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The Challenge of Providing Scientific
Information on Policy-Relevant
Scales

James Butler, Phil DeCola, Oksana Tarasova,
plus a cast of 100’s. ..

29 September 2016

Second ICOS Science Conference
Helsinki, Finland



A few words about temperature
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A greenhouse gas
“refresher and update”
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CO, at Mauna Loa

* August 2016
»402.25 ppm

* August 2015
»398.93 ppm

* A=3.32 ppm

® Quch ...
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The growth rate
increases decadally
» Variability is largely
driven by the Earth
System

The Earth System
continues to capture
~50% of emissions

» Despite the increase
in emissions

» ~ First order uptake
by oceans, perhaps
land

Rate of CO2 Increase

(pph[,n/v)

1.5

0.5

Annual and Decadal Growth Rates

1 Approx. growth rates for first .
two decades computed from
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Well Mixed GHG

Short Lived Gases

Aerosols and Precursors

Others

Radiative Forcing — Why we

have climate change

Components of Radiative Forcing
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Something to think about -- Urgency

“CO, emissions are rising at a rate that could

raise global temperature 2°C above Y o
preindustrial values within about 20 years and 2 CogIObaI ave rage
3°C by midcentury” = 6°C average over

continents. ..
* (For US audience,

-- Jackson et al., 2015

g - that’s ~11°F
Q 40001 3C ¢ B
@,. 35001 20 —2%/yr average OVer
s a000) o og iy continents)
£ 2500, o - o o
;m 2000- - * 3°C gIObaI =~9°C
o 150] ' continental
T 1000 . _ ~q =0
2 ool average (= ~17°F)
O

1060 1980 2000 2020 2040 2060 2080
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Support Development of
Renewable Energy
Options

Inform Climate
Intervention Decisions

\ THE PDVVER DF

Electricity from -\{ EENEWABLE§

Renewable
Resources

CLIMATE
INTERVENTION

Reflecting Sunlight to Cool Earth

Evaluate Success of
Greenhouse Gas
Emissions Reductions

VERIFYING GREENHOUSE
GAS EMISSIONS

METHODS
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The 2015 Paris Agreement

PARIS2015

CONFERENCE DES NATIONS UNIES
SUR LES CHANGEMENTS CLIMATIQUES

COP21-CMP11
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@ UNFCCC Process and GHG Monitoring:

Both evolving from “Top Down” to “Bottom Up”

Then (2009)

B 2

COPENHAGEN

CMP5 ")

COPENHAGEN

Binding Multi-national Treaty Commitments

“we will verify your reported emissions”

A grand top-down GHG Information System

Advocates: Science Community!!!

WMO OMM
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A good start,
but not
enough....



®6 Y)U CAN'T MANAGE
WHAT YOU DON'T MEASURE.

- W. Edward Deming ‘

“to measure is to know - if
you cannot measure it, you

cannot improve it"”
— Lord Kelvin




What do we have in place?

WMO OMM

® Current Observations ® Future Observations
» WMO/GAW > 0CO-2""
0 NOAA > IAGOS
0 1CO5 > C-14 effort over NA
© CMA » Indonesia
O Brazil .
> Earth Networks * Modeling
> Contrail » CarbonTracker
> Fluxnet (e.g., Ameriflux) 0 Us
4
» TCCON > CAMS
> GOSAT (Ibuki) > NAME
> Sciamachy” > Jena

» Others. ..
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An Integrated Global Greenhouse Gas
Information System (IG3IS)

* Goal: Provide society with
information that can aid in
reducing GHG emissions

* Acknowledge that “everyone” is
not on board with GHG emission
reduction policies

°* But many are — industry,
municipalities, states, nations,
regions

°* Most have no clue what they are
doing

* Misinformation is rampant




& Gaps in current observing &

systems

* |Insufficient density of
observations over the L
ground, sea and in the free J] ’

80°N a

atmosphere . - . C

* Insufficient measurements | % et ' ;:E_ . s
of isotopes and co-emitted ™ C ge S e, [0 e
gases for source A T yu -
attribution "1 °o & °® 3, T

* Incompatible observations 40 I g
with different footprints "o .
and different approaches - o ’

* Insufficient complexity and — |
performance Of transport 180°%W 120%V B0y e G60°E 120°E 1807

models on global, regional
,and local scales

Page 20
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@; An Integrated, Global, Greenhouse Gas Information Y%/
e O System (IG3IS)
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5
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\ .a.f-_'/ ® QOver the next few years, governments will likely become

more involved in efforts to limit atmospheric
concentrations of greenhouse gases.

