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e  Comparison of greenhouse gas emission estimates with atmospheric measurements: Guidande on comparison
= TSt 1 f f nd elaborated to
reflect the state of science for atmospheric measurements and their application to improving national
greenhouse gas inventories. These approaches can be used to provide additional scientific verification of
inputs and results for particular categories and gases, and therefore help countries to target areas of uncertainty.
The most notable advances were achieved in the application of inverse models of atmospheric transport for
emission estimates at the national scale. Thus, atmospheric measurements are being used to provide useful
quality assurance of the national greenhouse gas emission estimates. The guidance highlights key components
and steps that can be applied when using atmospheric measurements and inverse models for comparison with )

6.10.2 Comparisons with atmospheric measurements
[Update/Elaboration of the section 6.10.2 of the 2006 IPCC Guidelines].

{IPCC 20065 ELF5 FH 201956 1)
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Physical and chemical processes that control the composition of the atmosphere

Long- and short-lived greenhouse gases and particles
0. CH

Transport
Advection |

Convection ~HO,S
Turbutence

Secondary air pollution
0, PAN, particles

Emissions/primary air pollution
NO_ CH_, CO, VOC, 50, NH

Deposition/acidification/eutrophication Air quality and health
H S0 NH articles, O, NO . CO
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Table 1 - Recommended compatibility of measurements of components discussed

Component Compatibility goal 0.025% range in the unpolluted troposphere
CO; +0.1ppm [+ %5/ppm in the southern hemisphere) 360 ... 430 ppm
1H3C-CO; +0.01 %o -7.5 ... -9 %0 vs. VPDB
1180-CO2 + 0.05 %o -2 ... +2%o0 vs. VPDB
113C - CH4 + 0.02 %o -80... -20%0 vs. VPDB

D - CHs + 1 %o -400 ... +0%o vs. VSMOW
1C-COz2 + 1 %o 0.1% 0... 70%o

O2/N2 + 2 per meg -250 ... -550 per meg (vs. SIO scale)
CHs +2ppb 1700 ... 2100 ppb

CcO + 2 ppb e 30 ... 300 ppb

N20 +01ppb [ 320 ... 335 ppb

H> + 2 ppb 450 ... 600 ppb

SFs + 0.02 ppt 6 ... 10 ppt
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Table 2 Results of Methane Reference Gas Intercomparison for Asia from 2011 to 2012

Cylinder Number
CPB31288 CPB31289
Laboratory and Date of .
. Concen- Concen- instrument
Location Measurement SD SD
tration (ppb) No | tration (ppb) No
PP PP
(pPb) (ppb)
JMA June 8-9, SHIMADZU
1740.5 16| 10 1878.1 15| 10
Tokye, Japan 2011 GC-14BPF
September 13, .
1741.2 0.9 3 1878.7 04 3| Agilent 6890N
CMA 2011
Mt. Waliguan, China September 20, .
1740.6 0.1 4 1879.0 0.1 4 | Picarro G1301
2011
QOctober 14-17, i
CMA 2011 1740.0 1.1 14 1879.1 05| 17 | Agilent 6890N
Central Laboratory in
. October 20, )
Beijing, China 2011 1739.6 0.1 1 1878.8 0.1 11| Picarro G1301
KMA
December 1, 2011 - i
Anmyeon-do, 1739.2 | 0.88| 10 1878.1 | 0.84| 10 | Agilent G1530A
. January 27, 2012
Republic of Korea
JMA SHIMADZU
March 21-22, 2012 1740.2 09| 10 1878.2 10| 10
Tokye, Japan GC-14BPF

SD: Standard deviation; No: Number of measurements

WMORK =] EE 6 (20124 )




- BEREE iy (WCC) WNFREESE

%2_3!’551 >x; iﬁﬁﬁﬁ%’ﬁ A IL\ q Eﬂ:nETﬁl\ Jlﬁ-fjbiﬁ%*? .
\{:::'-:'_-:_—_—'—'——‘—‘—‘-::::'_::::_:::::Z: EZ i ..‘;:éibﬁ

