Science of the Total Environment 914 (2024) 169879

Contents lists available at ScienceDirect

Science cere
Total Environment

Science of the Total Environment

14
" 2

s

ELSEVIER journal homepage: www.elsevier.com/locate/scitotenv

Tracking unaccounted greenhouse gas emissions due to the war in Ukraine
since 2022

a,b,*

Rostyslav Bun *", Gregg Marland ¢, Tomohiro Oda“®', Linda See®, Enrique Puliafito hi
Zbigniew Nahorski*, Mathias Jonas ¢, Vasyl Kovalyshyn', Iolanda Ialongo ",
Orysia Yashchun *#, Zoriana Romanchuk *#

2 Lviv Polytechnic National University, Bandery str., 12, Lviv 79013, Ukraine
b wsB University, Cieplaka str., 1c, Dgbrowa Gornicza 41300, Poland
Cx“lppalachian State University, Boone, NC, USA

d Universities Space Research Association, Washington, DC, USA

€ University of Maryland, College Park, MD, USA

staka University, Suita, Osaka, Japan

8 International Institute for Applied Systems Analysis, Laxenburg, Austria

h Consejo Nacional de Investigaciones Cientificas y Técnicas, Argentina

' Mendoza Regional Faculty, National Technological University (FRM-UTN), Mendoza, Argentina
j Systems Research Institute, Polish Academy of Sciences, Warsaw, Poland
Kwir University, Warsaw, Poland

! Lviv State University of Life Safety, Lviv, Ukraine

™ Finnish Meteorological Institute, Helsinki, Finland

HIGHLIGHTS GRAPHICALABSTRACT

+ During a war GHG emissions due to
military actions can increase
. e “Peace time"” vs “War time”
significantly. First 18 months of the 2022/2023
. . . . in Ukraine:
- The GHG emissions impact of conflict e
extends well beyond the time and place

of physical conflict.

.

A=+77 Mt CO,-eq.

A =-158 Mt CO,-eq.

+ The IPCC guidelines do not explicitly {18-month period) (18-month period)
consider wartime GHG emission UNFCCC reporting on GHG emissions Unaccounted/
. IPCC Guidelines Unreported in NIRs
reporting. National Inventory Reports (NIRs) (not covered by )
. . . IPCC Guidels ‘1
+ War-related GHG emissions for the first H e
18 months of the war in Ukraine were
77 MtCOz-eq. Changes in ::‘a:i(l::r'\:l:’::issmn sectors Additional emissions from military actions
+ The relative uncertainty of war-related § 1| 3 % useotvombs, msies sty mines, . 1028 0,0
T ) ) . ) Public electricity and heat production (47.7 Mt CO,-eq.) 9 B/ Use of petroleum products for military actions (+28.7 Mt CO, .|
emissions in Ukraine is estimated to be 55uoadmmn«u-on.om«vammunn(-u1m(o,-«.) : & ires of petroleum storage depots (+5.4 Mt CO;eq)
Chemical industry (-11.7 Mt €O ea) Fires o buldings and nfastrcture objects (+18.1 M1 CO,eq.
22 % (95 % CI). B Commercisiresidenia secor (107 M CO,40) 40 % Forestres snd fres f spicuturs lands (:38MR )

A3y 0 and natural gas production (:5.7 M CO,-eq.) A B warreisted garbage/waste (+1.0Mt€0,eq)

Keywords:

Wartime GHG emissions
GHG emission reporting
Unreported GHG
emissions

Uncertainty in GHG
emissionsWar in Ukraine

ABSTRACT
ARTICLEINFO

Accounting and reporting of greenhouse gas (GHG) emissions are mandatory for Parties under the Paris

Editor: Jay Gan Agreement. Emissions reporting is important for understanding the global carbon cycle and for addressing global
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climate change. However, in a period of open conflict or war, military emissions increase significantly and the
accounting system is not currently designed to account adequately for this source. In this paper we analyze how,
during the first 18 months of the 2022/2023 full-scale war in Ukraine, GHG national inventory reporting to the
UNFCCC was affected. We estimated the decrease of emissions due to a reduction in traditional human activities.
We identified major, war-related, emission processes from the territory of Ukraine not covered by current GHG
inventory guidelines and that are not likely to be included in national inventory reports. If these emissions are
included, they will likely be incorporated in a way that is not transparent with potentially high uncertainty. We
analyze publicly available data and use expert judgment to estimate such emissions from (1) the use of bombs,
missiles, barrel artillery, and mines; (2) the consumption of oil products for military operations; (3) fires at
petroleum storage depots and refineries; (4) fires in buildings and infrastructure facilities; (5) fires on forest and
agricultural lands; and (6) the decomposition of war-related garbage/waste. Our estimate of these war-related
emissions of carbon dioxide, methane, and nitrous oxide for the first 18 months of the war in Ukraine is 77

MtCO2-eq. with a relative uncertainty of +/—22 % (95 % confidence interval).
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