» Changes in emissions will vary by location and type

» Strategies will vary by nation, region, and economic sector

» Many nations are already pursuing such activities and some
are coordinating efforts.

® Any large-scale emission reduction effort requires
independent information to succeed.

A suitable information system would include
» ground-based and space-based observations,
improvements in transport and carbon-cycle modeling,

fossil fuel-use, terrestrial trends, and oceanic processes,

YV V V

information about sources and sinks of greenhouse gases at
sub-continental, policy-relevant scales.



& 1G3IS programmatic evolution within WMO &

WMO/GAW
GGMT
(Jun 2013)

CAS Mgt
(May 2013)

Resolution
Approved by
WMO Congress
(Jun 2015)

WMO Exec
Councill
(Jun 2014)

|G3IS Planning Team
Established and
Concept Paper Drafted
(July 2015 — May 2016)

Near-Term Pilot
Projects and
Implementation
Plans for Each

|G3IS Objective
(2016 — 2017)

Concept Paper
Endorsed by
WMO Executive
Council
(Jun 2016)

UNEP
Collaboration
MOU
(Feb 2016)



* Potential Near Term Achievements
»14C0O, and Attribution
» Methane Emissions
» Urban Emissions
» CFC-Replacements
» Information Portal

* Longer Term Goals
» Expanded Monitoring Networks

» Improved Analyses
»Han’s Uber Satellites . . .

MMMMM



A final thought . . .
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Global CO, Emissions
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ICOS and CCSP

§  Atmospheric
@  Ecosystem
@  Combined Atm + Eco

@ Ocean
A Deean shipping lines




® US Carbon Cycle Science
Program

» Collaboration among 13 US

LR Vs agencies
: ThE.; Nnrth Amerlcan Carbon Prugram » Ocean and North American
, Programs

O Science Advisory Groups
O All scientists meeting

» Distributed Data Sharing
» 3 Science Advisory Groups

ﬁ":x - :
° Integrated Carbon i0s=

Observation System (DS
» Research Infrastructure Integrated Carbon
among 13 EU nations + Observation System
epey o "A -Eur
> Central Facilities vl R
0 Central Data Portal fordqmﬁfc}’mg ar?d
nderstanding t
> National Networks gr:eﬁﬁs gegasgb“’ﬂiw
of the European
. . . continent and adjacent
» Monitoring Assemblies regins”
. . negra Ing atmospheric,
» Science Advisory Board SIS SO S

standardized procedures and
analysis, operational by
2016/17
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Satellites

Earth
Networks
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R 0m 3
g%? monitoring and reporting in 2010:
¥ ospheric “top-down” and inventory “bottom-up” WM& OMM

Can atmospheric measurements and models “verify” inventories?

Expert Meeting on Uncertainty and Validation of
Emission Inventories

s GEO

CARBON STRATEGY

23-25 March 2010
Utrecht, the Netherlands

VERIFYING GREENHOUSE
GAS EMISSIONS

METHODS
TO SUPPORT
INTERNATIONAL
. CLIMATE
AGREEMENTS

Task Force on National Greenhouse Gas Inventories

L]
IDCC .

