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Outline

e Summary of Previous (2013) Panel Report

* Mission of NOAA’s Global Monitoring Division
e Organization and Management

* How We Plan, Ensure, and Measure Success

* Transformative Opportunities

* Upcoming Sessions
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2009-2013 Review Panel Summary

®* Relevance:
— “Environmental Security of the nation”
— “Essential to the NOAA mission”

* Quality:
— “GMD has become a NOAA/ESRL star”

— “pushing the frontiers in Climate, Greenhouse Gases, Ozone Depletion, and Air
Quality”

— “will be used by the international community for decades to come”
* Performance:

— “The investments into GMD have been well optimized in an underfunded
environment”

— “The work ... is of the highest caliber”

— “The scientific community, nation, and beyond are reaping the benefits, and are
heavily dependent on GMD. Now is the time to strengthen the capacity of GMD
even further to maintain its global lead in these activities”

NOAA/ESRL Global Monitoring Division
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2013-2018 Panel Recommendations

Recommendations:
* Expand the science that GMD does to support other science
and regulatory agencies (state, national, and international)

e Sustain operations, scientific analysis, and technological
development required for its mission.

* Add additional resources into all aspects of GMD operations,
scientific analysis, and innovation.

e Recruit new talent and reinvigorate the both CIRES and NOAA
positions

* Ensure continuity in observing network

NOAA/ESRL Global Monitoring Division
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GMD Mission
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NOAA Program Plan 71-1

“Geophysical Monitoring for Climatic Change”

NOAA Program Plan 711

Oice of Plans sn Pregrams

Geophysical Monitoring for
Climatic Change

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

“This plan, Geophysical Monitoring for Climatic
Change, is NOAA’s program for global monitoring of
man’s inadvertent modification of weather and
climate.”

— Robert White, Acting Administrator, NOAA

“Determination of the trends of the climatically
important burden of atmospheric contaminants and
resolution into natural vs. man-induced sources is
essential to the preservation of environmental
quality.”
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GMD Origins

. We must achieve a new awareness of our
dependence on our surroundings and on natural
systems which support all life, but awareness must
be coupled with a full realization of our enormous
capability to alter these surroundings.”

Richard M. Nixon, 1970

Geophysical Monitoring
for Climatic Change

No. 1

SIlmmaru Henurl 1972
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“It is the objective of the GMCC program to respond
to the need for this new awareness by providing a
portion of the quantitative description and analysis
needed. Specifically, it is our objective to measure
the necessary parameters for establishing trends of
trace constituents important to climate change and
of those elements that can assist in apportioning the
source of changes to natural or anthropogenic
sources, or both.”

“This program has its special focus in establishing a
long-term time series from ground-based
information.”
Geophysical Monitoring for
Climate Change
First Summary Report, 1972
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GMD Vision and Mission

Vision
GMD providing and society using the best
possible information to inform climate
change, weather variability, carbon cycle
feedbacks, and ozone depletion
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Mission

To acquire, evaluate, and make available
accurate, long-term records of
atmospheric gases, aerosol particles,
clouds, and surface radiation in a manner
that allows the causes and consequences
of change to be understood @

Page OV-2-8




How GMD sets priorities

* Legislative mandates

e Consistency with NOAA’s and OAR'’s
strategic plans and priorities
*  Relevance to interagency and
international plans
e Relevance to national and international
assessments
e Within the framework of GMD’s
mission:
— Align research along Grand Challenges
— ldentify key scientific questions
— Determine role of long-term
observations to answer those questions
— Sustain quality and continuity of
observations
— Understand the observed distributions
and trends
Expand networks as needed
Conduct periodic regional-scale studies

NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018
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Key Legislative Drivers of

ol TR
GMD’s Research : S ey

e GMD’s research contributes to fulfilling requirements for
over 25 laws

* Four pieces of US legislation stand out
— National Climate Protection Act (1978)
— Global Climate Change Program Act (1990)
— Global Change Research Act (1990)
— Clean Air Act (1990)

NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018 Page OV-2-10




Plans and Agreements

* United States
— National Global Change Research Program Research Plan
— US Carbon Cycle Science Plan w”ﬂj ure
— NOAA Next Generation Strategic Plan :
— NOAA Research Plan & OAR Priorities
— NOAA/ESRL GMD Research Plan

* International
— WMO Global Atmosphere Watch Strategic Plan
— GCOS Implementation Plan
— GEOSS Strategic Plan
— GEO Carbon Strategy
— WACRP Strategic Plan

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

NOAA Plans

NOAA Next Generation OAR Strategic Plan
Strategic Plan

* Goal: Climate Adaptation and Mitigation * Aim: Climate Adaptation and Mitigation
Primary Objective: Improved Understanding — What is the state of the climate system and
of Climate Change and its Impacts how is it evolving?
— Other Objectives: Assessments, Mitigation — What causes climate variability and change on
and Adaptation, Climate-Literate Public, global to regional scales?
Partnerships — What improvements in global and regional
o Goal: Weather Ready Nation climate predictions are possible?
— Objectives: Reduced loss from high impact * Aim: Weather Ready Nation
events, improved water management and air — How does climate affect seasonal weather
quality, healthy people and economy, and and extreme weather events?

improved transportation —  How can we improve forecasts for freshwater

resource management?

— How are atmospheric chemistry and
composition related to each other and
ecosystems, climate, and weather?

NOAA/ESRL Global Monitoring Division
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OAR Priorities

e Sustain the long-term observations of the Earth System

* Improve the accuracy of weather forecasting and climate
predictions

* Provide the environmental information needed by decision makers
e Sustain and enhance ocean exploration and research infrastructure

* Provide the essential scientific understanding of ecosystem
processes and change

* Enhance marine resources management

* Detect, and provide early warning information for ocean, weather
and climate events

NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018 Page OV-2-13

GLOBAL MONITOR GMD Research Plan
DIVISION

 Documents GMD’s purpose

e Built around recognized
Grand Challenges™

e Identifies key scientific
guestions

e Shows how GMD activities
help answer those
guestions

* Provides a path forward

* Includes milestones as
measures of performance

*Weatherhead et al 2017, Earth’s
Future, Nov 2: WCRP
https://www.wcrp-climate.org/grand-
challenges/grand-challenges-

overview
Page OV-2-14 @




CMD Research Themes and Applications

NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018 Page OV-2-15
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Radiative Forcing Renewable
GMD Research Themes and Applications Energy Support

nding Trends
aition. Climate

CIimate ds, and Aerosols
Intervention

Sensitivity

NOAA/ESRL Global Monitoring Division
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Air Quality Arctic Processes
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Scientific Questions

(Details in Research Plan)

Greenhouse Gases and

Carbon Cycle Feedbacks .-
Surface Radiation, Clouds, and

How do oceanic and terrestrial carbon fluxes vary in a changin
How do, Aerosols

v How spatially and temporally variable are anthropogenic inputs v" How does surface radiation vary in space and

of greenhouse gases? time?
v" How is upper tropospheric and lower stratospheric water vapor v How do climate change and va riability work to
interacting with climate change? redistribute clouds ?

v" How do aerosol optical properties vary as a
function of location, time, and atmospheric
conditions?

How well is the Montreal Protocol working to reduce ozone
depletion?
v" How does black carbon influence lower

s stratospheric ozone recovering as expected? atmospheri ud prevalence?

v" How is climate influencing Brewer-Dobson circulation and its

feedbacks? How do changing sky conditions affect

ultraviolet radiation at the Earth’s surface?

v" How sensitive is the oxidative capacity of the atmosphere and
how is it changing over time? v

How can information on surface radiation
improve renewable energy predictions?

NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018 Page OV-2-18
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How We Plan, Ensure,
and Measure Success

NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018 Page OV-2-19

Path To Success

* Rigor —role as a world leader in
measurements that we do

* Excellence —in the science that comes
from the measurements

e Pathfinder — for new technology to
enhance and sustain measurements

e Transparency — making

= £ _-- measurements, methods, scientific

== = EE findings accessible to the public

, * Leadership — providing guidance to the
rest of the scientific community to
ensure compatibility of global
measurements

NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018 Page OV-2-20
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How We Measure Success

e Sustained high-quality long-term
records of atmospheric
composition

* Preeminence of our science as
documented through the peer-
review process

e External recognition of staff

e Ability to update products
regularly

* Use of products by external
partners

e Leadership on councils, advisory
groups, and committees

e Contributions to assessments

NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018 Page OV-2-21

Some Substantive Accomplishments of GMD

Magnitude of the terrestrial, northern hemispheric
sink for atmospheric carbon dioxide

— Continuing to provide on-going, solid evidence that half
of the CO, emitted to the atmosphere is taken up by
land and oceans

— Continuing to investigate the reliability of sinks
e Turnover of ozone-depleting gases and the onset of
ozone recovery
— Annually quantifying the contributions of Montreal
Protocol and other gases to potential ozone recovery
e Stability of oxidizing capacity of the troposphere
largely derived from these ozone-depleting gases
and their replacements
— Affects lifetimes of many gases in the atmosphere

NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018 Page OV-2-22
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e Largeincrease in radiative energy at the surface
across the United States over the past 15 years
(equivalent to twice the forcing from a doubling
of CO,)

— This, while noting a decrease in aerosol radiative
forcing

— Caused by variability of clouds on decadal scales

* Improving satellite retrievals through continuous
evaluation of retrievals for O;, UV, surface
radiation, water vapor, and GHGs

* Primary source for information and data on
hundreds of variables in the atmosphere

— Virtually all of these are identified as GCOS Essential
Climate Variables

NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018 Page OV-2-23

Publications Keep Increasing

GMD Peer-Reviewed Publications * These are publications
with GMD authorships.

e The number has
increased at ~7 per year
since 2013, our last
review.

e That’s the same rate of
increase since 2008.

2008 2008 2010 2011 2012 2013 2014 2015 2016 2017

nature | ===
geoscienee

NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018
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Staff Performance — Hirsch Index

H-Index* # Pubs. # Citations
? Tans 66 227 17,195
Global Monitoring Division Citations & H-Indices 2013 and 2017 Oltmans 64 234 13,015
Elkins 55 175 8,799
® Current Staff Career Publications =3,874 gﬁ:ecr:kenck 2: 1‘5‘2 z’igg
Current Staff Career Citations = 189,921 Johison — a1 107 5‘008
s Sweeney 41 144 7,270
Long 37 94 6,574
Nat’'l Acad. Sci.™ > Novelli 37 74 4,356
Hintsa 36 76 3,784
x ¥ Montzka 36 147 7,812
2 m 2013 H-Index Butler 35 59 3,804
< w2017 Hindex Schnell 35 110 4,028
. Bruhwiler 34 59 5,412
Andrews, A. 33 93 3,410
Conway 33 65 7,162
Miller, J. 33 89 4,257
20 - Jefferson 32 65 3,307
Full Prof. or Fellowship——> Masarie 30 26 6,324
Associate Prof. —> Miller, B. 30 70 4,140
o Hurst 29 71 2,708
Moore 29 68 3,513
Michalsky 28 89 2,699
' " | | | | | | McComiskey 28 118 4111
LI T e e Sheridan 28 63 3,502
Individual GMD Scientists
NOAA/ESRL Global Monitoring Division *As of Dec 2017 Page OV-2-25
Laboratory Review, 21-24 May 2018
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DOC Bronze Medal Award (1)
NOAA/CIRES Silver Medal Award (1)

Yoram J. Kaufman Award (1)

OAR Outstanding Paper (2)

CIRES Outstanding Service Awards(6)
Governor’s Award for High Impact Research (2)
AGU Excellence in Refereeing (3)

Vaisala Award (1)

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

e Total of 28 External Awards honoring 61 individuals in
GMD over past 5 years

Page OV-2-27 @

Partners

*  GMD operates instruments or
collects samples at 78 locations in 35
states in the US

* Nearly all of the 13 US agencies
participating in the USGCRP make use
of GMD’s data and products

e GMD operates similarly at 161
locations in 67 countries

* QOver 100 partnering scientists
worldwide, many in association with
WMO Global Atmospheric Watch

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

e NOAA/ESRL Global Monitoring Annual
Conference

— Essentially GMD’s annual meeting to
engage with partners contributing to,
sharing, or using GMD’s data and data
products routinely.
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National and Global Leadership

e WMO Commission for Atmospheric Science
— US Lead Delegate

—  WMO Global Atmosphere Watch (Four
members of Scientific Advisory Groups (2
chairs)

