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Fragmented landscape: society
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Fragmented landscape: science
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correspondence

A post-Paris look at climate observations

To the Editor — The Paris Agreement' of variables (ECVs) have been defined: they reminder to the observing community to
the United Nations Framework Convention aim to describe key aspects of the behaviour deliver the data that will underpin progress.

on Climate Change in December 2015 was and composition of the land, oceans and

 Renewed emphasis on fossil emission sources
* Requires rethinking of strategy (scaling)

e Observation networks

* Firm robust limits (1.5/ 2 °C), or 200 Pg C



I'he Paris agreement

AIMS (art.2)

*
keeping the global average Increasing the ability to adapt

temperature to well below 2°C to the adverse impacts of
above pre-industrial levels and climate change and foster
pursuing efforts to limit the climate resilience and low
temperature to 1.5°Cabove greenhouse gas emissions
pre-industrial level development

Making finance flows
consistent with a pathway
towards low greenhouse gas
emissions and climate-resilient
development

Undertake and communicate ambitious
efforts increasing over time

Nationally Determined Contributions (Art. 4)

Increasing ambitio
‘ Conservation of Sinks and REDD+ (Art. 5)

Transparency Framework (Art. 13)

. Voluntary Cooperation & non-market mechanisms (Art. 6)
Reporting
Improvement of adaptive capacity (Art. 7)

Loss and Damage (Art. 8)

Global Stocktake (Art. 14)

Provision of financial support (Art. 9)

Facilitate Technology transfer (Art. 10)

SSIUO0Ud

Committee to facilitate compliance (Art.15) ‘ Capacity Building (Art. 11)
S-yearreviews Education and public awareness (Art 12)

Bodies and secretariat (Art. 16-19)
Adoption and modification (Art. 20-24)
Procedures (Art. 25-29)




The five year cycle

INPUTS The Global Stocktake

Comprehensive, Collective Facilitative Updating and
Action and Support enhancing action
* Previous (Art. 13) Taking stock of implementation and support
* Current and Planned * Mitigation,
» Overall effect of NDC * Adaption )
« State of Adaptation efforts * Meansof implementation & support Acceleratlng

» Mobilisation & provision of Assessing Progress PI’OQTGSS
support * Purposeof the Agreement

. . * Long-term goals
Science and Implementation E e

; . Enhancing
. IPCC Informing parties

International
* Reports of Subsidiary Bodies Cooperation

In light of equity and best available science




1/7-13 or 35-41 years
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Challenges

What has changed since Paris?
Some issues with mesoscale models

Where uncertainties meet regional budgets: tuture
satellite requirements

Closed country budgets?

Can we deliver in time and how?



The system of systems

Observations

Satellite CO,
Sentinel &
international
constellation

In-situ CO,
Ground-based
networks

Meteorology
Satellite & in-situ

Auxiliary
Satellite
observations of
CO, NO,, night
lights, ...

Prior Information

CO, fluxes, model
parameters, emission

reports, economic
statistics.

Integration

Coupled Data
Assimilation
(minimises predefined
cost function)

Models
(Atmospheric, Transport,
Anthropogenic Emissions,
Natural Fluxes....)

4 )

Consolidated
Hot-spot Fossil
Fuel emissions

with
uncertainties
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Consolidated
Country/region
Fossil Fuel
emissions with

uncertainties




What Is needed?

Detection of hot spot. A hot spot is defined as a small area surrounded by a

strong CO2 concentration gradient, because the area contains a large emitting
COz2 source. This can be a large power plant, a megacity or any other activity

characterized by strong CO2 emissions with different time evolution.

Monitoring the emissions of the hot spot. Consecutive measurements are
needed to link the measured emission level to previous measurements and to
monitor local emission reductions of the activities within the hot spot. The accuracy
of the measurements must ensure the capability to attribute CO2 emissions
anomalies relative to the CO2 concentration background level.

Assessing emission changes against local reduction targets. This concerns
the monitoring of the implemented emission reduction strategies on the hot spots,
which all add up to achieve NDC targets. In the EU this requires the monitoring, at
the most appropriate time scale, of not only the point source facilities (which are
under the Emissions Trading System) but also the megacities with peak emissions
of transport and buildings.

