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Top-down emission estimation

INGREDIENTS:

1. Observations

2. Atmospheric transport model

3. Gridded emission inventory

4. Mathematical inversion algorithm
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High-altitude research
station Jungfraujoch

High-precision GHG network
started in CarboCount-CH
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Low- and mid-cost CO,
sensor network Carbosense
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* CO, stable isotopes (13C, 180)

* Radiocarbon
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® 200 low-cost CO, sensors
(Sensair LP8)

O 14 mid-cost CO, sensors
(Sensair HPP + active calibration)

* Strong focus on city of Zurich
(project ICOS-Cities PAUL)
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FLEXPART-IFS FLEXPART-COSMO FLEXPART-ICON GRAL
resol. 10-100 km resol. 1- 7 km (under development) resol. 2-10 m
Lagrangian
COSMO-GHG ICON-ART
resol. 1-10 km Global to local
Eulerian
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m Produced at 5-year intervals by company
Meteotest

m  Emissions per sector consistent with official
Swiss National Inventory

m Spatial mapping based on detailed geo-
statistical data (at 100 m x 100 m resol.)
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Bayesian inversion (Henne et al. 2016) Extended Kalman Filter (Brunner et al. 2012)
m  Estimation of spatial emission distribution m Estimation of spatial and temporal
m  Five-daily prior baseline and its emission distribution

uncertainty from JFJ baseline fit  payiation m  Sequential assimilation

1 . . :
J= f(x —x,) "B (x — x}) m Baseline contained in state vector

from a-priori .
P m Positive fluxes enforced

1
+—(Mx — y,)TR"*(Mx — model - obs.
2 ( Xo) ( Xo) Reduced inversion grid

. . 3 i 'd
m  Analytically solve for posterior state ) %é 1l (;J' 5oter08
T T -1 © ] -éz:} 'JC! \__ 1] 5%4 //E*é 2.51e+04
x =x, + BMT(MBM" — R) " (x, — Mx,) e U5 | B 2 o
i Lo 4 6.31e+03
_ 2 T ] 3.16e+03
% | : H =] 1.580+03
Common features g | i IR N
m  Footprints (source sensitivities) from FLEXPART-COSMO €7 00 7 A LY
= Reduced inversion grid H ~eHHHE j\’*& -
m  Use of selected observations only g - :Qa e g | ooeo
u H 1 ) 4 2.51e+01
Treatment of temporal and spatial correlations jm q% e

-10 -5 0 5 10 15 20 T0-50
Longitude (°E) (s m3 kg-1)




@ Empa

Materials Science and Technology

HFC-23 H
Lifetime 270 years /C-\u..F
GWP = 14800 ¥

HFC-23 mole fractions at Jﬁngfraujoch |

s

HFC—23 (ppt)
N ~
IS S

=
||||||&4|||||||||[

22

20

01/03/2010 15/03/2010 01/04/2010 15/04/2010 01/05/2010 15/05/2010 byp roduct Of H
e HCFC-22 Fory

01,/03/2010 ) 200.0 .
o e production F
100.0
70.0
50.0
30.0
20.0
14.0
10.0
7.0
5.0
3.0
2.0
1.4
1.0 e R
0.7 : e —— . :
0s Spinetta-Marengo

0.3 = =

02 observed: 26-56 t/y

0.1

TN esame gy | W 0 0 B 0.1 reported: 2.6 t/y (UNFCCC)
ST = T ) 2 4 6 8 10 12 14 18 18 20 22 Keueretal, (GRL2011)

SUNREREUN INECEENERE

Swiss Inventory Verification, 1st CoCO2 General Assembly, 16-18 Nov 2021



Latitude (° N)

Measurements from 4 sites:

*  Beromtunster (BEO)

* Lagern-Hochwacht (LHW)
* Jungfraujoch (JFJ)

¢ Schauinsland (SSL)

Annual mean footprint for all sites
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'n-'ves"mation of Swiss CH, & N,O emissions @ Empa

National Inventory Report of Switzerland 2021

Annex 5 Additional information on verification activities
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National Inventory Report of Switzerland 2021

Annex 5 Additional information on verification activities

Estimates of Switzerland’s
emissions of synthetic gases
based on measurements

at Jungfraujoch and

a simple tracer-ratio
method (TRM) using CO

as a reference species

Stefan Reimann
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Can we improve the estimates for Switzerland with additional . mEeT g
measurements at Beromunster tall tower? b e
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‘Tages-Anzeiger - Dienstag, 11. Februar 2020

Previously Unaccounted Swiss N,O Source
m  Niacin (vitamin B3) production by Lonza in Valais

Klima-Leiche im Wallis aufgetaucht (Visp), by-product N,O currently vented to
22 metkcen, Darmit wirdes o e Schvwels scmlerieet. a5 Kimaniel 3030 crelepen, 1+ atmosphere

Stefan Hane

m  Previously not reported in national inventory to
UNFCCC

m  Emissions of 2 Gg N,O yr' = 600 Gg CO,-eq. yr
~20 % of previously reported Swiss N,O emissions

Neue Jivcher Jeitung

Die Treibhausgasemissionen der Schweizer Blg dlsappomtment for our tOp-dOWI’I method!

Industrie sind héher als angenommen The source was not detected in our measurements,
Die Treibhausgasemissionen des Schweizer Industriese.l.(tors liegen because they were not Sensitive to emissions in the
laut dem Bund jahrlich um rund 600 000 Tonnen CO2-Aquivalente . .

hoher als bisher angenommen. Grund sei eine bisher unbekannte AI pl ne Va I Iey Whe re LO nza fa Cto ry |s |Ocated

Lachgasquelle.

10.02.2020, 10.50 Uhr

FOEN, news release, 2020-02-10
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https://www.bafu.admin.ch/bafu/de/home/dokumentation/medienmitteilungen/anzeige-nsb-unter-medienmitteilungen.msg-id-78041.html

QEmpa
20 years of fruitful collaboration with Swiss Federal Office for the Environment (FOEN)

FOEN financially supports research projects to improve inventory estimates

Original interest was in synthetic gases like CFCs, HFCs, SFg

Today also strong interest in CH4 and N>O, which dominate uncertainty budget

Little interest in CO,, because emissions are well-known at national level

High-resolution gridded emission inventories produced regularly and
consistently for air pollutants and major greenhouse gases

Measurement network is still sparse, especially for N,O and halocarbons
Further improvements of transport and inverse modelling system ongoing
m  Transition to FLEXPART-ICON & ICON-ART
®m Improved representation of boundary layer turbulence (Katharopoulos et al. 2021, submitted)
m Integration into global inversion system (Bergamaschi et al., in prep.)
m  Possibly transition to CIF in the long-term
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Thank you for your attention

Special thanks to

Stefan Reimann, Martin Vollmer, Joachim Mohn, Markus Leuenberger,
loannis Katharopoulos, Dominique Rust and Lukas Emmenegger
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