— Many members of GHG Measurement
Techniques Group

e European Research Infrastructures
— Advisory Boards for 3 EU Infrastructures

¢ Global Climate Observing System (GCOS)
— Atmospheric Observation Panel for Climate
e US Global Change Research Program
— Carbon Cycle Interagency Working Group
— Carbon Cycle Scientific Steering Group

— North American Carbon Program Scientific
Steering Group

— SOCCR Co authors (3 co-leads)

*  Group on Earth Observations
— GEO Carbon

NOAA/ESRL Global Monitoring Division e WCRP Baseline Surface Radiation Network

Laboratory Review, 21-24 May 2018 Page OV-2-29
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Assessments

* Qur contributions to Assessments are the highest level
product and ultimate transition for our research:

— Provide evaluations and syntheses of the most recent research

— Operate at the interface of science and policy, providing policy-
relevant information

* |PCC Assessments
— Inform nations through UNFCCC on climate and climate change
mitigation
 Significant vehicles for educating global society on climate change
* Ozone Assessments

- :nform nations through the Vienna Convention on the Ozone
ayer
* Resulted in significant amendments to the Montreal Protocol
* Led to acceleration of production phaseouts, most recently HCFCs
* National Assessments

®@\y'y U Global Change Research Program . . . . . H
@ National Climate — Provide US policy-makers with climate-relevant information

/&

Assessment . @
Page OV-2-30
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ESRL Student Program 2013-2017

s CIRES/CIRA e Research Experience for
* Educational Partnership Ur?dergraduates

Program e Science and Technology, Corp.
* High Schools  Significant Opportunities in

- Hollings Scholars At.mospheric Research |
e Tribal College Collaboration

339 Students
served in
2013 — 2017

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

GI\/ID Outreach

Building Global Capacity

* Coordinates with scientists, universities, agencies
around world to add sites to measurement
networks

* Trains emerging scientists abroad and WMO
partners

Public Outreach

®* GMD Observatories provide tours, community
presentations, student field work

® 29,485 visitors to our facility in 2013-2017 were
shown SOS, the GMD “Wall”, and other activities

® Organized NOAA activities for Native American
students and minority groups (e.g., AISES, Howard)

* Served as panelists and presenters in local high
school science classes

* Presented GMD science at TEDx Boulder Salon

* Hosted anniversary events with Boulder media
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Organization and Management

NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018 Page OV-2-33

GMD Organization
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$24,000 GMD Income

$20,000
$16,000
m OAR Base
312,000 O Clim. Prog. (also OAR)
$8,000 - ® Reimbursable
@ Total NOAA Funding
$4,000 - .
O Total Funding
$0 -
2011 2012 2013 2014 2015 2016 2017 2018
$2018 Basis

$20,000

}”51.5M drop in spending
power since 2015

$16000 —TTr—m—m——ou | | L T T -
$12,000 -
B 52018 Basis (NOAA)
$8,000 -
$4,000 -
*NOAA funds only. External
S0 - T T T T funding adds another 15-20 %

2011 2012 2013 2014 2015 2016 2017 2018
Page OV-2-35

Expenditures by Function

2017

2% 1%

1% [

® Fed Salaries/Benefits
m CIRES
m Contract/Services
m Facilities / Rent
H NOAA Overhead
W Supplies
= Equipment
= Shipping
Travel

NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018
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Budget distribution in GMD (2018)

$8,000,000 :
B Reimbursable
e 5 Research 000000 I NOAA Funding
G rou ps o O Organizational Costs
$6,000,000 OExternal Grant
* Observatory mRent & Utilties
Operations $5,000,000 mDO & IT Labor
* Director’s Office %™
and IT $3,000,000
— Includes Admin $2,000,000
& Budget
$1,000,000
— Largely non- . l
scalable S0
] N N o A N & &
N (?{00 d"ﬁoo e“oso &“é@ °@$ E)‘éoo )
NOAA/ESRL Global Monitoring Division Q\’b\o v ‘oc’@ 01'0 ®
Laboratory Review, 21-24 May 2018 o

Workforce Profile
2017

M Federal (with

2012

B Federal (with

NOAA Corps x2) NOAA Corps x2)
m Cl (CIRES & m Cl (CIRES &
JIMAR) JIMAR)

m Contractor (STC) m Contractor (STC)

Total “FTE” = 107 Total “FTE” = 115

m PhD

m PhD
B Masters

B Masters
M Bachelors

M Bachelors
B Other

H Other

NOAA/ESRL Global Monitoring Division

l
I
I
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I
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I
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I
I
I
I
Laboratory Review, 21-24 May 2018 I Page OV-2-38 @
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Workforce Demographics

2017 2012

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

I
|
|
I
|
|
|
— : u Male
W Female |  Female
I
|
I
|
I
I
| & White
W Caucasian i .
A | W Asian
sian I
. Pacific Islander i
: ‘ I . Pacific
W Hispanic I Islander
I @ Hispanic
|
I
1
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Workforce Age Distribution

12 Non-Fed Median = 49 yrs GMD Leadership (n=12)

10 Fed, Median =53 yrs a
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NOAA/ESRL Global Monitoring Division
Laboratory Review, 21-24 May 2018 Page OV-2-40
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Our Challenge Ahead

Inflationary erosion
(2%/yr) impinges heavily
on GMD
— Extent of observations
— Quality of observations
— Number of personnel

Steady funding means
S2M loss in 5 years, $4M
in 10 years.

Steady funding puts
GMD on a path to lose
1/3 of current scientific
personnel in 10 years

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

Funding in 2017 Dollars

§25,000 7----=+lh-- e - 100%
- 90%
o)
c
$20,000 | T R - 80% Z
'S B
* e o, . S T0% £
* @ o
$15000 | * L eo% g
# Spending Power . 50 ﬁ
<]
10000 | gpeficitfrom2017 S =
o
- 30% 2
Percent of scientific Q
85,000 |t - 20% 9
workforce [0}
m n " =
g m ® E - 10%

]
30 s n 8 0%

T T T
2016 2018 2020 2022 2024 2026 2028
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How are we addressing decreasing resources?

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

e Reimbursable projects
* Increasing efficiency
e Reducing redundancy

e Collaborating with other
labs

e Cutting back on sites

* Renewing aging
workforce?

Page OV-2-42 @
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Renewing t

ne workforce

12

10

B~ O o

Non-Fed Median =49 yrs
Fed, Median = 53 yrs

25-29 e—

15-19
20-24 =

45-49 Y

60-64 I

65-69 B

70-74 B

e Why
— New ideas
— New technology
— New energy
— Training leaders for future

— Protecting a 50 year
investment that NOAA has
made

* How
— Postdoc programs
— Outside grants
— Collaborations with universities

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

Optional Challenges

Sustaining long-term observations in
global networks

Ensuring a world-class research

workforce

Addressing succession

e

Nk,

Transformative
Opportunities

e Build commercial aircraft capability
* Expand C-14 efforts

e Augment Surface Radiation Network
to improve predictions

* Enhance upper atmospheric research
* Support renewable energy evaluation

e Advance US tall tower network for
boundary layer composition studies

Page OV-2-44 @
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Upcoming Presentations

PR . and Aerosols

Allison VIcGon

Brad Hall Brian Vasel

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

o L

NOAA Global Monitoring Division GMD Mission

o To acquire, evaluate, and make available
accurate, long-term records of atmospheric
gases, aerosol particles, clouds, and solar

. ... providing the best possible information
to inform climate change, weather

variability, carbon cycle feedbacks, and AR
. radiation in a manner that allows the causes
ozone depletion.
and consequences of change to be understood.
NOAA/ESRL Global Monitoring Division
Page OV-2-46
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Theme 1: Tracking Greenhouse Gases and 5

Understanding Carbon Cycle Feedbacks

_

Radiative Forcing gl Renewable Energy

¥® { Support
Tracking Greenhouse Monitoring and
Gases and Understanding JEUCESERERERICHES
Carboh Cydﬁff-“éédb cks inSurface Radiation,
1 =% | Clouds, and Aerosols
x 2 g et niadbisr

Climate Sensitivity Climate Intervention

O
a2 ' SGf"a
e@‘ Guiding Recovery of tO,f
\’a(\ Stratospheric Ozone s
S
Air Quality i Arctic Processes &
L |
NOAA/ESRL Global Monitoring Division @
Laboratory Review, May 21-24, 2018 Carbon Cycle Greenhouse Gases

Take Home Messages

*  We are creating an unassailable and well-documented record of greenhouse gases.

*  We try to help society deal with the climate problem:
— Create a quantitative record of climate forcing.

— Quantify and diagnose the response of the natural carbon cycle and greenhouse gas budgets to
climate change.

— Evaluate potential “surprises” and give early warning if warranted.
— Support mitigation by providing objective and transparent verification of emissions.

e Close relationships between measurers and modelers have kept us at the forefront of carbon
science and are crucial to continued success.

*  NOAA anchors the global and US atmospheric carbon observing network. We established
multiple comparisons with Environment Canada, Earth Networks and university researchers. We
rely on partnerships with other labs and institutions.

*  We have just begun to reap the scientific rewards of our investment in North American
monitoring — multiple-species analysis will provide critical process constraints and enable
improved source attribution.

NOAA/ESRL Global Monitoring Division @
Laboratory Review, May 21-24, 2018 Carbon Cycle Greenhouse Gases
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Outline

Tracking Greenhouse Gases at Regional to Global Scales

Understanding Carbon Cycle Feedbacks

Monitoring Greenhouse Gases in the Upper Atmosphere

Looking Forward

Quality, Transparency, Availability, Capacity Building

NOAA/ESRL Global Monitoring Division ‘@'
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Tracking Greenhouse Gases at the
Global Scale

Mauna Loa Observatory: Photograph by Forrest Mims Il

“Science-driven monitoring of the atmosphere,
responding to societal needs”

Y

NOAA/ESRL Global Monitoring Division ‘@'
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NOAA Global Greenhouse Gas Reference Network %7

Aircraft T IS0°E 150°W  90°W  30°W  30°F

*

# Surface Continuous

A Tower e Data are carefully calibrated relative to WMO scales
B Observatory * Intra-laboratory and cross laboratory comparisons
® Surface Discrete with other labs ensure data compatability

* Whole air samples are analyzed for many species

5
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* Weekly whole air samples capture the variability at remote sites.
* Local sources and sinks are avoided.

6
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Measurement of Atmospheric Gases that Influence Climate Change (MAGICC) 28
Whole Air Sample Analysis System

Calibration

214~ Gases

Manually Sampled
Flasks

Programmable
Flask Packages

WMO compatibility goals for remote sites:
CO,: £0.10 ppm Northern Hemisphere, £0.05 ppm Southern Hemisphere

CH,: £2 ppb

N,O: +0.10 ppb ,
NOAA/ESRL Global Monitoring Division @
Laboratory Review, May 21-24, 2018 Carbon Cycle Greenhouse Gases
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Search
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Global Greenhouse Gas Reference Network -  Products and Data -  Information -
Reference Network

Trends in Atmospheric Carbon Dioxide

Mauna Loa, Hawaii Global CO, Movie CO, Emissions

RECENT GLOBAL MONTHLY MEAN CO,

T 410
Recent trend Last 5 Years Full Record Growth Rate Data
Recent Global CO, z [
|
|
January 2018: 407.54 ppm =
o L
January 2017: 405.06 ppm w 400
Last updated: April 8, 2018 w
|_
[a
g
395
Global Means computed from the MBL - g
refgrence syrfac? :.a\re made readily - T s _— - —
available with minimal delay. YEAR
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NOAA Annual Greenhouse Gas Index
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gases is up by 40% over 1990 levels.
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Understanding Carbon Cycle Feedbacks

NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24, 2018
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Grand Challenge: Carbon Feedbacks in
the Climate System

* What biological and abiological processes drive
and control land and ocean carbon sinks?

e Can and will climate-carbon feedbacks amplify
climate changes over the 21st century?

* How will highly-vulnerable land and ocean carbon
reservoirs respond to a warming climate, to
climate extremes, and to abrupt changes?

