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Monitoring and Understanding Trends in Surface Radiation, Clouds, and Aerosols
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GMD Measurement Networks for Radiation, Clouds, and Aerosols

Sheridan — P-53

The NOAA Federated Aerosol Network

‘A collaborative effort that benefits all parties’

Legend
NOAA/ESRL

Collaboration
FormerSite (short-term)
FormerSite (long-term)
Potential Future Site
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GMD Measurement Networks for Radiation, Clouds, and Aerosols
Broadband Shortwave and Longwave Radiation Networks

Properties — Measured and Derived:
» Surface Radiation Budget - components
Global, e Sky Cover/Cloud Fraction

regionally representative * Cloud Optical Depth (overcast)
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WCRP Baseline Surface Radiation Network (BSRN)

Running, planned, and closed BSRN Stations, February 2017
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Long — Session 3

WCRP Baseline Surface Radiation Network (BSRN)
Global All- and Clear-sky Estimates using Observations and Models
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Wild et al. 2015 Clim. Dyn.
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Augustine — Session 3

Surface Radiation Variability over the U.S.
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updated from Augustine and Dutton 2013 JGR

process understanding
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Augustine — Session 3

Surface Radiation Variability over the U.S.
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Persistent Model Biases — Relationships to Surface Radiation Budget
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Persistent Model Biases — Relationships to Surface Radiation Budget
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SURFRAD Observations in Numerical Weather Prediction Model Development

NOAA NWP Rapid Refresh Model (RAP) — SURFRAD comparisons
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SURFRAD Observations in Numerical Weather Prediction Model Development

NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24, 2018

NOAA NWP Rapid Refresh Model (RAP) — SURFRAD comparisons
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SURFRAD Observations in Numerical Weather Prediction Model Development

Benjamin — Session 7

NOAA NWP Rapid Refresh Model (RAP) — SURFRAD comparisons
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Atmospheric Science for Renewable Energy

Lantz — Session 7
ARTICLES nature

Future cost-competitive electricity systems and Model treatments and parameterizations addressed:
their impact on US CO, emissions

* Cloud cover —amount, nature, timing

Alexander E. MacDonald™", Christopher T. M. Clack?*", Anneliese Alexander"?, Adam Dunbar’,
James Wilczak' and Yuanfu Xie'

e Land surface cover — albedo

e Aerosol — burden, transport, physical and optical
properties

* Radiative transfer — link to cloud and aerosol
properties, cloud overlap assumptions

* Diurnal cycles — shortwave and longwave fluxes and
relationship to boundary layer growth and decay

* Meteorological regimes — e.g., cold pools

18.0 245 3.0

monitoring changes process understanding model development
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NOAA GOES-R Cal/Val: Red Lake, AZ

——

'I'GOES-16 Data Products for Validation:
e Downwelling Shortwave Radiation
e Aerosol Optical Depth (AOD)

e Land Surface Temperature
Downwelling Longwave Radiation
Upwelling Longwave Radiation
Surface Albedo

Vegetation Index (Planned)

Green Vegetation Fraction (Planned)

Aerosol Particle Size (Planned)

monitoring changes process understanding satellite evaluation @
NOAA/ESRL Global Monitoring Division v

Laboratory Review, May 21-24, 2018 Surface Radiation, Clouds and Aerosols 16




Operational Satellite Product Evaluation
Bondville, I

Long — Session 3

Global Operational Satellite e = D3R g
. i GSIP Cloud Fraction 1
PrOd UCtS 600+ —— Ground (1min)
L ®  G3IP (50km) 0.8 =
— 8
« GEWEX Surface Radiation ~ | -
Budget (SRB) Product £ 400 E
x I o
_ = :142
» Geostationary Surface and ool 2
Insolation Product (GSIP) I 0.2
0 0.0
— 1580 :IJLI.L‘I [;BIF;iS'UI:m:IiGr::lunclllfﬁﬂrlﬂl'l'lljl---L------ .l =
E Al s ssssessonsnsassssnunsssssnnsnssansassssnsssassossansinsnss sissens sisnsnanaed TR — 3. :i“g
= = = E
o O0F E
g 0 E _______________________________________ l._-_.l_._._._.____._._._i
g -sof L e
O _100E . : - ; =
0 4 8 12 16 20 24
UTC (h)
1.3 2I2 2 B 1h 1I4 1IE-

Local Standard Time (h)

| satellite evaluation @
NOAA/ESRL Global Monitoring Division
17

Laboratory Review, May 21-24, 2018 Surface Radiation, Clouds and Aerosols



Augustine — Session 3 Trends in Aerosol over the U.S.
Pagowski — P-7

. Haller — Session 3
Aerosol optical depth over the U.S.