>] (ppb)

I I I T I I T
097 098 099 100 101 102 103

Slope /(-)
<WMO-X2004A> (ppb)

ZEHNE:

v BN ZR g RE

v LA 53893 AR IK

v AEHIEAREN e
BHZZ

-I—




B G —RIBERL, AHhBUE~m

@ '3 ‘é\g\gENHOUSE GAS
— R YFERERRE T YN B = = o HRA0

MG—RE, BEIG—Y —[——

DA AR AR I Eaa

o 1L WMOIR
/A
S S TR AR AR .
v S2F1URNERZSHREARSW
vV BEVREHBNEIRKS ;ELH
(AGAGE) T 1<

v BHF1RNOAALEK IS <




XEERSEBFASEER
am 2 SF R .



EEEFESFSASEHEHE (NOAA) BES MM L

SsNua ‘x. O O
60°S @Drake Passage :
Palme o0 e
o Blveriih \ A South'Polé o Halley Station L)
A Tower 2
crva 90°S 'a
@ Surface Discrete 150°E 150°W 90°W 30°W 30°E

Open symbol represents inactive site

Z—r AR, SRELHIEX
2R E AN BAETTRO50%, EFE

fRiEfE

'




FEAR—mESEENREE

) < 1.6
_ 500 1 —CO02 + non-CO2 GHGs
£
=1 b
= - Q
o 450 F
® @
o ﬁ (U] y
5 400 | 2 ,
- £
e |
2 350 o
> | ®
: —
g 3
& 300 -
8 <
250

1700 1750 1800 1850 1900 1950 2000

Year



(1I99V) Xxapu| se asnoyuaaic) [enuuy

< ™ < @ o ! g <
\ — - o = o o )

ettt
L20g

6L0c
FANIA
gioe
£loe
LLoEg
6002
1002
Gooe
£00e
L0oeg
666 |

AGGI (2021) =149 ——>

LEBL
ge6l
€661
L66 |
6861
L1861
G861
£861
1861
R ~1 6.6l

nu nd nu
(] — —

(z-w M) Buiosog aaneipey

o
QO
g
)
o
¥
r
il
mg
i
El

OCH4
EN:zO
LICFCs*
BHCFCs
BMHFCs*

2~ m

3.0 +

ul
o

0.5
0.0




_ﬁﬂ.ﬁﬁﬁfiﬁ’l‘%ﬁ! Carbon Tracker

TMS5 nested
transport

Fire
Module

FI A MM XS CO,

REHE, G6F

IR SR

#AR, FIHSPMRRBER

FRIREY
/I: E(JEjJn..\

34

- B HERUR AN IR U

60°N o

(%]

0°N @

Eq - e vy .
@]
30°S - g
@
o L]
60°S o °
[}
gDDS T T . T T T
180°W 120°W B60°W 0°E B60°E 120°E
Platform
@ surface flask @ aircraft flask
B surface continuous W ship flask
A tower continuous

180°E


http://www.esrl.noaa.gov/gmd/webdata/ccgg/CT2009/summary/network-global.pdf
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Carbon Tracker
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IG3IS Urban Greenhouse Gas Emission Observation and
Monitoring Best Research Practices
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These Best Practice Guidelines are intended to provide technical guidance on current state-of-
the-art technologies in urban greenhouse gas information systems. It lays out the available
methodologies and how they can best be implemented, as well as guidance on the end-user
outputs that might be obtained from each methodology. There are many unresolved challenges
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Increasing ability for targeted mitigation

Determine total Track total city Attribute Resolve spatial
city emissions emission trends emissions by and temporal
sector detect anomalies | emission patterns

Urban Inventory and Flux Models
Simple inventory < > Process-based model using NRT data

Direct Observational Methods based on
Short-term campaigns < > Integrated long-term network