11
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Global carbon sinks are increasing

B Sink
5.0

2.5

Pg C yr™

0
-2.5

=-5.0

® FF Emissions
7.5 a CO, Increase

1 Carbon sinks keep
increasing as fossil fuels
keep rising. Global C
uptake now ~4 PgC/yr.

~50% of fossil fuel
emissions are still taken
up by sinks.

Year-to-year variability
driven by land uptake. We
cannot yet attribute land
uptake to specific

1960 1970

NOAA/ESRL Global Monitoring Division
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1980

1990 2000 2010 processes.
Year

Ballantyne et al., Nature, 2012, updated

GMAC presentation by Ed Dlugokencky 12
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Globally averaged CH, and its growth rate 31

1810
1760
1710

CH, (ppb)

1660

Collapse of USSR

d(CH,)/dt (ppb yr™)

|
n
LLLEN LR

n i L i 1 L 1

1985 1990 1995 2000 2005 2010 2015

Year
CH, data from Ed Dlugokencky - - -
GMAC Presentation by Lori Bruhwiler -
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CH, from Fossil Fuels?

* Not consistent with fossil fuel source
 Must be microbial source

1825

1800

CH, (ppb)

1775

-47.0
-471F

C (%)

W _47.2
=]

-47.3
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Estimating Emissions and Removals

NOAA/ESRL Global Monitoring Division w
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Observational Constraints on the Global Atmospheric CO, Budget
PIETER P. TANS, INEZ Y. FUNG, TARO TAKAHASHI

90N T oon
W —
L " © e ]
60°N 1 - 60'N g o p%; c : % : ‘ ;,'/';-';‘;:
g ]
= 350 | i
30N y F30N 8 P //H«{E
i | 4 E 340 | ,/)/,.~—'/” ; N
e I PP 2t 1
0 ° ‘e 0 £ 348 | 1 4
[ ] . | Ja u“ f /{/ .
( SN o " LE o' 347 U4 / i
08| Loy, I U s g et s
¢ . ’ Pl ;3 24
80°S 1. S g,‘, - D Fre0's < 345 :_7,2,/.:)/ I E = ; mEEg%
80°S - - 90's GM-x S ‘-n:J.sl o t‘) Iuisl B
100°E 140°E 180" 140°'W 100'W 60'W 20°W 20°E 60°E 100°E Sine of latitude
e flask sampling site (weekly)
~ observatory (continuous) Science, Mar. 23, 1990

“...alarge amount of the CO, is apparently absorbed on the
continents by terrestrial ecosystems.”

| 1439 citations! |
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LS. Department of Commance / National Oceanic & Atmospheric Administration / MOAA Ressarch

0, Ssarch ESRL:

Q/ Earth System Research Laboratory

Global Monitoring Division Gotonder| | Publicart

Global Greenhouse Gas Reference Network - Products and Data -  Information ~
Reference Network
| CT2016 |
Home CarbonTracker CT2016
FAQ
D on CarbonTracker is a CO, measurement and modeling system developed by NOAA to keep track of sources (emissions to the atmosphere) and
¥ sinks (removal from the atmosphere) of carbon dioxide around the world. CarbonTracker uses atmospheric CO; observations from a host of
Tutocial : collaborators and simulated atmospheric transport to estimate these surface fluxes of COy. The current release of CarbonTracker, CT2016,
Collaborators provides global estimates of surface-atmosphere fluxes of CO, from January 2000 through December 2015.
Versions
: 2 =5
[ Resutts | What is CarbonTracker?
Evaliation CarbonTracker is a global model of atmospheric carbon dioxide with a focus
on Morth America, designed to keep track of CO, uptake and release at the
Fluxes 7 a
- Earth's surface over time. [read more]
Obserat Who needs CarbonTracker?
Mols b Policy makers, industry, scientists, and the public need CarbonTracker
Download information to make informed decisions to limit greenhouse gas levels in the
Resources atmosphere. [read more]
Usage Policy What does CarbonTracker tell us?
E-mail List Morth America is a source of COy to the atmosphere. The natural uptake of
Contact Us Oy that ocours mostly east of the Rocky Mountains removes about a third of CarbonTracker CO; weather for June-July, 2008, Warm colors
CT on YouTube ) the GO, released by the use of fossil fuels. [read more| show high atmospheric CO; concentrations, and coo! colors show
o fow concentrations. As the summer growing season fakes hoid,
Glossary What is new in this release of CarbonTracker? NEW! DheTattacts by Tl o e sesis oamoariEtiog b C0s
Raferences This release of CarbonTracker ("CT2016") uses new hourly cbservations from dawn, opposing the general increase from fossil fus! burning. The
i . i resuiting high- and low-C0; air masses are then moved aound by
GLOBALVIEW+ and refined first-guess flux models. [read more] oy otoar o e o e P Mo an 0%
weather]
GMAC Presentation by Andy Jacobson
NOAA/ESRL Global Monitoring Division w
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NOAA’s CarbonTracker provides up to date estimates of regional
carbon fluxes:

1°x1° land fluxes

g e
P

T T E—— flux (gC mY yr) NOAA Earth System Research Laboratory ‘w'

-120 -80 -40 0 40 80 120 CarbonTracker CT2016 release

——

—

T—
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CarbonTracker

Tropical land flux anomalies

g | P CT2016
— CT2017
— 1 ==
e
O
o
o 0 —
_'1 —
| I I I I | 1 1 1 | | I I I I | 1 I
2000 2005 2010 2015

CT2017 is the first CarbonTracker release to simulate impacts of a large El Nifio. In
2015 and 2016, we find about 1.2 PgC/yr extra CO, in the atmosphere due to this
event.

NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24, 2018 Carbon Cycle Greenhouse Gases
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Global Greenhouse Gas Reference Network -~  Products and Data -  Information ~
Reference Network

Observation Package (ObsPack) Data Products

Home Documentation Download Contributors Lab Lookup Table Release Notes Publications

ObsPack Download
Please read the ObsPack Fair Use Statement before accessing any products from this web site.
Show archived ObsPack products
* All of the GGRN CO,, CH,, N,0, SF,
3 Release Notes
data are archived and available in FROGUS Xiirmaton
PRI  chipock co2. 1 GLOBALVIEWpIusv3 220171102 |1}
oo vl 18-04-1
ObsPack format ot 2 ottt A At
. Package File Format obspack_co2 1 GLOBALVIEW-CO2_2013.v1.0.4_2013-12-23

* Near-real time products support CONMOITONTIANON | oheowrk ot coosind COCTRRATMNAARL 2090308

OCO-2 retrieval evaluation and prenl i el U

. obspack_multi-species_1_CCGGAIrcraftFlask v1.0_2018-02-08

data analysis .

e GLOBALVIEWplus products are a _
. . Email Address

multi-laboratory community e

product e eeTa :
e Campaign ObsPacks are available, Please describe your Intended use

e.g. ATom, ACT-America * Wy yourcontat iformaton f pertnt
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Moving from Global to Regional Scales

30°N
20°N

10°N

140°W  130°W 120°W 110°W 100°W 90°W  80°W  70°W

NOAA/ESRL Global Monitoring Division
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North American Carbon Program: A US Inter-Agency Effort

——

(5= =

American Carbon Program :
. F 1 g
< —— e,
) The North American Carbon Program
e 3 A3 m
& b3 s &
PLTR: z

The NACP Committee of the
U.S. Carbon Cycle Science Steering Group

Steven C. Wofsy and Robert C. Harriss
Co-Chairs

“Consider uptake of CO, due to woody encroachment... 0.12 GtC/yr... spread out over an area the size of
Texas, the annual mean decrease of CO, in the column would be 0.11 ppm/day...The associated
depletion in atmospheric CO, over 1000 km could be 0.6 ppm in the lowest 3 km, comparable to the CO,
from fossil fuels...A total of 30 sites for North America are anticipated...Vertical profiles should be
obtained at frequency of every other day...”

- 0.1 ppm measurement comparability to resolve the signal of important processes

NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24, 2018 Carbon Cycle GreenhouReg@dsdb1-1-22




Tall tower in situ and flask sampling
* All NOAA tall tower sites have continuous CO, and CO and flask
measurements (every other day sampling, A*CO, 3x per week)

* Three sites also have continuous CH,

» Additional mountaintop sites have continuous CO, and/or flask

* Many partners!

Tall tower program PI: Arlyn Andrews

23
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Aircraft sampling with “Programmable Flask Packages”

Nominal schedule 2 flights per month
e Most aircraft max altitude 6000 to 8000 masl
* Twelve flasks per package

* Flasks measured for CO,, CH,, CO, N,0, SF, H,,
stable isotopes of CO, and sometimes CH,,
A¥CO, (subset of samples), hydrocarbons
(recently added ethane!), halocarbons

Aircraft program Pl: Colm Sweeney

NOAA/ESRL Global Monitoring Division w
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The past decade has seen major expansion of the North Americansz
atmospheric carbon observing system:

2005 2015

+ +
o °
® + ©
& &
- B + Q |
PS o ® Jd o 7o)
® =
+ el + o n
o \! o J-
+
+ +
+ weekly flask » Growth of surface network has exceeded expectations

< aircraft flask
surface in situ
M TCCON .

>100 sites in 2015/2016

NOAA aircraft network: 14 sites profiling once or twice

per month up to ~8 km @,
Carbon Cycle Greenhouse Gases u

In Situ:

Many different laboratories are providing data, with different levels
of quality assurance and stability of funding:

Data Providers 20 15
NOAA Earth System Research Laboratory Global

Monitoring Division (A. Andrews, E. Dlugokencky, K. +
Thoning, C. Sweeney, P. Tans)

e Environment and Climate Change Canada (D. Worthyj ¢
e Penn State University (N. Miles, S. Richardson, K. Davis)
¢ NCAR (B. Stephens) + o
e Oregon State University (B. Law, A. Schmidt) &
e Lawrence Berkeley National Lab (S. Biraud, M. Fischer, 4 =1
M. Torn) & Py 03
+  Earth Networks (C. Sloop) e R w0
e California Air Resources Board (Y. Hsu) =
e Harvard University (J. W. Munger, S. Wofsy) © -
* U of Minnesota (T. Griffis) 4 !
e Scripps (J. Kim, R. Keeling, R. Weiss)
e NASA JPL (C. Miller, K Verlhulst) +
Remote Sensing: +

TCCON (D. Wunch, P. Wennberg, G. Toon)
GOSAT-ACOS (C. O’Dell)

0CO-2 team

+ weekly flask

Comparability among datasets is crucial for flux
estimation and trend detection.

< aircraft flask
surface in situ

NOAA/ESRL Global Monitoring Division
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M TCCON

Carbon Cycle Greenhouse Gases




38

What do the data tell us?

NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24, 2018 Carbon Cycle GreenhouReg@dsdbl-1-27

Average Seasonal Cycle of CO, above Homer, Illinois:

8000 —
6000 |
5000 [
4000 |
3000 | /. L
2000 [
1000 P

0 5 10

Time (month)

Altitude (m)

Sweeney et al., JGR, 2015

NOAA/ESRL Global Monitoring Division @
Laboratory Review, May 21-24, 2018 Carbon Cycle Greenhouse Gases




Annual CO, Climatology above North America, from

PFA(65.1°N, 147.3°W)  ETL(54.3°N, 105.0°W)

-

NOAA/ESRL Global Monitoring Division

DND(48.1°N, 98.0°W)

e

Hawaii

HAA(21.2°N, 158.8°W)

Sweeney et al., JGR, 2015:

NHA(43.C°N, 70.6°W)

|

SGP(36.6°N, 97 5°W)

7°N, 96.8°W)

Laboratory Review, May 21-24, 2018

South Carolina
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&

Multi-species profiles provide powerful constraints on
flux estimates:

Sampling Altitude (above sea level, km)

Eastern USA (NHA)

Nov 2005

9 - 94 9 - 94
.| SF, ,/HFC- | cO | CO, .| GCfCl, ,cH,ccl,
7 7 134a 74 71 71 74
6 - 6 6 - 6 4 6 6
5 5 - 51 51 59 54
4 4 44 4 44 4
31 3 3 31 3 3
2 2 2 24 29 21
1 1 1 1 A 14 14
05.6 58 6.0 6.2“3 41 46 ‘ 0 50 100 150 200“370 380 390 400n 02 46 81012 n17.0 17.5 18.0 185
91 9 - 9 -
a1 COS o CHCl o1 CHBr  girong anthropogenic
7 7 A -
. ! 7 influence

6 6
5 1 5 - 5
) N N Surface uptake
zi z z Multiple species aid in quantitative source
L ) N attribution for carbon gases.
0 T U T U T
400 450 500 500 550 7 8 9 10 Courtesy of Steve Montzka
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CO, and 3CO, anomalies over North America are correlated with large-
scale climate anomalies: Arctic
El Nifo Oscillation El Nifio

2008 2009 2010 2011 2012 2013 2014 _ 2015
Year
* Monthly anomalies (thin lines) of atmospheric CO, and §'3CO, averaged across North
American sampling sites.
» 613CO, provides information about how plants respond to drought stress.

