Chapter 1.7 - General Uncertainty E\

Introduction

Uncertainties are a key part of any emission inventory e ort. Recording
errors made in estimating emissions allows for the inventory team to dire
for the public and the scientiBc community to work with the results prese
statistical approaches as deB ned in the EMEP/EEA Guidebook to evaluate
The Guidebook ol ers two methods for the combination of individual sourc
of categories and national totals, namely error propagation (EP, tier 1) a
(MC, tier 2). Although Germany presents all results from both approache:
generally considered to represent the actual conB dence interval more pre

An important aspect of an uncertainty analysis concerns the ways on how
associated with individual estimates or the total inventory. It is recomme
guantity to express uncertainty in a LRTAP Convention inventory as requ
inventory, namely the 95% conR dence interval. The conB dence interval is
limits deR ned by the 2.5 percentile and 97.5 percentile of the cumulative
estimated quantity, that means that there is a 95% probability that the a



estimated is within the interval del ned by the conB dence limits. For a no
conB dence interval lies between -2 standard deviations around the mean

The data presented in this chapter are derived from the work of the emis
contributing to the German emission inventory, who picked a con dence |
distribution function for each of the ~2,000 activity data and ~20,000 em
employed. In practice, every time series receives a metadata record in tt
upper limit, lower limit and distribution function as well as an uncertaint
reference (e.g. EEA/EMEP GB 2019, other literature or expert judgement)
uncertainties are currently considered separately for each individual time
for each series across years. On this basis, the combination approaches
derive uncertainty information at the level of categories and national tot

Uncertainty overview

Germany currently reports detailed uncertainty informati®,o Nat\VROE, poH ut
and RPMWhile detailed spreadsheet tables are available for download belc
oB ers a quick overview and comparison per pollutants at the level of the

52;?2019TrendMethod Base'year 201_9 Trend uncertainty
[kt] [kKt] [[%] uncertainty [[#rjcertainty |[[%] [%]
NQ 2,8501,137-60.1FP 27.53 18.03 13.20
MC -10.B3+14.23 -8.65+14.07 -16.78 +19.78
SQ | 5,474 264 -95.10P 8.69 8.33 1.77
MC -8.02 +8.94 -6.47 +6.87 -1.84 +1.96
NMVOC3,8911,121-71.1BP 23.36 31.31 21.22
M C -14.58+22.58-15.22+29.25 -22.08 +32.18
NH 715 587 -17.9BP 12.69 10.26 13.90
M C -10.19+11.70 -9.49 +9.86-336./77+364.82
PM, | 206 92 -55.p0P 22.95 37.65 23.81
M C -10.72+12.82-16.54+19.03 -16.00 +19.53

Uncertainties per pollutant

The sections below detail pollutant specif ¢ uncertainty interpretations al
context of the pollutant’s emissions and trends.

N O x



NOx emissions 1990-2019

Uncertainty range given as 95% confidence interval, range: 710kt (1990) - 250kt (2019)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 ~ 2008 ~ 2009 ~ 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Compared to other poljuammnssjodMOuncertainties are moderate. The nationa
conB dence interval of about -8.7% to +14% in 2019, which amounts to ab
Interestingly, witheN®@IR erences between the two approaches in uncertaint
and MC) are particularly visible. This is because of tha.bBighkegticolturidlut
SoiJswhere emissions and uncertainties are high (> +300%) and, crucially
distribution. Therefore only the MC simulation, which takes the log-norm:
emissions into account, correctly reB ects this source, while the EP yield:
at more than 18%.

Using the MC simulation, the top three contributors toltie3obeiralRaoadert:
transport: Passen@eb.@als- Inorganic NahedtDiae2sa - Animal manure appli
soild§ . A.4.b.i - Residentiala®s®abicen2rg - Other organic fertiliseagepplied
other important sector in regardltoufNdertainties. Pleaspreafeshtoe t el e

details.

SO2

SO2 emissions 1990-2019

Uncertainty range given as 95% confidence interval, range: 930kt (1990) - 35kt (2019)

1990 1991 1992 1993 1994 1995  19% 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

SQ@emissions are mainly emitted by stationary combustion plants. Since t
and fuel sulphur contents are generally well kpnewm,usioastaimngikswinThe
national total has a 95% conB dence interval of about -6.5% to +6.9% in 2
about 35kt pfTH® top contributing sectondertaentSlON .ik.a - Public Electrici
And Heat Produfotlilmwed by a rather bigy. mdrdpin PetroleumlRARINbN G -
Residential: Stationary ,Cosanweski@nl - Iron and Steel Albdladaidas availabl
thespreadsheet B le