Assessing the national emissions and changes with 5 year time steps. This
requires the entire screening of the full area covered by the country, in order to
account for changes in emission patterns with new or occasional hotspots.
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Can we observe any
reduction”
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EMmission hotspots
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How good are we at that”
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Microwave sat. ABC—trend
(2003-2010; data from Liu et al. 2015)

Regional sat. inversion NIR
(2003-2010; Reuter et al. 2014)

Globalsat. inversion TIR
(2006; Nassar et al. 2011)

Global sat. inversion NIR
(2009<2010; Houweling et al. 2015)

Global in situ inversion
(2001-2004; Peylin et al. 2013)

Bottom up
(2000-2005; Schulze et al. 2009)
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« Ecosystem models
poorly represent

un)closed budgets at the

mortality and land-use
change

« No atmospheric station
in this region |
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- Ecosystem models did
not include land
management and
nitrogen deposition

- Even over Europe, too
few atmospheric
stations result in large
errors

Large discrepancies between bottom-up models and atmospheric inversions
Tropics and high latitudes regions have almost no observation
Large uncertainties ~100% on regional budgets !



Country scale budgets
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Emission (Tg C/yr)
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Atmosphere: sources of
error

Source of Type or error | Size Impact on observational Reference
uncertainty strategy
Advection ~5 ppm avoid regions with Lin and Gerbig, 2005
(summertime) complex flows
PBL mixing ~3.5 ppm Vertical profiling, column | Gerbig et al., 2008
(summertime) observations
B Convection No estimate -
Mesoscale ~2-3 ppm Avoid regions with Van der Molen and
processes (summertime) mesoscale flows Dolman (2007), Tolk
etal., 2008
Transport and Gnd resolu- | ~1 ppm @ 200 km | Choice of representative Gerbig et al., 2003
Flux Model tion (summertime) stations
Proor uncer- | 2-8 ppm*** network elements P. Peylin, personal
tainty (summertime) distributed according to communicarion, 2008
Flux Model prior uncertainties
i ode Agprcgation | Depending on Gerbig et al, 2006
Aggregation and
Model
Measurement Precision, ac- | 0.1 ppm (targeted) | WMO WMO
curacy

Gerbig et al., 2009



Vlesoscale inversions

VUA inversion - set2 - MAM

f L )M

VUA inversion - set2 - SON

)M

0.4 0.6 0.8

0.2

0.4 0.6 0.8

uncertainty reduction

0.2

VUA inversion - set2 - JJA

: )M
’ .8
AN\ 50
il 4 . e Y \H:w
o b [y 4
- DAL D
o .=y . 5 =
-— ¥ ! T R’
qg hr e(.:\, :é‘ " 4
S i it
Q l\,-' |'.'I )
— '~ oo MR & e,
i o iw £
= OB l":
£ kI
© o %%
£ : ~
8 bl ".; !-: N o~
> "
c -
S i 5
T S
Q‘ )
) B b
Tl
@ S T
o Y ) |#
b oy Wacd

0.0

STILT-TMS inv. - set2 - MAM

o\ .=
e,
&S LT

” [ Wi

STILT-TM3 inv. - set2 - SON

Yo\ & =2
M
& 2

‘IQQ
AP
. : . ..-.' ;
@ et

0.8

0.6

0.4

0.2

0.4 0.6 0.8

uncertainty reduction

0.2

uncertainty reduction

STILT-TM3 inv. - set2 - JJA

JaN .=
e e,
z 4 AL 2

0.4

0.2

0.0

i ! Wi

STILT-TMS inv. - sef2 - yearly

'. 'll Oy

0.2 03 04 05 06 0.7

R (. S DA [ B g

0.0 0.1

0.8

0.6

[ (. S RASR [ I



Uncertainty reduction at
country scale

STILT-TM3 and VUA inversion, gap impact

0.05 0.10 0.15

uncertainty reduction difference

0.00

’ 0 STILT-TMs No “observations’
in Germany

Impact wider than just
° surrounding areas

T L T U But also large model

o 6..6

: differences

QESC 2T >2ECT QT > 8 CCcXx CcCCB ET 8D
c P EcECmocE Y mZEgER>Scaoccecx2esSEDS
00 P58 TSSO 505 = = S = o O

= L - et = O W= —_ e

mo 2 r o T o 0 (.0-5“300 o
o £ a

o < a



Estimating CO» fluxes at
local-scale

Berlin

Reported emission of 46 Mt CO, per year
Targeted uncertainty 7 Mt CO,/yr (single
overpass estimate)

Random error (1 S|gma) CO, emission
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Bridging scales

Flux

Field scale Country scale Global scale

Slide Sander Houweling



Flux

Bridging scales

Field scale Country scale Global scale



Needs

* o be able to detect reductions in fossil fuel we need to refocus (observations,
models)

e Extend in situ observations through ICOS, and 14C efforts and use in inversions
models

* Provide harmonised bottom up data for countries within Europe and outside

e Substantial errors in setup, a priori structure of the mesoscale inversions (very little
real inversions)

Do HR mesoscale inversions (set up model inter comparisons a la Eurocom)

« At the country scale the uncertainties are enlarged, but this may provide the key to
future development: e.g. VERIFY

 |dentify bottlenecks, uncertainties etc. through thorough analysis of bottom up
and top down



