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Satellite Instruments

Lidar/CALIPSO: Cloud-Aerosol Lidar and
Infrared Pathfinder Satellite Observations.
Composed of Cloud-Aerosol Lidar with
Orthogonal Polarization (CALIOP), Infrared
Imaging Radiometer (IIR), and Wide Field
Camera (WFC). CALIOP (used here) uses a
laser to measure backscatter from aerosols
(Hostetler et al. 2006) at 532 nm.

Satellite Instruments

¢ The convective PBL over land serves as a key component and modulator of L-A interactions, such that PBL structure and
evolution are key observables of Earth’s coupled system.

IR Sounding/AIRS: Atmospheric Infrared
Sounder aboard NASA's Aqua satellite. AIRS
uses a hyperspectral infrared spectrometer
with over 2300 channels to retrieve vertical
profiles of temperature and humidity. Two
recent algorithm versions (V6 and 6.28) are
compared in this study.

€ |n-situ (e.g. radiosonde) and ground-based approaches to PBL remote sensing are limited and discontinuous in nature.

¥ Here we assess the capabilities and limitations of routine PBL retrieval from satellite in terms of resolution and accuracy
needed to be useful for L-A, hydrology, cloud/convection, pollution, or model development applications.

IR Sounding/GOES: GOES/GOES-R
retrieves thermodynamic soundings using 19-
channels in the IR with high temporal
(hourly+) and spatial (<10km) resolution, but
with broad weighting functions and coarse
vertical resolution.

Local Land-Atmosphere Coupling (‘LoCo’) Diagnostics

 The LoCo Working Group (see BAMS overview article; Santanello et al. 2018) formed under GEWEX-GLASS over
a decade ago has focused on developing quantitative and integrative metrics of L-A interactions and feedbacks in the
water and energy cycle.

Lidar/CATS: Cloud-Aerosol Transport
System aboard the International Space
Station (ISS). CATS uses high repetition
rate lasers to measure backscatter from
aerosols (Yorks et al. 2015) at 1064 nm.

* These diagnostics connecting the land and PBL are applicable to both models and observations across a range of
scales: local-global, diurnal-climate.

2015 DOE-ARM Field Campaign @ SGP
‘Enhanced Soundings for Local Coupling Studies (ESLCS)’
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Ongoing Efforts to Address the PBL Gap From Space

Decadal Survey Mandate PBL Measurement Requirements

2017 NAS Decadal Survey

* Released January 2018

Workshops/Conferences

TARGETED
OBSERVABLE

RELATED ESAS 2007 IDENTIFIED ESAS 2017 DISPOSITION

and POR NEED/GAP

CANDIDATE MEASUREMENT
APPROACH

DS-PBL Workshop |I:
-Held in Spring 2018 @
JPL

DS-PBL Workshop llI:
-To be held in Fall 2018
(1-5 Oct) @ Wash, DC

MI VLI

INCUBATION
PROGRAM ELEMENT

- H-2a ESAS 2007: PATH POR lacks sufficient Similar to: AIRS, AMSU, COSMIC
- W-1a, 2a, 3a, 10a POR: AMSU/Aqua, horizontal and

- AIRS/Aqua, CrIS/JPSS,  (opnoral resolution
ISAT/MetOp, AMSU/

® Temperature

TO-13 ® Microwave & hyperspectral IR
sounde-rs; 11(-1ar for PBL helght e e e e o

¢ Sampling with 3-20km horizontal,  gata from recommended TO-
0.2-1km vertical, 1-4hr temporal  1/5 investment for PBL

® Water vapor

® PBL height
Planetary MetOp, COSMIC

- C-2b, 4a, 7a, 7b, 7c, 7d, MHS/MetOp, CALIPSO,

Thriving on Our

Boundary Layer
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 Recommended as a high priority, incubator measurement

* ‘High priority’: Cuts across nearly all panels (Weather, Climate, Hydrology, Ecosystems,
Resource Mgmt) and Integrating Themes

* Most important objective for Weather
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Microwave, hyperspectral IR
sounder(s) (e.g., in geo or small sat

Diurnal 3D PBL thermodynamic
properties and 2D PBL structure to

and 2-5 % in humidity.
Spatial resolution:
Mesoscale gamma to beta;
the integrating scale of the
PBL on diurnal timescales
(10-100km).

Vertical resolution: 100-300
m; needed to capture local
gradients and inversion layers
and estimate the depth of the
PBL.

Revisit time: 2x/daily

Spatial resolution:
Mesoscale gamma to beta;
the integrating scale of the
PBL on diurnal timescales
(10-100km).

Vertical resolution: need fo
capture local gradients and
inversion layers (100-300m).
Revisit time: 2x/daily
minimum (mid-afternoon to
capture maximum PBL depth),
diurnal sampling (~1-3

Mesoscale gamma to beta;
the integrating scale of the
PBL on diurnal timescales
(10-100km).

Vertical resolution: need to
capture local gradients and
inversion layers (100m).
Revisit time: High repetition
rate of the observations or
laser short for representative
averaging of overshooting
thermals during single

Impact and applications

only

observation requirements
from space

WObsewing the Boundary Layer from Space
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Description:

The planetary boundary layer (PBL) is at the heart of fundamental atmospheric science challenges: (i) cloud-climate feedback
(how clouds will respond and impact climate with increased greenhouse gas concentration) is essentially about the

R
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Perspective. Bulletin of the
American Meteorological
Society, June edition.

*Wulfmeyer et al., 2015. A
review of the remote
sensing of lower
tropospheric
thermodynamic profiles and
its indispensable role for the
understanding and the

understand the iII]paCt of PBL processes on constellation). GPS radio s . : interactions between a highly turbulent flow with water phase transitions and radiation, often occurring in the PBL; (ii) the
Planetary weather and AQ thl'Ollgh hlgh vertical and occultation for diurnal PBL minimum (m!d'aﬂemoon tO hourIY) for process StUd IES. overpass (estimate?) extreme weather and climateﬂghange problem is essentially about how deep moist convection, with its roots in the PB‘L, will SI m u |atIOn Of Water and
B e e e temperature and humiditv and X Capture maximum PBL depth)’ respond to a warmer world; (iii) the exchanges of energy, water and carbon between the atmosphere, ocean, land, and ice are
oun Y y p P £ P > p ty mediated by turbulent fluxes in the PBL; (iv) the depth and mixing of PBL air significantly influences air quality and human

moisture and heights heights; water vapor profiling
DIAL lidar; and lidar** for PBL

height

diurnal sampling (~1-3
hourly) for process studies.

health.

energy cycles, Rev.
Geophys., 53, 819-895.