GROUP ON RGOVERNMENTAL PANEL ON
@ EARTH QBSERVATIONS climate chanee
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Greenhouse gas emissions (GtC0,eq/yr GWP—100 AR4)
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Figure 2

Comparison of global emission levels in 2025 and 2030 resulting from the
implementation of the intended nationally determined contributions and under other
scenarios
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~  IMustrative

© High Cancun pledge scenarios until 2030 with const. policy thereafter (n = 31; Ampere HST P3 in IPCC ARS scenario database) aofy‘ol
Ranges: Min/max of conditional & unconditional INDC ranges, globally aggregated

L MK € Delay-2020 (P2) scenarios with >66% likelihaod of staying below 2°C (n=>6 from IPCC ARS scenario database)

| 80% @ ''mmediate’ onset mitigation (P1) scenarios with >66% likelihood of staying below 2°C (n=14from IPCC ARS scenario database)

L b 66t 9 Delay-2030 (P3) scenarios with >50% likelihood of staying below 2°C (=21 from IPCC ARS scenario database)

R . I;‘;‘:m 3 Reductions below reference scenarios due to INDCs (median)

| : 20% Illustrative difference between INDCs and 2° C mitigation scenarios (P1P2)

L] ©  Delay-2020 (P2) scenarios with >50% likelihaod of staying below 1.5°C by 2100 (megian) (n=> from scientific literature)

0 [ I | I I I I !
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045
Sources: Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report scenario database, 1.5 °C

scenarios from scientific literature (see footnote 19), IPCC historical emission database and intended nationally
determined contribution quantification.

Abbreviations: AR4 = Fourth Assessment Report of the Intergovernmental Panel on Climate Change, GWP =
global warming potential, INDC = intended nationally determined contribution, IPCC AR5 = Fifth Assessment
Report of the Intergovernmental Panel on Climate Change, n = number of scenarios, yr = year.
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Electricity from '\ EENEWABLE§

Renewable
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Evaluate Success of
Greenhouse Gas
Emissions Reductions
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The Tricks of Climate Politicians

AT i

ot 1. The Problem ...

Global preenhouse gas emissions rise
(units are piga tons CO2-equivalent)

3

'.”+36C 195F

S . |

2. Proposed solutions (examples)

- Trend without
Commitments

- . . - -
in compliance with all commitments

i
3.6-

+
PETee-
denario

=i

..the chvergencf.

between claim and reality

204[}

" necessary to Lerp warming
below I degrees Celsins

2100

Germany EU USA Ching Inddia —_—
iyl Ll The commutments are not easity
comparable. For example, the
reduction targets of Germany and
the EU refer to different base
2005 2005 2005 years than the USA. China and
'[ T India have entirely different
I.f' \ ':U -20 approaches: They do not want to
e ?\1 500 b‘f': . cap their absolute emissions, but
' l - 1 1 m.odmt.e thewr merease relative to
2020 2020 2020 2020 2020 economic gromth.

— Today

+3.6

Degrees

In total, the current commitments would lead to a
3.6 degrees Celsius warming in 2100



CLIMATE CHANGE

Carbon Crucible

Melinda Marquis"?* and Pieter Tans?

tmospheric measurements show that
Athe carbon dioxide (CO,) concentra-

tion in the atmosphere is currently
~385 parts per million (ppm) and rising fast.
But this value is a global average that tells
us nothing about the regional distribution
of greenhouse gas emissions. As the world
embraces myriad mitigation strategies, it must
gauge which strategies work and which do
not. Gaining such understanding will require
a greenhouse gas monitoring system with
enough accuracy and precision to quantify
objectively the progress in reducing emis-
sions, including regional efforts like those in
California, New England, and elsewhere.

The current sparse network of observation
sites across North America and elsewhere
allows us to resolve annual continental fluxes
of CO,. But successful mitigation requires
fluxes to be resolved within much smaller
regions—on the order of the size of a
European country such as France or a U.S.
state such as Kansas. Current ground-based
measurement technology can provide the
required precision, but the number of mea-
surements is insufficient. Data are collected
by numerous agencies around the world, yet
an integrated system is needed that uses all
available data and ensures rigorous quality
control for data collection and data analysis.

