
Raport Badawczy 

Research Report 
RB/11/2014 

Comparison of inventory maps with 
independent emission 

assessments, both for Poland 
and Ukraine. Steps towards assessment 

of significance of various activity 
sources, and validation of emission 

factors 

Z. Nahorski, J. Horabik, J. Jarnicka, 
R. Bun, M. Lesiv, O. Danylo 

Instytut Badań Systemowych 
Polska Akademia Nauk 

Systems Research Institute 
Polish Academy of Sciences 



POLSKA AKADEMIA NAUK 

Instytut Badań Systemowych 

ul. Newelska 6 

01-447 Warszawa 

tel.: (+48) (22) 3810100 

fax: (+48) (22) 3810105 

Kierownik Zakładu zgłaszający pracę : 

Prof. dr hab. inż. Zbigniew Nahorski 

Warszawa 2014 



D 3.3 
Version 

Date 20.06.2014 

Author SRI, LPNU 

Dissemination level PP 

Document reference D 3.3 

GESAPU 

Geoinformation technologies, spatio-temporal 
approaches, and full carbon account for improving 

accuracy of GHG inventories 

Deliverable 3.3. Comparison of inventory maps with independent 
emission assessments, both for Poland and Ukraine. Steps towards 

assessment of significance ofvarious activity sources, and 
validation of emission factors 

Zbigniew Nalwrski, Joanna Horabik, Jolanta Jarnicka 
Systems Research Institute, Polish Academy ofSciences, Poland 

Rostyslav Bun, Myroslava Lesiv, 011,a Dany/o 
Lviv Polytechnic National University, Ukraine; 

Project Duration 
Coordinator 
Work package leader 

Delivery Date: M42 

24 June 2010 -23 June 2014 (48 Months) 
Systems Research Institute of the Polish Academy of Sciences (SRJ) 
Systems Research Institute of the Polish Academy ofSciences (SRJ) 



Disclaimer 
The information in this document is subject to change without notice. Company or product nrunes 

mentioned in this document may be trademarks or registered trademarks of their respective companics. 

All rights reserved 
The docwnent is proprietary of the GESAPU consortiwn members. No copying or distributing, in any 

form or by any means, is allowed witbout the prior written agreement of the owner of the property rights. This 
docume• t reflects only the authors ' view. 

This project is supported by funding by the European Commission: FP?-PEOPLE-2009-IRSES, Project 
n° 247645. 



Project: #247645. Call : FP7-PEOPLE-2009-IRSES, Marie Curie Actions-lntemational 
Research StaffExchange Scheme (IRSES). 

W ork package 3. lmproving accuracy of inventories by means of spatio-temporal statistical 
methods 

Deliverable 3.3. Comparison of inventory maps with independent emission assessments, 
both for Poland and Ukraine. Steps towards assessment of significance of various 
activity sources, and validation of emission factors. 

Content 

I. Review of methods useful in quantification of C02 emissions at fine 
resolution 

1.1 Disaggregation of CO2 emissions to fine spatial scale 

1.2 Estimation offossil fuel emission changes from 14CO2 observations 

1.3 Atmospheric inversion for estimating CO2 fluxes 

1.4 Flux tower obscrvations 

2. Comparison of the developed inventory map with independent emission 
assessments: nighttime lights 

2.1 ODIAC and GESAPU emission assessments 

2.2 Basic assumptions underlying the two approaches for spatial emission assessment 

2.3 Quantitative comparison of emission maps 

3. Concluding remarks 

List offigures 

Figure 1. ODIAC assessment of fossil fuel CO2 emissions at the tenitory of Poland in 

the original I km x I km grid [Gg CO2] 

Figure 2. G ESAPU assessment of fossil fuel CO2 emissions at the territory of Poland in 

2km x 2km grid [Gg CO2] 

Figure 3. The ditference between GESAPU and ODlAC CO2 emissions [Gg CO2] 

Figure 4. Histogram (Jett) and boxplot (right) ofdifferences 

Figure 5. Histogram ofCO2 emissions in both inventories 

Figure 6. Scatterplot ofCO2 emission values [Gg CO2] 