GMAC Talk by Lei Hu
Poster by Ivar van der Velde

NOAA/ESRL Global Monitoring Division ‘@'
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Radiocarbon over North America shows decreasing trend due to fossil
fuel emissions and local depletion due to local fossil fuel sources:

[ o
o _L
— b T
- C
— -
8 © T 10 ppm Cy I
a O [
Q 9 T Alitude>3.5km
9 [ Most Polluted Sites
- I e®
= F " _
G -
m _:l L L 1 1 1 1 L L L 1 1 L I. L L
53 f f t
2005 2010 2015

GMAC Presentations by John Miller and Sourish Basu

32

NOAA/ESRL Global Monitoring Division @
Laboratory Review, May 21-24, 2018 Carbon Cycle Greenhouse Gases




Methane and Hydrocarbon trends over North America: 4

m ACH, trend (% yr?) ¢ = . -
@ ACH, trend (% yr) :;j"/""*l_/"_*} ‘;:'ﬁ.‘\.\:‘;}

W % ! s P, .‘*"»;_
e Methane trends are only observed at a few sites near oil and gas development
* Increasing propane and ethane trends are observed at many sites

NOAA/ESRL Global Monitoring Division GMAC Presentat|0n by Xln Lan
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CarbonTracker - Lagrange

CarbonTracker-Lagrange (CT-L} is a new regional
inverse modeling framework currently under
development and designed for estimating North
American greenhouse gas emissions and uptake fluxes.
CT-L uses surface sensitivity footprinis from Lagrangian
Particle Dispersion Models driven by high-resolution
meteorological simulations. Surface fluxes are
optimized for a consistency with a variety of in situ and
remote sensing observations of CO; using Bayesian
and geostatistical inverse modeling technigues. A beta
footprint product is available for download now, and
more products are coming soon.

Download CT-Lagrange Footprints
Inversion Software Documentation and Download

http://www.esrl.noaa.gov/gmd/ccgg/carbontracker-lagrange/

NOAA/ESRL Global Monitoring Division @
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CT Lagrange versus CT2016 Fluxes: Long-term mean

Multi-Year Monthly Averages (2007 — 2015)

5.
5 o
g
&
% s}
5
_10|CarbonTracker v2016 (CTJSS/ m—

CarbonTracker-Lagrange(CTL)

CTL - CT (PgClyr)

=2.0 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Net biospheric uptake is similar despit CT2016: -0.56+1.29 PgCyr?!
-e iospheric upta _e is similar despite very CT-L:  -0.7040.92 PgCyr
different atmospheric transport models

GMAC Presentation by Lei Hu
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CT-L terrestrial CO, fluxes show emergent and persistent
response to ENSO

La Niﬁa E :IOE;EiI fuel
|| H fire

__oaf '
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El Nino El Nifo

2007 2008 2009 2010 2011 2012 2013 2014 2015

GMAC Presentation by Lei Hu
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Research Article

Nitrous oxide emissions .
astimated with the Recent papers using the CarbonTracker-Lagrange

CarbonTracker-Lagrange North Framework highlight our close and mutually
American regional inversion beneficial relationships with academic

framework researchers.

Cynthia Nevison =, Arlyn Andrews, Kirk Thoning,

Ed Dlugokencky, Colm Sweeney, Scot Miller,
Eri Saikawa, Joshua Benmergui, Marc Fischer,

Marikate Mountain, Thomas Nehrkorn

Accepted manuscript online: 1 March 2018  Full publication
history

DOI:_10.1002/2017GB00S759 Atmospheric CO, observations reveal strong correlation between regional net

biospheric carbon uptake and solar induced chlorophyll fluorescence

Shiga, Y. P, Tadi¢, ). M., Qiu, X., Yadav, V., Andrews, A. E., Berry, 1. A. & Michalak, A. M. (2017)
Geophysical Research Letters, 44. hitps://doi.org/10.1002/2017GLO76630

0.2
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RESEARCH ARTICLE
10.1002/2014JD022617

Journal of Geophysical Research: Atmospheres

U.S. emissions of HFC-134a derived for 2008-2012
from an extensive flask-air sampling network

Lei Hu'?, Stephen A. MontzkaZ, John B. Miller', Aryln E. Andrews?, Scott J. Lehman®, Benjamin R. Miller'?,
Kirk Thoning?, Colm Sweeney'?, Huilin Chen®, David S. Godwin®, Kenneth Masarie?, Lori Bruhwiler?,
Marc L. Fischer®, Sebastien C. Biraud’, Margaret 5. Torn’, Marikate Mountain®,
Janusz Eluszkiewicz®, Scot Miller®, Roland R. Draxler'®, Ariel F. Stein'®, Bradley D
James W. Elkins?, and Pieter P. Tans?

Continued emissions of carbon
tetrachloride from the United
make them available for download. States nearly two decades after its

We plan to collect top-down emissions
estimates from all of these studies and

phaseout for dispersive uses

Lei Hu, Stephen A. Montzka, Ben R. Miller, Arlyn E. Andrews, John B. Miller,
Scott J. Lehman, Colm Sweeney, Scot M. Miller, Kirk Thoning, Garolina Siso,
Elliot L. Atlas, Donald R. Blake, Joost de Gouw, Jessica B. Gilman,

Geoff Dutton, James W. Elkins, Bradley Hall, Huilin Chen, Marc L. Fischer,
Marikate E. Mountain, Thomas Nehrkorn, Sebastien C. Biraud, Fred L. Moore
and Pieter Tans

PNAS March 15, 2016. 113 (11) 2880-2885; published ahead of print February 29, 2016.
https://doi.org/10.1073/pnas. 1522284113
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Satellite Retrieval and Model
Evaluation

NOAA/ESRL Global Monitoring Division w
Carbon Cycle Greenhouse Gases

Laboratory Review, May 21-24, 2018

The challenge for satellite column CO, sensors:

CarbonTracker July 2005 (mean) CO, sampled at 13:30 LST

column

" U

- _wef - =l .y - =
range 22.1 (361.1 to 383.3) umol mol-! range 7.9 ppm (373.0 to 381.0) pmol mol-’

350 355 360 365 370 375 380 385 CarbonTracker CT2015 release

S [P [CO,] pmol mol-'  NOAA Earth System Research Laboratory @'

* Mass balance: on average, the total column enhancement of CO, downwind
of the U.S. is ~0.7 ppm for 1.4 Gton C/yr of emissions.

e For a 20% reduction in emissions, column would change by ~ 0.14 ppm.

NOAA/ESRL Global Monitoring Division w
Carbon Cycle Greenhouse Gases
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OCO-2 Retrieval Evaluation

CI2016+NRT CI20164NRT

2.0 _ 2.0 — -
.E. 1.2 E 1.2
E 0.4 E 0.4
1 |
§ —0.4 § 0.4
[=] <

-2.0 -2.0 - ——

Mean=-0.26; SD=1.42; N=740628 Mean=-0.41; SD=1.20; N=797121

OCO-2 V7 OCO-2V8

e CarbonTracker-NearRealTime is one of a suite of models used to evaluate and bias-correct
OCO-2 retrievals

e CarbonTracker-NRT work is funded by NASA OCO-2 project and enables quick evaluation of
retrievals and assessment of information content

* The CarbonTracker Team prepares observations and provides to all the other modeling
teams along with information about CarbonTracker data selection and weighting

GMAC Presentation by Andy Jacobson
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&JAGU PUBLICATIONS m

Journal of Geophysical Research: Atmospheres

RESEARCH ARTICLE = U.S. CH,4 emissions from oil and gas production:
10 100z0T6I02e157 Have recent large increases been detected?

Ff‘:ﬂ:‘;‘:;_c b e e S L. M. Bruhwiler' ©_, 5. Basu®, P. Bergamaschi’, P. Bousquet” |, E. Dlugokencky' © |,
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= Shaet-term trends in spatial gradients

af CH, colufn abun.aance.ere i 'MOAA Earth System Research Laboratory, Bowlder, Colorado, USA, *Cooperative Institute for Research in Environmental
sensitive Lo changes in emissions dus

to atmosgheric variabiliny Sciences, University of Colorado Boulder, Boulder, Colorado, US4, *Furopean Commission, Joint Research Centre, Ispra, ltaly,
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 Temporal sampling biases cause apparent relative trends.
* Choice of inappropriate background contributes to spurious trend
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Monitoring the Upper Atmosphere

ﬁm‘ﬂ 5/’52‘: Patrick Lullis (patrick.cullisiZnoaa.gov)

43
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Long-Term Monitoring of Upper Troposphere/Lower Stratosphere (UTLS) Water Vapor

55§ ’
Boulder Frost Point Hygrometer Record ;:\ ,,.vs‘.___’__ I
ol e et
[=) (N > I
= \%o I
5 4.5F / \ 1
£ ol Ry
S M \/" 1
%4'0' ‘;I-t,td Intervals (km) W v
itude Intervals (km
T a5 —e-22-24 —-24-26 —o-26-28 | Hurstetal. (2011) updated
-o—16-18 18-20 20-22 }
1980 1985 1990 1995 2000 2005 2010 2015
Year

Net increase in UTLS water vapor: Positive climate forcing feedback

e Strong absorber of outgoing long wave radiation, weak thermal emission to space
e Climate change warms the tropical tropopause layer, increasing UTLS water vapor
e Additional UTLS water vapor absorbs more outgoing long wave radiation

Changes in UTLS water vapor have a significant impact on surface temperatures
e The ~1 mmol mol? (~25%) increase in [UTLS water vapor] between 1980 and 2000 would
have enhanced the rate of surface warming in the 1990s by ~30% Solomon et al. (2010)

GMAC Presentation by Dale Hurst

NOAA/ESRL Global Monitoring Division @
Carbon Cycle Greenhouse Gases 44
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Long-Term Monitoring of UTLS Water Vapor

Validation of Satellite-Based Measurements

47

Satellite-based instruments provide near-global coverage but
are

susceptible to biases and/or drifts in their measurements

Differences in Coincident Measurements: FPH-MLS

@
)

=
(%)

-0.34

T Boulder, 68 hPa ® FPH-MLS @ CFH-MLS === Trends

° %o P i o'o... o-_-
(-] 5

o °1

i, L ]

Statistical Breakpoints % i

I
T T T T —9 1 T |
T T

T Lauder,

68 hPa ® FPH-MLS

0° o ©°]

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Year

updated from Hurst et al. (2016)
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Post-breakpoint Trends
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AirCore for Surface to Stratosphere GHG Sampling: CO,, CH,, CO

0= ]
100" fre Southern Great Plains
200'f - | DOE/ARM site
SO0 Pt 1 | 14-15 January 2012
% 500" Aircraft Data Courtesy
$ 600'f of S. Biraud, DOE/LBL
B 700" b i 1 H .
800' | —— Aircore'l’
|| = Aircore'2’
500 e In'Situ'Aircra@|
1000' —t *
384" 388’ 392' 396' 400
CO,,'ppm'

> 70 flights starting in 2012
OCO-2 Science Team

Direct comparison with TCCON & OCO-2 underfli
Improved stratospheric prior

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

New twin AirCore provides paired sampling to ensure repeatabilty

ghts

Analysis of stratospheric Mean Age as a tracer of the Brewer-Dobson circulation
Evaluation of stratospheric simulations in CarbonTracker and other models

Carbon Cycle GreenhouseP@geeSF-8-46 v
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Intensive Field Campaigns &
Capacity Building

NOAA/ESRL Global Monitoring Division w
Laboratory Review, May 21-24, 2018 Carbon Cycle Greenhouse Gases