0.18 Sherman — Session 7
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Q [ ]
( L]
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Telg — Session 7

Trends in Aerosol over the U.S.
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NOAA Federated Aerosol Network Observations

iIn AEROCOM Experiments

Andrews — Session 7
Pagowski — P-7

14 global climate models
— in situ observations at
surface:

model median values
models underestimate
observed SSA

models simulate
darker aerosol than
observed

L]
[ ] L] DD [
A & ] <z>
"IN =R R -5} A of
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JAN [ ] &
o O
A\
Polar _
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AMountain
{> Continental L[]
Percent difference $SA, 100*(model-insitu)/insitu
I
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model development

NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24,2018
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Mauna Loa Transmission and the Stratospheric Aerosol Record

Mauna Loa
Observatory Lidar

Mauna Loa Solar Transmission

0.98

Climate Intervention:
Solar Radiation Management

lesser'eruptions
0.94 W _
0.90 // f 1 } —
0.86 Agu ng 4 \ |

Pinatubo 4

Apparent Transmission

k 4

El'Chichon |

1960 1970 1980 1990 2000 2010 2020 Hughhunt
Year
Barnes — P-43
Keen — P-41
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DRIVERS AND ENVIRONMENTAL
RESPONSES TO THE CHANGING
ANNUAL SNOW CYCLE OF
NORTHERN ALASKA

CHRISTOPHER |. Cox, RoBerT S. Stong, Davip C. DougLas, Diane M. StaniTski, GEoRGE J. Divoky,
Geofr S. DuTTON, CoLM SWEENEY, |. CRAIG GEORGE, AND DavID U. LONGENECKER

1

Meli 5 days eglrly

Melt typical
7, L/

(b) . /

Melt 5 days late

(c)

Cox — Session 3
Morris — Session 3

process understanding

monitoring changes

NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24, 2018
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NOAA Antarctic UV Spectral Ultra-violet (UV) Networks _NEUBrew
Monitoring N y NOAA Environmental Ultraviolet-
onitoring Networ
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Looking Forward
New Instrumentation for Cloud Properties at SURFRAD Sites

Measurements and Data Products
e Surface Radiation Budget — all components
e Sky cover/cloud fraction
Cloud optical depth (overcast)
Aerosol Optical Depth (AOD)
e Surface in situ aerosol optical properties
e Spectral Surface Albedo
e UV-B
e PAR
e Vegetation Indices (NDVI, GVF)
e Spectral UV irradiance, Ozone, UV Index
e Cloud Height, Cloud Layers (overlap)
e Boundary (mixing) Layer Height
e Cloud optical depth (broken cloud)
e Cloud microphysics — effective radius, drop size, phase
e Cloud liguid water path (derived)
e Ambient Column Aerosol Size Distribution, Single
scattering Albedo, Asymmetry Parameter
e Spectral AOD — UV to NIR (aerosol type/composition)
NOAA/ESRL Global Monitoring Division
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Looking Forward
An Expanded Aerosol Optical Depth Monitoring Network

Instrument upgrades, new deployments, and development of aerosol optical
property retrieval algorithms will results in an expanded network.

® use of newly expanded spectral measurements at
SURFRAD and DOE ARM sites for routine retrievals
of improved aerosol microphysical and optical
properties

® addition of refurbished instruments to SOLRAD sites
for expanded spatial coverage of aerosol optical depth

® development of a spectral ultraviolet aerosol optical
s | R TR depth product from Brewer spectrophotometers in
WaMOgUETHYS E the NEUBrew Networlk for information on aerosol
composition and its radiative impacts

| gl
. SURFRAD - expanded VIS/IR
@ SOLRAD - VIS/IR
() NEUBrew - UV

NOAA/ESRL Global Monitoring Division w
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Looking Forward
A NOAA Surface Energy Budget Network
for Improving Weather and Climate Predictability

gy Ecoregions of the United States existing radiation measurements
i o Provinces . at
_— i O existing heat flux measurements
& O proposed new sites
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Monitoring and Understanding Trends in Surface Radiation, Clouds, and Aerosols

M. WCRP Grand Challenge: Clouds, Circulation, and Climate Sensitivity
How the interaction between clouds, greenhouse gases, and aerosols affect
*—r A temperature and precipitation in a changing climate

WCRP Initiatives: GMD Research:

Climate and hydrological sensitivity Small- and large-scale atmospheric
dynamical effects on cloud properties

Coupling clouds to circulation : :
Ping Regionality of cloud and aerosol responses

: / to local and large-scale forcing
Changing patterns

Decadal to multi-decadal observations to

Leveraging the past record constrain cloud processes and feedbacks

Towards more reliable models — ~ Persistent model biases evaluation and

—

improving physical understanding

NOAA/ESRL Global Monitoring Division @
Laboratory Review, May 21-24,2018 https://www.wcrp-climate.org/gc-clouds Surface Radiation, Clouds and Aerosols 27
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