A powerful way to use all these datais in a
data assimilation system, which combines
diverse (and often sparse or incomplete) data
and models into a unified description of a
physical/biogeochemical system consistent
with observations. Components of such sys-
tems include models of terrestrial photosyn-

Cooperative Institute for Research in Environmental
Sciences, 216 UCB University of Colorado, Boulder, CO
80309-0216, USA. *National Oceanic and Atmospheri
Administration, Earth Systems Research Laboratory, 325
Broadway, Boulder, CO 80305, USA.

*To whom coorespondence should be addressed. E-mail:
melinda.marquis@noaa.gov

The advantages of height. Atmospheric measure-
ments are made on the tall tower (300 m). The tower,
located near Bialystok in eastern Poland, is part of
the CarboEurope tall tower network. Similar net-
works exist in North America and more sparsely in
other parts of the world.

What are the data and modeling requirements
for gauging the success of mitigation strategies
in reducing greenhouse gas emissions?

thesis (removal of CO,, called a sink) and res-
piration (a source ofCOZ), models of ecosys-
tem emissions and uptake of other greenhouse
gases, models of gas exchange between
atmosphere and oceans, and models of gas
emissions from wildfires—all grounded
in observations.

The current grid scale for such assimila-
tion systems—such as CarbonTracker, the
first data assimilation system to provide CO,
flux estimates (1, 2)—is limited to~100 km or
larger, primarily due to computer resource
limitations. Currently sparse atmospheric
greenhouse gas data force us to make the
assumption that source variations are coherent
over very large spatial scales. More observa-
tion sites would make the systems more
strongly data-driven. Data assimilation sys-
tems also need more refined estimates of fos-
sil fuel emissions, and better process under-
standing to provide greater detail in emission
patterns. Lastly, better models of atmospheric
transport will increase the resolution and
decrease biases of the data assimilation sys-
tem. Our ability to distinguish between distant
and nearby sources and sinks is limited by
how accurately transport models reflect
details of the terrain, winds, and atmospheric
mixing near the observation sites.

National emissions inventories (which
are required by the UN. Framework Con-
vention on Climate Change) are key data sets
for assimilation systems. Inventories are
mostly based on economic statistics, which
are used to estimate how much of each
greenhouse gas enters or leaves the atmo-
sphere (3). They are reasonably accurate for
CO2 from fossil fuels (within ~10%) in many
developed countries but less so indeveloping
countries and on regional scales. Inventory
emission estimates are much less reliable for
other CO2 sources, such as deforestation, and
for other major greenhouse gases; for exam-
ple, the contributions of natural wetlands,
rice farming, and cattle to the global methane

25 APRIL2008 VOL320 SCIENCE www.sciencemag.org

Publishedby AAAS
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Carbon Crucible —
The Future Demands New
and Expanded Approaches

* Increased Observations
* Improved Transport Models
* Enhanced Reanalysis

Page 36



Global Monitoring Network for Atmospheric Greenhouse Gases WG o
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* NOAA network
* |COS network
* CMA et al networks




Surface
flasks and
in situ

Tall tower
flasks and
in situ

Airborne

flasks and
in situ

and other
novel
methods

Flux

towers
(eddy

covariance

)

Other
ecosystem
flux
methods
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So, What is WMO Doing? o

* WMO Capabilities
) o\ » WMO Global Atmosphere Watch

o 9 :

L& O Long term observing network for greenhouse gases

M%%ﬁc‘iéag 0 Other observing networks for atmospheric composition (e.g., aerosols,
ozone)

O Support for “megacities” research

| =a ~ World Weather Research Programme
vmhpwa.,w O Improving forecast models

* Seasonal to sub-seasonal predictions (with WCRP)
* Polar Prediction Program (with WCRP)

* Tropical Meteorology

* Others. . Improving transport resolution

WCRP.#

s 3> \Norld Climate Research Programme
O Improving climate models
O Focused efforts, e.g., extreme events, statistical downscaling, etc.

Page 40
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We need to do better. ..

North American Temperate annual total emissions

First guess
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