https://iir.umweltbundesamt.de/2021/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2021/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2021/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/passenger_cars
https://iir.umweltbundesamt.de/2021/sector/energy/fuel_combustion/transport/road_transport/emissions_from_fuel_combustion_in_road_vehicles/passenger_cars
https://iir.umweltbundesamt.de/2021/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2021/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2021/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2021/sector/energy/fuel_combustion/small_combustion/stationary_small_combustion/residential
https://iir.umweltbundesamt.de/2021/sector/agriculture/agricultural_soils/start
https://iir.umweltbundesamt.de/2021/_media/general/uncertainty_evaluation/uncertainty_details_nox.xlsx
https://iir.umweltbundesamt.de/2021/sector/energy/fuel_combustion/energy_industries/public_electricity_and_heat_production
https://iir.umweltbundesamt.de/2021/sector/energy/fuel_combustion/energy_industries/public_electricity_and_heat_production
https://iir.umweltbundesamt.de/2021/sector/energy/fuel_combustion/energy_industries/petroleum_refining
https://iir.umweltbundesamt.de/2021/sector/energy/fuel_combustion/small_combustion/stationary_small_combustion/residential
https://iir.umweltbundesamt.de/2021/sector/energy/fuel_combustion/small_combustion/stationary_small_combustion/residential
https://iir.umweltbundesamt.de/2021/sector/ippu/metal_production/iron_and_steel_production/start
https://iir.umweltbundesamt.de/2021/_media/general/uncertainty_evaluation/uncertainty_details_so2.xlsx

NMVOC

NMVOC emissions 1990-2019

Uncertainty range given as 95% confidence interval, range: 1,450kt (1990) - 500kt (2019)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NMVOC emissions and trends are driven by solvent use. While solvent co
well known, application context and use statistics introduce signiB cant m
emissions of NMVOC are, while not very high in value, very uncertain ani
overall error margins. In sum, NMVOC emissions show moderate to high
total has a 95% conl3 dence interval of about -15% to +29% in 2019, whicl
NMVOC. In order of signiR@ cance, the top3. Be-cMahnibaitdanagement ; Dair
3.B.1.b Manure management - N@nbBdaiay-c@ottheestic Solvent Use, including
1.A.4.b.i - Residential: Stationasyw@tindidu8tidkon Coating ApAk oaittilorthe
other pollutants, details are toslpeefadisitdeert BHe

NH3

NH3 emissions 1990-2019
Uncertainty range given as 95% confidence interval, range: 120kt
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Uncertainty in,tbmiN$glion national total is moderate and mainly caused by
in partic8l®ra.2.a - Animal manure a@BpBeld -tiMaause managemea&nD -aSWwine
Inorganic N-feran&drsl.a - Manure managementdoDalisy phaylsignil cant ro
The national total has a 95% conB dence interval of about -9.5% to +10%
about 150kt,ofYMH can drive your own analysis with the syurmbédsddeuRdein
attached to this page.

PM2.5


https://iir.umweltbundesamt.de/2021/sector/agriculture/manure_management/start
https://iir.umweltbundesamt.de/2021/sector/agriculture/manure_management/start
https://iir.umweltbundesamt.de/2021/sector/ippu/other_solvent_and_product_use/domestic_solvent_use/start
https://iir.umweltbundesamt.de/2021/sector/energy/fuel_combustion/small_combustion/stationary_small_combustion/residential
https://iir.umweltbundesamt.de/2021/sector/ippu/other_solvent_and_product_use/coating_applications/start
https://iir.umweltbundesamt.de/2021/_media/general/uncertainty_evaluation/uncertainty_details_nmvoc.xlsx
https://iir.umweltbundesamt.de/2021/general/uncertainty_evaluation/3-d-agricultural-soils#da2a
https://iir.umweltbundesamt.de/2021/general/uncertainty_evaluation/3-b-manure-management
https://iir.umweltbundesamt.de/2021/general/uncertainty_evaluation/3-d-agricultural-soils#da1
https://iir.umweltbundesamt.de/2021/general/uncertainty_evaluation/3-d-agricultural-soils#da1
https://iir.umweltbundesamt.de/2021/general/uncertainty_evaluation/3-b-manure-management
https://iir.umweltbundesamt.de/2021/_media/general/uncertainty_evaluation/uncertainty_details_nh3.xlsx

PM?2.5 emissions 1995-2019

Uncertainty range given as 95% confidence interval, range: 50kt (1990) - 30kt (2019)
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PM.emissions are associated with high uncertainties. The national total |
interval of about -15% to +17% in 2018, which amouyunTwobosaltoaits3O&ntoifbk
the bulk of thesel eArdris:i - Residentialai®®ation@tlyer production, consumg
storage, transportation or handling Gfebmbnypricdalste one of the few count
reports abrasiod.#An8ec - Rajilahdii:ig noticeably to both emission values art
uncertainties. Please spferatchbefd®ridetails.

Other pollutants

There is currently no uncertainty assessment for additional air pollutants
Germany seeks to expand the list of pollutants covered as resources allo


https://iir.umweltbundesamt.de/2021/general/uncertainty_evaluation/1a4bi
https://iir.umweltbundesamt.de/2021/general/uncertainty_evaluation/2-l-bulk-products
https://iir.umweltbundesamt.de/2021/general/uncertainty_evaluation/2-l-bulk-products
https://iir.umweltbundesamt.de/2021/general/uncertainty_evaluation/1-a-3-c-railways
https://iir.umweltbundesamt.de/2021/_media/general/uncertainty_evaluation/uncertainty_details_pm2.5.xlsx
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