GMD Participation in Intensive Measurement Campaigns Leverages and
Complements our Monitoring Efforts
S - EARVE

ARCTIC ~ BOREAL VULNERABILITY EXPERIMENT 3§

ECO

East Coast Outflow AR SIS

NASA DC-8

NSF HIAPER GV

NOAA/ESRL Global Monitoring Division Page SUM-1—48‘w'

= B ——

NOAA Twin Otter
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GMD'’s footprint on oil & gas methane research in N. America

Comparisons of Airborne Measurements and Inventory Estimates of
Methane Emissions in the Alberta Upstream Qil and Gas Sector
Matthew R. _]cvlmson,*'é David R Tyner:‘ Stephen Cnnley,i Stefan Schwietzke,

and Daniel Zavala-Araiza'

"Energy & Emissi
Canada, K1S SB6
*Scientific Aviation, Inc,, 3335 Airport Road Suite B, Boulder, Colorado 80301, United States

SCIRES/University of Colorado, NOAA ESRL Global Monitering Division, 325 Broadway R/GMD 1, Boulder, Colorado

Research Lab

v, D of Mechanical and A B

F P gin

ing, Carleton University, Ottawa, ON

VEnvironmental Defense Fund, 301 Congress Avenue Suite 1300, Austin, Texas 78701, United States

80305-3337, United States

Methane emissions estimate from airborne measurements over
a western United States natural gas field

ef&ruvaKarjun."2 Colm Swaenﬂ,‘z(}abrielle Pétron,'? Gregory Fmsl.'z R. Michael Hardmty,‘ 2
Jonathan Kofler, * Ben R. Miller,™ Tim Ncwbeger 12 Sonja Wolter,* Robert Bama,2

‘Alan Brewer,” Ed Dlugokencky,’ Patricia Lang,” Stephen A. Montzka, Russell Schnell 2
Pieter Tans,” Michael Trainer,” Robert Zamora,” and Stephen Conl

/

Hydrocarbon emissions characterization in the Colorado
Front Range: A pilot study

Gabriclle Pétron,? Gregory Frost," Benjamin R. Miller,"* Adam L Hirsch,'”

Stephen A. Montzka,” Anna Karion, "* Michael Trainer,? Colm Sweeney,

Arlyn E. Andrews,” Lloyd Miller,” Jonathan Kofler,"* Amnon Bar-Tlan,”

Fd J. Dlugokencky,? Laura Patrick,'? Charles T. Moore Jr.,® Thomas B. Ryrer‘:nn,2
Carolina Siso,"* William Kolodzey,” Patricia M. Lang_,2 Thomas Conway,” Paul Novelli,”
K Masaric,? B Hall,> Douglas Guenther, D Kitzis, " John Miller,
David Welsh,” Dan Wolfe,” William Neff,” and Pieter Tans’

Airborne Quantification of Methane Emissions over the Four Corners
Region

U.S. CH4 emissions from oil and gas production:
Have recent large increases been detected?

L. M. Bruhwiler’ (7}, S. Basu?, P. Bergamaschi®, P. Bousquet® (), E, Dlugokencky' ",
5. Houweling™® (1), M. Ishizawa” (7 H.S. Kim’, R. Locatelli* (, S. Maksyutov” ., §, Montzka' s

S. Pandey™*, P. K. Patra®, G. Petron’ [, M. Saunois® (), C. Sweeney” (), 5. Schwietzke®
P.Tans' (", and E, C. Weatherhead®

Quantifying methane emissions from natural gas production in
north-eastern Pennsylvania

Zachary R. Barkley', Thomas Luuvaux!, Kenneth J. Davis', Aijun Deng', Natasha L. Miles', Scott J. Richardson',
Yanni Cao?, Colm S S, ', MacKenzle Smith?, Eric A. Kort®, St S 5

Thomas Murphy”, Guide Cervone”, Douglas Martins’, and Joannes D. Maasakkers'®

!Department of Meteorology, The Pennsylvania State University, University Park, PA 16802, USA

3 Geography, The ylvani University, University Park, PA 16802, USA

INOAA/Earth Systems Research Laboratory, University of Colorado, Boulder, CO, 80305, USA

“National Institute of Standards and Technology, Gaithersburg, MD 20899, USA

SDcpanment of Climate and Space Sciences and Engincering, University of Michigan, Ann Arbor, M, 48109, USA
“Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, Colorado, USA
TMarcellus Center for Outreach and Rescarch, The Pennsy State University, University Park, PA 16802, USA
*Depa Geography, The University, University Park, PA 16802, USA

PFLIR Systems, West Lafayetic, IN 47506, USA
1School of Engineering and Applied Sciences, Harvard University, Pierce Hall, 29 Oxford Street, Cambridge,
Massachuseits 02138, USA

/

Improved Mechanistic Understanding of Natural Gas Methane
Emissions from Spatially Resolved Aircraft Measurements
Stefan Schwietzke,* " Gabrielle Pétron,"* Stephen Conley,*'® Cody Pickering,"

Tngrid Mielke-Maday,”* Edward J. Dlugokencky,” Pieter P. Tans,” Tim Vaughn,  Clay Bell,"

Danie] Zimmerle, ™ . Clark W. King,” Allen B. White," Timothy Coleman, "

Laura Bianco, * and Russell C. Schnell®

'L‘mp«nnv: Institute for Research in Environmental Sciences, University of Colorado, 216 UCB, Boulder, Colorado 80309, United
States

*NOAA Earth System Research Laboratory, 325 Broadway, Boulder, Colorado 80303, United States

*Scientific Aviation, Inc., 3338 Airport Road Suite B, Boulder, Colorado 80301, United States

"Department of Land, Air, and Water Resources, University of California, One Shields Avenue, Davis, California 95616, United States
“Department of Mechanical Engineering, Colorado State University, 400 Isotope Dr, Fort Collins, Colorado 80521, United States

Mackenzie L. Smith,” Alexander Gvakharia, @ Eric A. Kort,*' E;izl[n_S!"\_fg'J;m'.y..1"E Stephen A. Conley, '™
Ian Faloona, ™ Tim Newberger"* Russell Schnell,* Stefan Schwietzke,"” and Sonja Wolter*

“Climate and Space Sciences and Engineering, University of Michigan, Ann Arbor, Michigan 48109, United States
*Cooperative Institute for Research in Environmental Sciences, University of Colorade, Boulder, Colorado 80309, United States
SNOAA Earth System Research Laboratory, Boulder, Colorado 80305, United States

IS cientific Aviation, Baulder, Colorada 80301, United States

4 Department of Land, A, & Water Resources, University of California Davis, Davis, California 95616, United States

Aircraft-Based Estimate of Total Methane Emissions from the Barnett
Shale Region

Anna Karion, *F Colm Sweene: ,f’t Eric A l(orl,45 Paul B. She son,” Alan Brt:w&r,t Maria Camba].iu,"‘A
Stephen A. Conley,™ Ken Davis,” Aijun Deng,# Mike Hardesty, * Seott C. Herndon,© Thomas Lauvauy,
Tegan Lavaie,AH David Lyon,
Sonja ‘Noltert"t Tara L. Yacovitch,” and Pieter Tans

© Tim Newberger, 4 Gabrielle Pétron,"* Chris Rella,® Mackenzie Smith,*

Laboratory Review, May 21-24, 2018

Carbon Cycle Greenhouse Gases

Brazilian Replica of the NOAA Flask Analysis Lab:

Lab. de Quimica Atmosférica CQMA/IPEN
Réplica do Laboratério da NOAA/ESRL/GMD

(National Oceanic Atmospheric Administration / Earth System
Research Laboratory / Global Monitoring Division)

Luciana V. Gatti, Andrew Crotwell, Kirk Thoning, Ed Dlugokencky, John B. Miller , and many others

NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24, 2018
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doi: 10,1038/ naturel2957

Drought sensitivity of Amazonian carbon balance
revealed by atmospheric measurements

L.V. Gatti'*, M. Gloor™, I B. Miller™**, C. E. Doughty®, Y. Malhi®, L. G. Domingues', L. §. Basso', A. Martinewski', C. §. C. Correia’,

V.F. Eurges‘. S. Freitas”, R. Braz®, L. O. Anderson™’, H. Rocha®, =~ ~
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10+ year collaboration has
enabled creation of aircraft
network and new insights into
Amazonian fluxes.
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NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24, 2018

Surface sensitivity (p.p.m. umel™ m? s)

Carbon Cycle Greenhouse Gases v

Looking forward

NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24, 2018
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1) Develop Partnerships and Links with Regional Networks o

Regional networks

§

Current Tall Towers
Current Aircraft
Future Tower & Aircraft

* Obtaining tower leases through the federal government is cost prohibitive and slow.
Better to work with partners whenever possible.

* Opportunities exist to strengthen ties with regional monitoring efforts already
underway: California Air Resources Board, Earth Networks, Baltimore/DC, Oregon
State University, Penn State University

NOAA/ESRL Global Monitoring Division @
Laboratory Review, May 21-24, 2018 Carbon Cycle Greenhouse Gases

2) Increase radiocarbon sampling to constrain estimates of fossil fuel
CO, emissions

Separation of biospheric and fossil fuel fluxes of CO; by A g i!f)‘*‘f?ﬂ-u;‘w —
atmospheric inversion of CO; and 40, measurements: AP R g
Observation System Simulations

-Z‘.!-‘: i

Sourish Basu!Z, John Bharat Miller! 2, and Scott Lehman®

LGlobal Monitoring Division, NOAA Earth System Research Laboratory, Boulder CO, USA
2Cooperative Institute for Research in Environmental Science, University of Colorado, Boulder CO, USA

nstitte for Arctic and Alpme Research, Umversity of Colorado Boulder, Boulder CO, USA e v"E:HImNG GREE"HO“SE
EMISSIONS =

Atmos. Chem. Phys.. 16, 5665-5683, 2016 GAS ss o s

www atmos-chem-phys net/16/5663/2016/

do1:10.5194/acp-16-5665-2016 : METHODS

© Author(s) 2016. CC Attribution 3.0 License. ‘ TO SUPPORT

INTERNATIONAL
CLIMATE
AGREEMENTS

GMAC Presentations by Sourish Basu

NOAA/ESRL Global Monitoring Division @
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3) Commercial Aircraft Measurements of CO,, CH, and H,0 *

Japanese and European programs already exist for a limited number

of long-haul aircraft (5 CONTRAIL and 10 IAGOS aircraft):
1 A 23 IAGOS
CO,/CH,/H,0 Analyzer:

The US National Weather Service has a regional commercial
aircraft program to measure water vapor:

These systems use 10-20 year old
technology. A next-generation
commercial aircraft greenhouse gas
analyzer would provide reliable
measurements in a lightweight and
compact package for deployment on
regional jets.

137 aircraft

I R
{

NOAA/ESRL Global Monitoring Division >1000 profiles per day
LS

Laboratory Review, May 21-24, 2018 Carbon Cycle Greenhouse Gases V
£

*Route maps shown are examples only to illustrate what type of coverage
is possible. The airlines have not been contacted with regard to this project. | he |

Science Priorities
Vulnerable Carbon Reservoirs B - (s

* Arctic: Track Emissions from Permafrost Release EOEINE A S

* Amazon: Monitor Uptake from Tropical Forests e N ._;-"

Carbon Accounting for Decision Support . /

* CONUS

Estimated Cost: < S10M per year

5 year goal: Implementation on 10 aircraft covering CONUS and Alaska
10 year goal: Establish international partnerships to extend coverage over Arctic and Amazon.

NOAA/ESRL Global Monitoring Division @
Laboratory Review, May 21-24, 2018 Carbon Cycle Greenhouse Gases




GMD’s Role in an Integrated Multi-platform Greenhouse Gas Observing System 93

PRESENT

NEAR FUTURE

(CONTRAIL=: | s

Global Greenhouse Gas
Reference Network

NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24, 2018 Carbon Cycle Greenhouse Gases

Take Home Messages

*  We are creating an unassailable and well-documented record of greenhouse gases.

*  We try to help society deal with the climate problem:
— Create a quantitative record of climate forcing.

— Quantify and diagnose the response of the natural carbon cycle and greenhouse gas budgets to
climate change.

