the day yesterday, a well-defined
convective boundary layer with its
‘lid’ at about the LCL was there,
but there was not enough time for
the clouds to form. The dew
points all around the state just
after noon were in the 70’s F, or
just about there in

the high 60’s except for the higher
altitude places. For reference,
the dew point in the eastern
Amazon, along the Tapajos River
at Santarém is currently

75F (24C). Tough times.



From AMS Annual Meeting
24th Symposium on
Boundary Layers and

Turbulence—a link to the
real world
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Case Study: Tropical Storm Isaias

NHC Track 4 August 2020
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Case Study: Tropical Storm Isaias

NHC Track 4 August 2020
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Case Study: Tropical Storm |saias
4 August 2020

NYSM Standard Site (QUEE) Winds, Temperature, and Precipitation 4 August 2020
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NYSM LIDAR,Surface (10 m) Wind 'Gusts and Fluxes at Queens, Tropical Storm Isaias (4 August 2020)
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