Data Assimilation Systems
Simple scaling < > Near-real time data assimilation
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4.1. Tower and other elevated point observations

Monitoring atmospheric mole fractions of greenhouse gases from elevated points in and around
cities aims to measure the enhancements in these mole fractions due to urban emissions.
Measuring at elevated points such as roof tops or higher (tall towers, mountains) and sites
downwind of the city, compared to surface measurements performed at the street level, makes it
possible to extend the footprint of the observations and to reduce as much as possible the surface
layer vertical gradients.

o omEEAM
4.11. Dense networks

Dense networks are an approach to urban GHG emissions assessment that relies on large numbers
of sensors, each with a small, locally dominated, footprint of two-five kilometres diameter that
overlaps with the footprint of adjacent observing stations. In principle, such networks could use
any instruments, however, in practice low cost sensors make the idea attractive. The conceptual
advantages of the approach include 1) much lower capital investments than some of the
alternatives, 2) the small footprint of each sensor allows for more direct attribution to individual
source types, 3) addition of low cost air quality observations can enhance attribution to sectors for
an incremental additional cost that is a small percentage of overall capital cost and 4) there is a
square root N advantage in signal to noise of some analyses. Within the mix of approaches
described in this document, dense networks are a newer idea, one that is not as extensively vetted
as the others.
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B.a.3.1 Determination of ideal measurement locations

The minimum configuration of an urban network'is usually to have two towers upwind and
downwind of the city in the direction of the prevailing winds in order to have as many mole
fraction gradients as possible with a background site (the upwind site ; see also Section 4.12 and
Annex B.l. on background selection). To increase the number of situations where the upwind to
downwind gradient of the city is measured, a network of towers on the outskirts of the city seems
to be the preferred option. In addition to one or more upwind-downwind pairs, dedicated site(s)
downwind of specific hot-spots may be desirable. Depending on the signal and the distance from
the hot spot low-cost sensors may be appropriate for such purpose. Furthermore, in regions
where low windspeed situations often occur and the urban emissions accumulate, it may be useful
to install a measurement site within the city itself to quantify the local urban CO, dome by
calculating the excess of mole fraction measured at that site relative to background mole fraction
level (as defined in Section 4.12) (e.g. Xueref-Remy et al, 2018; Mitchell et al., 2018; Karion et al.,
2021).
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The mass balance method is a conceptually simple approach that does not rely on numerical
transport modelling or sophisticated statistical methods. Greenhouse gas emission estimates have
been made for many cities across the world using an aircraft mass balance approach based on the

conservation of mass principle. fﬁji 19 ESIZ?%EE
N
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Figure A — 5 Comparison of HFC-125 emissions from Switzerland: Inventory and estimates from measurements
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» Few dominating hot spots of anthropogenic emissions
» Photosynthesis compensate most anthropogenic emissions during daytime
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BEIS to investigate this further and an industry expert partly revised the United
Kingdom HFC-134a inventory estimates.
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Figure 3: CH, emission estimates for the UK (Gg yr'') from the UNFCCC Inventory (black) and InNTEM using the
DECC + GAUGE + CBW observations, 1-year inversions with different meteorology: (orange) global
meteorology and (green) 1.5 km high resolution meteorology. The uncertainty bars represent 1 std.
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6 Estimating biogenic and anthropogenic CO:

There remains no single, robust methodology to isolate ffCO2 from atmospheric measurements
of COz alone.

There has been concerted modelling efforts to understand the performance of the current “COz
network over Europe to quantify fossil fuel CO; (ffCOz) (Wang et al, 2017, Wang et al, 2018), and
the added benefit of increasing the spatial and temporal coverage of these measurements.
Results from "*CO; data collected within the NERC-funded GAUGE project over the UK are still
in preparation, but early results suggest care must be taken to remove the signal from the nuclear
processing industry.
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This involves solving VxJ(x) = 0 where .J is the cost function
defined as follows:
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