— Evaluate potential “surprises” and give early warning if warranted.
— Support mitigation by providing objective and transparent verification of emissions.

e Close relationships between measurers and modelers have kept us at the forefront of carbon
science and are crucial to continued success.

*  NOAA anchors the global and US atmospheric carbon observing network. We established
multiple comparisons with Environment Canada, Earth Networks and university researchers. We
rely on partnerships with other labs and institutions.

*  We have just begun to reap the scientific rewards of our investment in North American
monitoring — multiple-species analysis will provide critical process constraints and enable
improved source attribution.

NOAA/ESRL Global Monitoring Division @
Laboratory Review, May 21-24, 2018 Carbon Cycle Greenhouse Gases
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Monitoring and Understanding Trends in Surface Radiation, Clouds, and Aerosols

Radiative Forcing

. Renewable Energy
Support

Climate Sensitivity

Climate Intervention

: (A
3% :

Sg’lre
6@‘ FD,,_
. 2 »
! r{n}\ S ._ i
£ g; ?‘ Air Quality . = Arctic Processes i"m
. i::l? -Ih jr x

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

Surface Radiation, Clouds and Aerosols V

Monitoring and Understanding Trends in Surface Radiation, Clouds, and Aerosols

/

Aerosol Feedbacks \
Cloud Feedbacks _-\ Y
Other Feedbacks _\\ \ \

Additional state
variables
* Moisture and Winds
* Temperature Profile
* Hegional Variability
= Biosphere

Clouds and
Precipitation

Aerosol-Cloud
Interactions (aci)

=== Adjustments ==

o
-
e eerneannnnnt®

Aerosol-Radiation
Interactions (ari)
Aerosols

' Effective Radiative
Anthropogenic
Sources

Forcing (ERF) and '
Feedbacks
Greenhouse
Gases

Temperature

Radiative Forcing

NOAA/ESRL Global Monitoring Division

Laboratory Review, May 21-24, 2018
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Monitoring and Understanding Trends in Surface Radiation, Clouds, and Aerosols

Radiative Forcing

0000 Tracking Greenhouse |
Gases and Undnrstandlnq
Carbon Cycle Feedbacks‘

imate Sensitivity
00060
a‘d{j
g2

Air Quality

monitoring changes process understanding

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

Gulding Recovery of
Stratospheric Ozone

swable Energy
Support

s,
oy
[
I,
O,
7 a5

Arctic Processes

model development satellite evaluation

Surface Radiation, Clouds and Aerosols u

GMD Measurement Networks for Radiation, Clouds, and Aerosols

Sheridan — P-53 ‘

The NOAA Federated Aerosol Network

‘A collaborative effort that benefits all parties’

Collaboration

Former Site (short-term)
Former Site (long-term)
Potential Future Site

NOAA/ESRL Global Mor
Laboratory Review, Ma

oring Division
21-24,2018

Hall, B. — overview
Hall, E. — P-40

Global Surface Radiation Networks
Global,

SURFRAD

WMO,Regional,
Radiation,Center,
for
Solar,Calibrations

Central UV,
Calibration,Facility

uv,
Antarctica

Surface Radiation, Clouds and Aerosols 4 u
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GMD Measurement Networks for Radiation, Clouds, and Aerosols
Broadband Shortwave and Longwave Radiation Networks

Global,
S regionally representative
GMD ; .
Observatories |

Continental U.S.,
regionally representative

Properties — Measured and Derived:

Surface Radiation Budget - components
Sky Cover/Cloud Fraction

Cloud Optical Depth (overcast)

Cloud Radiative Effect

Aerosol Optical Depth (AOD) - spectral
Surface Albedo - spectral
UV-B

PAR

Vegetation Indices

-

Upwelling
infrared

:

Continental U.S.,
urban environment

monitoring changes process understanding

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

Surface Radiation, Clouds and Aerosols

&

WCRP Baseline Surface Radiation Network (BSRN)

Running, planned, and closed BSRN Stations, February 2017

-160" -120° -80° -40° Q 40° 80" 1200 160"
w0 " . o 12 stations of 59 directly
e &) ™ [ operated by NOAA ESRL
60° = = 60° .
B Laof 45, GMD, the largest single
o ! la’ 3 .05 W contributing organization
R i -
20 —x 20°
) : . Support measurements at
i A & an additional 9 sites
—20° — * [ - = 20
*
4 40 GMD is associated with
. o 21 of the 59 sites that
_ % & z have contributed to the
Rl | [ (™) [ BSRN Archive (35%)
160" 120 80" Ay el 407 80" 120 160°
Stations Ohmura et al. 1998 BAMS
# Running
“ Inactive > ALFRED-WEGENER-INSTITUT
R Q@ NV ez

monitoring changes process understanding

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

satellite evaluation

Surface Radiation, Clouds and Aerosols
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NOAA/ESRL Global Monitoring Division

WCRP Baseline Surface Radiation Network (BSRN)

| Long — Session 3

Global All- and Clear-sky Estimates using Observations and Models

Clear sky

incoming

thermal autgaing
solar TOA TOA

alffige pheric
Window

o
iatent haat =

thermal
down surface

thermal
up:surface

evape-  sensible
ration heat

New estimates for global mean radiation
budget without cloud effects

Wild et al. submitted

monitoring changes process understanding

Laboratory Review, May 21-24, 2018

incoming
solar TOA

latent heat

thermal
up surface

sansible

Combined with all sky budgets provides
estimation of global mean surface,
atmosphere, and TOA cloud radiative effects

Wild et al. 2015 Clim. Dyn.

Surface Radiation, Clouds and Aerosols 7 v
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U.S. annual net surface radiation anomaly (W m?)

A5
1995

NOAA/ESRL Global Monitoring Division

| Augustine — Session 3

Surface Radiation Variability over the U.S.

12.9 W m??

L 1 L |
2000 2005 2010 2015

updated from Augustine and Dutton 2013 JGR

monitoring changes process understanding

Laboratory Review, May 21-24, 2018

2020

US Sites Seasonal ADD vs Clear-sky SWdn Anomalies
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| Augustine — Session 3

Surface Radiation Variability over the U.S.
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NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24, 2018
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updated from Augustine and Dutton 2013 JGR

satellite evaluation

Surface Radiation, Clouds and Aerosols

&

Persistent Model Biases — Relationships to Surface Radiation Budget

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

monitoring changes

CAMS

process understanding

model development
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Persistent Model Biases — Relationships to Surface Radiation Budget
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Ma et al. 2018, JGR
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SURFRAD Observations in Numerical Weather Prediction Model Development

NOAA NWP Rapid Refresh Model (RAP) — SURFRAD comparisons

NOAA operational
weather forecast ~™——w_

-
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SURFRAD Observations in Numerical Weather Prediction Model Development

NOAA NWP Rapid Refresh Model (RAP) — SURFRAD comparisons

large
sensible heat

more
warm/dry fluxes turbulent
land surface mixing

excessive

deeper/
SW-down

drier PBL

reduction of
low-level clouds

NOAA/ESRL Global Monitoring Division

\\\\\\\\\\\\\\\\\ w, May 21-24, 2018 Surface Radiation, Clouds and Aerosols 13 v

SURFRAD Observations in Numerical Weather Prediction Model Development

’ Benjamin — Session 7 ‘

NOAA NWP Rapid Refresh Model (RAP) — SURFRAD comparisons

™ h\ /ﬂ\ d | n | rlA/operational
Ew \ M “ h ” f A ’T improved
o W A AR AN R A e
LN TRAOR
§ Q_ﬂgg{ \r V :u \w %J( \\U \?‘/A\MDV L%%:\;e ~70% reduction in bias

14 15 16 17 18 19 20 21 22 23
2014-08

model development @
AAAAAAAAAAAAAAAAA nitoring Division
\\\\\\\\\\\\\\\\\ w, May 21-24, 2018 Surface Radiation, Clouds and Aerosols 14
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Atmospheric Science for Renewable Energy

| Lantz — Session 7

ARTICLES

PUBLISHED ONLINE: 25 JANUARY 2016 | DO

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

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

¢ Cloud cover —amount, nature, timing

¢ Land surface cover — albedo

¢ 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

245
(%)

monitoring changes process understanding model development w
NOAA/ESRL Global Monitoring Division
Surface Radiation, Clouds and Aerosols 15

Laboratory Review, May 21-24, 2018

NOAA GOES-R Cal/Val: Red Lake, AZ

;GOES-16 Data Products for Validation:

¢ 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)

satellite evaluation @

monitoring changes process understanding

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

NOAA/ESRL Global Monitoring Division
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Operational Satellite Product Evaluation

Long — Session 3

Global Operational Satellite
Products:

 GEWEX Surface Radiation
Budget (SRB) Product

» Geostationary Surface and
Insolation Product (GSIP)

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

Bondville, IL
2016-11-30 GENHEM DSR P
GSIP Cloud Fraction
600+ —— Ground (1min)
o GsIP (s0km) 08
o
8
- i
062
E 400} -
< 3
> s
2 0,42
%3]
2001 [&]
0.2
loo
T EE
_55_ """""""""" E : <0
'Y 3
e 3
o 3
£ - 3
O _100E 3
0 4 8 12 16 20 24
UTC (h)
18 22 10 14 18

6
Local Standard Time (h)

‘ satellite evaluation

Surface Radiation, Clouds and Aerosols 17 v

Augustine — Session 3
Pagowski — P-7

Trends in Aerosol over the U.S.

Aerosol optical depth over the U.S.

0.18

o
=
o

o
[
B

SURFRAD Network
| average (7 sites) of
500 nm AOD

Network Annual Average 500 nm AQD
) 2
| Y]

o
[=]
@

0.06 -

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Clean Air Act of 1990 and

E B

3888

Scattering Coefficient, 550 nm (Mm)
8 8 8 8

1995 2000

monitoring changes
NOAA/ESRL Global Monitoring Division

Laboratory Review, May 21-24, 2018

Haller — Session 3
Sherman — Session 7

other regulatory efforts Surface dry aerosol scattering

Trends in Aerosol Light Scattering Coefficient at Three US Sites

Bondville, IL June 1996 - D ber 2017 (-1.9%/year)
——Lamont, 0K July 1596 - September 2007 (-1.9%year)
Boone, NC June 2008 - Decermber 2017 (-4.2% year)

2005 2010 2015 2020

Surface Radiation, Clouds and Aerosols 18 v
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Telg — Session 7

Trends in Aerosol over the U.S.

mostly
anthropogenic

[=-3
o

M D, <1 pum, fine mode

(=]
o

M D, > 1 pum, coarse mode

light scattering Mm""
8 8

o

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
\ mostly

natural

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

process understanding @
Surface Radiation, Clouds and Aerosols 19 v

NOAA Federated Aerosol Network Observations
in AEROCOM Experiments

Andrews — Session 7
Pagowski — P-7
O - & B
& m &S 14 global climate models
ﬁ /\<><>ng [ ﬁ\ A of — in situ observations at
. - A \ZAN/y surface:
<& o « model median values
< * models underestimate
' A Polar A observed SSA
[ cosstal ] 0 * models simulate
/\ Mountain darker aerosol than
<> Continental [l observed

Percent difference SSA, 100* (model-insitu)/insitu
|

HEN— e |
-60.0 300 -200 -100 590 0.0 50 100 200 300 600

model development @
NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24, 2018 Surface Radiation, Clouds and Aerosols 20
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Mauna Loa Transmission and the Stratospheric Aerosol Record

Mauna Loa Solar Transmission

0.98

c lesser'eruptions

2 0.94

0

@ W

E 0.90

o

[

€ 0.86 Agung ‘\

5 .

g 0.82 Pinatubo
0.78|_El'Chichon | | e

1960 1970 1980 1990 2000 2010 2020
Year
Barnes — P-43
Keen — P-41

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

monitoring changes process understanding

Mauna Loa
Observatory Lidar

Climate Intervention:
Solar Radiation Management

Hughhunt

DRIVERS AND ENVIRONMENTAL
RESPONSES TO THE CHANGING
ANNUAL SNOW CYCLE OF
NORTHERN ALASKA

Craestorner | Cox, Roeerr 5, Stong, Davio C, Douaias, Diane M, Stanimski, Geonse . Divoxy,
Geosr 5. Dutton, Cowm Sweeney, |. Crac George, aND Davio U, LONGENECKER

Surface Reflectance

Melt 5 days late

Cox — Session 3
Morris — Session 3

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

monitoring changes process understanding

Day of Year

09
08
07
06 | SoowCoversd | | MR e
0s
0.4
03fp ——GDMan  F 51| B | s
02
|
0.1 f
|
ol il
ﬂl\?s p 150 175 00 22 75 __.—'il(l
" e
- Day of Year
210 71 T T T
200 |
190
180 |
170
160 | \
150 | SKICE @6, peoon] |
| 508_vEG(0.52, p0.01]
| FIRST_EGG [0.77, p<0.001]
140 - CEMELT|0.19, p=027] |
1 XuP_rFLOW[0.62. p<0.001]
130 - OLK_MELT BAW_MELT trend: -2.86 d/dec (1,58
| B T T T T

1970 1975 1980 1985 1980 1985 2000 2005 2010 2015 2020

YEAR

Surface Radiation, Clouds and Aerosols 22 v
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NOAA Antarctic UV

Monitoring Network N
- South Pole, Antarctica (80" S)

Spectral Ultra-violet (UV) Networks

NEUBrew
NOAA Environmental Ultraviolet-
ozone Brewer Network

Disterhoft — P-49
Montzka — Theme 3

Palmer Station, Antarctica (65° S, 64° W)

45
S a0t
=35
5 3.0
E25
Eaof {
x o o
2 :; I Arrival Heights, Antarctica (78" S, 167° E)
=2 8
B 05 ag 7t
0o ] o
Sep Oet MNow £ sh
Month 3 |
S«NPP OMPS TOTAL OZONE E
Southern Hemisphere Z 4+
o E
=3
L)
=qt
=0 LT
8 0 Bt
Sep Cet Mov ,f 12F
Month 20t
5,
2 8t
. ® 6+
McKenzie — P-48 2.,
Shiobara — P-44 § ok
0

——— o —
e e e

monitoring changes process understanding

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

Sep

ot Now  De  dn
Morth

Surface Radiation, Clouds and Aerosols 23 v

Looking Forward

New Instrumentation for Cloud Properties at SURFRAD Sites

Measurements and Data Products

* Surface Radiation Budget — all components
¢ Sky cover/cloud fraction

¢ Cloud optical depth (overcast)

¢ Aerosol Optical Depth (AOD)

e Surface in situ aerosol optical properties
¢ Spectral Surface Albedo

e UV-B

e PAR

¢ Vegetation Indices (NDVI, GVF)

e Spectral UV irradiance, Ozone, UV Index
¢ Cloud Height, Cloud Layers (overlap)

e Boundary (mixing) Layer Height

¢ Cloud optical depth (broken cloud)

e Cloud liquid water path (derived)

scattering Albedo, Asymmetry Parameter

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

¢ Cloud microphysics — effective radius, drop size, phase
¢ Ambient Column Aerosol Size Distribution, Single

e Spectral AOD — UV to NIR (aerosol type/composition)

Surface Radiation, Clouds and Aerosols 24 v
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An Expanded Aerosol Optical Depth Monitoring Network

@ NEUBrew - UV

@ SURFRAD - expanded VIS/IR
@ SOLRAD - VIS/IR

Looking Forward

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
depth product from Brewer spectrophotometers in
the NEUBrew Networlk for information on aerosol
composition and its radiative impacts

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

Surface Radiation, Clouds and Aerosols 25 v

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

Looking Forward

A NOAA Surface Energy Budget Network
for Improving Weather and Climate Predictability

existing radiation measurements

Ecoregions of the United States
' Provinces

) T | llr-.u,__'
=X - "(

O existing heat flux measurements

O proposed new sites

Boundaries: —— Domain —— Division —— Provinee

Surface Radiation, Clouds and Aerosols 26 v
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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
b 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

PG At 6o AliEuEiEn 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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Guiding Recovery of Stratospheric Ozone
RadiativeForcing 48 @

% 7 -.".;-'f Renewable Energy
CURE 2. . R Support
‘lrt- w i Monitering and Pr
Gases 8l ?'s’tluﬂl'ﬂgl. erstanding Trends in
| Carbe I'i'*Cl. rﬁeFainiadm W-- ice Radiation, Clouds, and
b "'? -t T —— Aerosols
E = : s ¢ ran et

5 \
é_a‘é Guiding Recc\ei_gry of

6@(‘ | Stratospheric O{one

Climate Sensitivity ) Climate Intervention

Op
Sey.
va(%_
8

Air Quality Arctic Processes

NOAA/ESRL Global Monitoring Division w
Laboratory Review, May 21-24, 2018 Guiding Ozone Layer Recovery

Guiding Recovery of Stratospheric Ozone at GMD

GMD plays a central role in the global effort to monitor
stratospheric ozone, ozone-depleting gases, and other
processes affecting stratospheric ozone

Our focus:

— global-to-regional scale observations to assess global changes
and influences from specific processes and regions (e.g., U.S.)

— Diagnosing observed changes to clarify the relative influence of
policy decisions, other human behaviors, and natural processes

— To provide the highest-quality, policy-relevant science
- Guiding the recovery of the ozone layer by informing Parties to
the Montreal Protocol on the progress of recovery

NOAA/ESRL Global Monitoring Division ﬁ
2

Laboratory Review, May 21-24, 2018 Guiding Ozone Layer Recovery
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SPO ozone, GMD Dobson

400

350 -

300 -

250 +

200 -

150 |

Ozone Total Column (DU)

100 |

50

January

late October

1960

1970 1980 1990 2000 2010 2020

SPO ozonesonde record

200 |

150 |

Ozone Total Column (DU)
g

100 |

50 Lo

b late

January

September

1960

NOAA,

Laboratory Review, May 2

1970 1980 1990 2000 2010 2020

24,2018

Stratospheric ozone depletion
= a threat to life on Earth.

1950s: - NOAA begins measuring total column ozone

1970s: - Theory suggesting CFCs will deplete ozone
- NOAA and NASA begin measuring CFCs

1980s: - Severe ozone depletion reported in Antarctica
- Montreal Protocol controls CFC production
- Antarctic ozone hole attributed to CFCs and other chemicals

1990s: - US Clean Air Act Amended:
NOAA and NASA
to monitor:
tropospheric chlorine & bromine, & stratospheric ozone
depletion
to project:
peak chlorine
the rate of chlorine decline after 2000
the date when chlorine returns to two ppb

*1996: tropospheric chlorine peaks (NOAA-GMD publication)
* 2003: tropospheric bromine peaks (NOAA-GMD publication)

Guiding Ozone Layer Recovery

Guiding Recovery of Stratospheric Ozone at GMD

A) Measuring chemicals that cause stratospheric ozone depletion

-> One of two global networks tracking long-term changes in ozone-depleting gases

B) Measuring long-term changes in stratospheric ozone

-> Providing reference-quality long-term measurements of stratospheric ozone

C) Advancing scientific understanding

- Understanding causes of atmospheric composition change

and improving our understanding of atmospheric processes

D) Communicating results to a broader audience (stakeholders)

- through simple indices, web presence, open data policies, publications,

and by contributing to national and international Scientific Assessments

Guiding Ozone Layer Recovery
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A) Measuring chemicals that cause stratospheric ozone depletion

NOAA/ESRL Global Monitoring

Laboratory Review, May 21-24)

* ~ 40 chemicals measured

» Multiple techniques

 Data records up to 40 years long
updated regularly on web

+ CCGG sites

» Addressing global and U.S.-centric issues

weekly
® hourly
Tower CCGG

Aircraft
+ CCGG

er Recovery

A) Measuring chemicals that deplete stratospheric ozone
— Concentrations of ozone-depleting chemicals for which PRODUCTION IS

ppt

In(ppt)

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

NH

)

2005

2010

2015 2020

260 F
CFC-11 200
220 £
200 %
8 o |

160 ;

140 F

120 E
2000

CONTROLLED by the Montreal Protocol

HCFC-22

SH

2005 2010 2015

10

(log scale)

CH,CCl,

ppt

2000

2005

2010

2015 2020

11

2000

2005 2010 2015

Recent related pubs: Montzka et al., 2015; 2018; Rigby et al., 2017

2020

All major ozone-
depleting gases
are measured at
NOAA/GMD.

Emphasis is on
high precision and
accuracy.

—>the better the
measurement, the
more one can
learn...

See talks by S. Montzka,
and by P. Yu

Guiding Ozone Layer Recovery
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NOAA/ESRL Global Monitorir g Di C
Laboratory Review, May 21-24, 2018

A) Measuring chemicals that deplete stratospheric ozone

— Concentrations of halogenated chemicals NOT CONTROLLED by the
Montreal Protocol, but that can influence stratospheric ozone:

80 F 630
: ‘ 610 Shorter-lived gases
592 A also add chlorine
570 B L] .
2 = ss0 B[, and bromine to the
= 550 B
o o £l
s30 [ T atmosphere.
s0 BV
490 F
a0 - having human
450 F and natural sources.
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
18 14 ¢ - changing over
g 12 ‘ SH time?
10 by Mdeob |
5 B 08 AP VTRV Also: N,O, COS
o s o6 |
6 E
E 04
o _ CH,Br,
2 F 0.2 £
0 00 P See poster by G. Dutton
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020

Recent related pubs: Hossaini et al., 2016; 2017

wwwwwww

Guiding Ozone Layer Recovery

NOAA/ESRL Global Monitoring Divisiof

Laboratory Review, May 21-24, 2018

A) Measuring chemicals that deplete stratospheric ozone
— Changes in “controlled” tropospheric chlorine and bromine:

Decline in total Chlorine Decline in total Bromine
38
Science 1996; Nature 1999 GRL 2003
537 F g1 r
Rl 2
=36 =
— . C m
© : o 16
235 F s
2 < 7
o o
= 34 @95 |
2 £
g 33 r +— L
N <
32 IR R S A AU A A B A B A A A A B A 14 PRI B SN S T N R AN S B Y S A N B A B A
1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015

- Sum of all controlled gases measured at GMD
- directly addressing Congressional mandate

-> updated annually on NOAA web page:
ftp://ftp.cmdl.noaa.gov/hats/

Guiding Ozone Layer Recovery
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A) Measuring chemicals that deplete stratospheric ozone

— Distilling GMD measurements of controlled gases into a single index:

The Ozone Depleting Gas Index

Ozone Depleting Gas Index
(ODGI)

NOAA/ESRL Global N
Laboratory Revi

100 F
95 |
90 £
85 F
80 F
75 ¢
70 4
65 |
60 F
55

—eo— Antarctic
—=— Mid-latitude

1990 1995 2000 2005 2010 2015

Annually updated at http://www.esrl.noaa.gov/gmd/aqqi/

In 2017:
eAntarctic ODGI

was 80

*Mid-latitude ODGI

was 56

Guiding Ozone Layer Recovery

Measuring progress in the decline of
ozone-depleting halogen back to 1980
concentrations (pre-ozone hole)

A) Measuring substitute Hydrofluorocarbons

— Concentrations of chemicals for which PRODUCTION IS CONTROLLED by the
Montreal Protocol, but that do NOT deplete ozone

120

2020

10 [ HFC-134a 10| HFC-152a
80 8 I
| 6o f B 6l
Q Q NH
40 | 2 ///\WW\N
20 b SH 2 SH
] ' ' ' 0 ' ' '
2000 2005 2010 2015 2020 2000 2005 2010 2015
1.2 16
o | HFC-365mfc 14 | HFC-227ea
1.2
08
NH 10 F
= bt NH
& 06 [ / &0.8
06 SH

04

02

02 F

0.0
2000

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

2005

2010

. 0.0
2015 2020 2000

2005

2010 2015

2020

Recently added to the
Montreal Protocol list of
controlled substances.

These results enable a
tracking of radiative
forcing from ODS
substitution.

Most substitute HFCs

are measured at
NOAA/GMD.

Guiding Ozone Layer Recovery
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B) Measuring long-term changes in stratospheric ozone

-> Providing reference-quality long-term measurements of stratospheric ozone

Using a range of techniques to obtain:

Ozone total column density:
Dobson
Brewer

Ozone concentration vertical profile :
Ozone Sondes (highest vertical resolution)
Umkehr

Ozone concentrations near Earths surface

To allow an understanding of ozone concentration changes:
over time
developing and applying statistical models to provide trend estimates
as a function of altitude
stratospheric changes (upper vs lower stratosphere)
tropospheric changes (pollution-related or transported from stratosphere)
as a function of latitude
future ozone changes are expected to be latitude-dependent
aerosol, GHGs, circulation...

Guiding Ozone Layer Recovery

B) Measuring long-term changes in stratospheric ozone

Ozonesonde and Dobson Networks NOAA-GMD Dobson ozone program:
.QO e » O e <3 o - Forms a global backbone of robust,
4 ® ' ; d'ﬁ"aa i : calibrated total column ozone data
®0 95- g Ay a8 - Provides an essential reference for other
= . ) A ozone measurements (satellites, other
& i RN Lar ) ts (satellites, oth
L) ' e Dobsons, etc.) through calibration transfers
* bl . * X ety - Maintains the WMO reference Dobson
b d : .
Q! : & ) instrument (#D083
) S R (#D083)
Q NOAA - GMD Dobson Sites i A O '
£ WO Dobson Stes w NOAA-GMD ozone sonde program:
@ NOAA - GMD Ozonesondes Y @ . . .
Q Recently Discontinued /Tramsferred] | Ry = a - adds high vertical resolution (data were
F SHAROZ Independent Sites .
A 4 recently homogenized)
e ) A - Strengthens and augments the SHADOZ

program for tropical ozone data

Recent Dobson- and sonde-related pubs: Petropavlovskikh et al. (2015), Nair et al., 2015; Evans et al., 2016, Thompson et al., 2017, Sterling et al, (2018)

NOAA,
Laboratory Review, May

ESRL Global Monitoring Divisior

24,2018 Guiding Ozone Layer Recovery
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NOAA/I
Laborat
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B) Measuring long-term changes in stratospheric ozone
—To allow an understanding of ozone column changes by latitude (ODS+GHG+transport)

South Pole Dobson De-Seasonalized Total Ozone Record

SPO

MLO

All data

Sept-Oct
only

Trend [percent/decade]

SPO PTH MLO FBK+BRW
LDR  sMO USA+OHP
4 —
1998-2016

Nh — £ i{ _______________________
5o {
Pl

1979-1997
..6 -
Sl

0 o 50
Latitude

See posters by G. McConville, K. Miyagawa

-

Guiding Ozone Layer Recovery

B) Measuring long-term changes in stratospheric ozone
- To allow an understanding of ozone column changes by altitude (ODS+GHG+transport)

Boulder Umkehr, 40 km

1985 1989 1993 1997  F001 2005 FO09  FO13 2017

Boulder
ozonesonde, 5 km

1985 1983 1993 1997 001 2005 009 3013 FO17

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

pressure (hPa)

359N - 60°N

Boulder Dobson De-Seasonalized Total Ozone Record

Boulder total

() apronje
% deviaton from pre-1979 Average
)

aaaanannsnnanyl

orone trend pre - 1987 (%fdec)

o 5 10
ozone trend 2000-2016 (%/dec)

LOTUS 2018 and Ozone

Assessment 2018 used
GMD data and developed
statistical models to derive
trends in ozone profiles
and total column.

2010 2015

Guiding Ozone Layer Recovery
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B) Measuring long-term changes in stratospheric ozone

— To allow an understanding of ozone column changes by altitude (ODS+GHG+transport)

Is ozone in lower stratosphere still decreasing? Ball et al (2018) analyses are based on satellite records

0% 1, Sonde - SBUV 20°S-20° N

30% YeuEe td 25.45 - 16.06 hPa \ 40 (#) Boulder
20% - = =

10% P o

0% : ‘ E‘

-10% ‘?:

-20% k 20 (b) Hio
30%

40% . L " " "
" 1982 1987 1992 1996 2002 2007 2012 2017 1982 1987 1992 1996 2002 2007 2012 2017

(w) spmne

Homogenization for GMD (Sterling et al, 2018) and oFE Ladar
SHADOQOZ (Witte et al, 2017) ozonesonde data -

improved records for future trend analyses

SHADOZ Sites: https:/tropo.gsfc.nasa.gov/shadoz 5 0 5 10 iow 0w 190 1995 -
ok % ey R - ozone trend 2000-2016 (%/dec) -
. d ? ) Trends in the low
N Satellite and CCMI model :
s o - . ( stratosphere will be soon
San Cristobal, Ecuadog, iy Jairobi, Kenya averaged trends (LOTUS, .
o focensignis. X assessed from homogenized
§a0oPago, Am. Samoa \_ Nalal, Brszd P e 2018, Ozone Assessment) . .
rene, South Ay, | || 42 e : - ozone-sonde data in tropics
| 4 \ e N - disagreement between . :
{ . . ; and middle latitudes.
Oral pres-enta-tlon by Wltte mOdeIS and ObservatlonS? Guiding Ozone Layer Recovery

B) Measuring long-term changes in stratospheric ozone

— Ozone, vertical profiles from ozone sondes on balloons

Pre-1971 (pre ozone-hole) Ozone-hole conditions Focus on depleted layer:
35 35 - _— k
South Pole Station 1968-1971 South Pole Station 1991-2015 § 1421 b Layer o
0 —Sep 01 30 —Sep01 228+25DU g o
—5ep 07 —Sep07 204£230DU g wo 1017 September Los i I“"
sep 15 Sep15 172126 DU = September boss fate e
s [ —Sep 22 _» —Sep22 148£39DU g Slope = 3 Dabsen Units / Day e
£ — 0t 05 5 —0ct05 127+23DU ‘E
gt Ba | o LTSI T ? _E 50 0%
s s 8
T | w15 N L .
= K °
£ = May  Jun Jul Aug  Sep Det Nowv  Dec
< 19 = 10
s 5 South Pole Station : Ozone Depletion Rate
L September 14-21 km
0 L L 0 L - =
0 5 10 15 0 > o 13 £
Ozone Partial Pressure (millipascals) Ozone Partial Pressure (millipascals) 2 | \(\/\
27 \\/\*/\f\/\,/\'\f
c
(=
£ .
. g
See talk by B. Johnson, poster by P. Cullis e
5
Recent related pubs: Solomon et al. 2016 — ozone-sonde detected recovery, observed in Septembe 1985 1990 1995 2000 2005 2010 2015 2020

Hofmann(2010)? Recovery after the September depletion rate is less than 2.7 DU/day

NOAA/ESRL Global Monitoring Division ﬁ
Laboratory Review, May 21-24, 2018 Guiding Ozone Layer Recovery 16
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C) Advancing scientific understanding (Q3 & Q4 in New Research Plan)
- Understanding the cause of atmospheric composition changes
—>sources, sinks, and transport
Improving our understanding of trace-gas sources and sinks
Sinks: Measuring the atmospheric oxidation capacity over time
= budget analyses of long-lived gases

The exponential decline in CH;CCl; Inferred [OH] inter-annual changes
40% I I
—_ f : .
100 f T A on [OHe from Science 2000;
E 30% [ s 3
2 o CHs corsn o Science 2011;
g o ) CHy (varying emissions)
%g > 20% Prinn et al. (— — —) PNAS 201 7
=S x Bousquetetal (" )
-% % 10 '_(50 10% F
6 Q =
€ E.
(-?,) © 0%
T >
© T
M3 data o, 0% ¢
1 ...........................
1992 1996 2000 2004 2008 2012 2016 2020 -20%

1985 1990 1995 2000 2005 2010

NOAA/ESRL Global Monitoring

g Division ﬁ
Laboratory Review, May 21-24, 2018 Guiding Ozone Layer Recovery 17 v

C) Advancing scientific understanding (Q3 & Q4 in New Research Plan)
- Understanding the cause of atmospheric composition changes
—>sources, sinks, and transport
Improving our understanding of trace-gas sources and sinks
Sinks: Measuring the atmospheric oxidation capacity over time
= budget analyses of long-lived gases

4 [
. | log transform +
Alternative approaches to CH;CCl;: . .
* Deriving OH loss from consideration of = NH .+
hemispheric mole-fraction differences <% i '
Long-lived gases 1% . 5 i
(Liangetal., 2017) 170 = [+0to4km ® o} 2 r
Short-lived gases 150 - [*4to8km S e
From network and *g iig N 1_—5 1t kinetics-only (OH)
special projects o . % : f (ky/k,) = 1.8
(e.g., Atom) Qo O%Ma o
T 70 - O e
S & og?%og%ﬁ 2.5 35 45 5.5
g <
iz eesne?® In(CH,Cl,)

-90 -60 -30 0 30 60 920
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C) Advancing scientific understanding (Q3 & Q4 in New Research Plan)
- Understanding the cause of atmospheric composition changes

—>sources, sinks, and transport
Improving our understanding of trace-gas sources and sinks
Sources, particularly U.S. contributions, but also on a global scale

Why are CCl, emissions continuing now that CFC production is negligible?

SPARC Report focus in 2016

= What we found:
r US emissions are 10% of global
2
§ total
* associated with chemical industry
'ﬁ T * this process likely accounts for
Ugag:]
much of the remaining global
-130 =120 -110 =100 -80 -80 =70 -60 L.
Longitude (°E) emissions
0 0.005 0.01 0.015 0.02
CCl, Emissions Derived From Atmospheric Observations (Gg/yr per grid cell) (Hu et a[_’ 201 6)

Other similar findings related to CFC-11 will be discussed in meeting

NOAA/ESRL Global w
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C) Advancing scientific understanding (Q3 & Q4 in Research Plan)
- Understanding the cause of atmospheric composition changes

—>sources, sinks, and transport
Improving our understanding of trace-gas sources and sinks

Surface measurements are influenced by variations in sources and sinks:

100
9 |
80 |
70 |
60 |

CFC-11
Emission

Stratosphere

3 3

Southern Northern
Hemisphere Hemisphere
Troposphere Troposphere

1

Emission

50 |
40 [

altitude

30
20 F

Reported
Production

1

10 £

Production or Emission (Gg/yr)

latitude

2005 2010 2015

O £ L L L L L L
1995 2000
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D) Communicating results

* Providing expertise to national and international Assessments
on Ozone and Climate:

— GMD scientists have been lead authors, co-authors, contributing authors,
and contributors to these Assessments

— GMD data are prominent in these Assessments

__—
o WCRPe

"),
Litwims B, Quiioe Gyt

T, Thes Reptacermrs. el Rl Som
L e s L]

2016 2014 2014

Also
*UNEP/WMO, 2018 Scientific Assessment of Ozone Depletion—lead authors
*UNEP/WMO, Twenty questions and answers about the ozone layer, 2015

NOAA/ESRL Global Monitoring Division
Laboratory Review, May 21-24, 2018 Guiding Ozone Layer Recovery

Guiding ozone layer recovery in the future at GMD:

Continue ongoing programs to:

— Monitor effectiveness of the Montreal Protocol for diminishing ozone-depleting gases

— Accurately measure the response of stratospheric ozone to decreasing halogen and
increasing greenhouse gas concentrations

Especially to address newly emerging issues:
— increases in CFC-11, CH,Cl,, & CH;Br; and in future for VSLS-bromine?
— HFCs and Kigali Amendment — locking in climate gains from the Montreal Protocol

— lower stratospheric ozone declines (Ball et al. 2018)? Assess better-positioned GMD
measurements (Unkehr; ozone-sonde)

Add capabilities where possible:

— increased sampling frequency in tropics

— validation of new instruments (i.e. Pandora)

— validation of new operational NOAA satellite products (i.e., IPSS)

Participate in periodic field campaigns to:

— extend an understanding of surface-based results vertically

— improve process-based understanding of the atmosphere

e L — gAUge the atmospheric response to increasing greenhouse gas concentrations

Laboratory Review, May 21-24, 2018 Guiding Ozone Layer Recovery
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Guiding Recovery of Stratospheric Ozone at GMD

GMD plays a central role in the global effort to monitor
stratospheric ozone, ozone-depleting gases, and other
processes affecting stratospheric ozone

Our focus:

— global-to-regional scale observations to assess global changes
and influences from specific processes and regions (e.g., U.S.)

— Diagnosing observed changes to clarify the relative influence of
policy decisions, other human behaviors, and natural processes

— To provide the highest-quality, policy-relevant science

- Guiding the recovery of the ozone layer by informing Parties to
the Montreal Protocol on the progress of recovery

NOAA/ESRL Global Monitoring Division ﬁ
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