Figure 7. Fossil fuel CO2 emissions in Warsaw agglomeration and its surroundings 

Figure 8. Fossil fuel CO2 emissions in the Silesia region 

List oftables 

Table 1. Methodological assumptions: ODlAC versus GESAPU emission data sets 





2. Comparison of the developed inventory map with independent 

emission assessments: nighttime lights 

2.1 ODIAC and GESAPU emission assessments 

Below we present a comparison of the developed GHG spatial inventory with an 

independent assessment, that was obtained by combining a worldwide point source database 

and satellite observations of the global nigbtlight distribution; for details see Oda & 

Maksyutov, 2011. The ODIAC (Open source Data lnventory of Antropogenie CO2 emissions) 

data set has been compiled for the whole globe, and Figure 1 presents the map for Poland. lt 

provides a 1km x 1km annual fossil fuel CO2 emission inventory, where source regions 

corresponding to human settlements and land transportation are well articulated. 
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Figure 1. ODIAC assessment offossil fuel CO2 emissionsat the territory of Poland in the 

original 1km x 1km grid [Gg CO2] 

For comparison, a relevant inventory part of GESAPU assessment comprises Energy 

sector, see Figure 2. lt should be noted that this emission inventory is prepared for the year 

2010, while the presented ODIAC results were compiled for the year 2013. 
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Figure 2. GESAPU assessment offossil fuel CO2 emissions at the territory of Poland in 

2km X 2km grid [Gg CO2] 

2.2 Basic assumptions underlying the two approaches for spatial emission 

assessment 

Below we compare the basie assumptions used for modelling emissions by the ODIAC 

method (Oda & Maksyutov, 2011) and the method used in the GESAPU project. 

Table 1. Methodological assumptions: ODIAC versus GESAPU emission data sets 

ODIAC GESAPU 

National cmission data: National emission data: 

• Estimates of annual national CO2 • Estimates ofannual GHG (CO2, CH4, 
emissions based on worldwide energy N2O, SF6, NMVOC) emissions at the 
statistics compiled by the energy level of point-, line- and area-type 
company BP p.l.c., which includes the sources, using national statistical data 
consumption of comrnercially traded about fossil fuel consumption in the 
primary fuels (e.g. oil, coal, natura! gas) Energy sector as well as activity data in 

• The CO2 emissions estimated by the Industry, Agriculture, Waste and 
calculating the carbon content of the LULUCF sectors at the national, regional 
consumed fuels according to the levels, and the level ofmunicipalities 
methodology specified in the IPPC 1996 • The GHG emissions estimated using 
guidelines emission factors in all sectors, and net 



• Conversion factors adopted from the calorific values in the Energy sector 
statistics report prepared by !EA (2007) (national or for point-type sources -

where possible) according to the 
methodology specified in the IPPC 2007 
guidelines 

Point sources (power plants): Point sources (power plants, metallurgy, 

• Data ((ocal ization, emissions) from the chemicals, cement production, mining etc.): 
database CARMA (Carbon Monitoring • Localization of point emission sources 
and Action, http://carma.org) using GoogleEartb; activity data using 

• Emissions from cement production not disaggregation algorithms from the 
considered lowest as possible level of statistical data 

• Non-land fossil fuel CO2 emissions (plant, municipality, region, national 
(marine and aviation) included in the land scale) 
emission estimates • Emissions from cement production are 

considered . Non-land fossil fuel CO2 emissions 
(marine and aviation) are not included in 
the emission estimates 

Non-point sources (industrial, residential , Non-point sources (area-type sources for 

commercial sections, and daily transportati industrial , residential, commercial , city 

• National emissions approximated by transport, agriculture, waste, LULUCF sec 
subtracting the emissions of point sources line-type sources for road and railway 
from the national total emissions 

• The spatial distribution determined using d transportation ): 

from the satellite nightlight observations • Activity data (and emissions) for each sect 
obtained from the US Air Force Defense ( category of economic activity) are calcula 
Meteorological Satellite Project Operation using disaggregation algorithms from the 
Linescan System (DMSP-OSL) satellites lowest as possible level of statistical data 

(municipality, region, national scale), and 
subtracting the data of point sources; 

• Additional specific regional data are used · 
disaggregation algoritbms, for example, 
energy demand for cooking, water and spa 
heating in households for disaggregation fi 
fuels in the residential sector . Borders of area sources are defined using 
population density map (Gallego, 20 I O), ar 
land cover map (Corine, 2006); line source 
are estimated using national road and railw 
maps 

Finał data integration: Finał data integration: 

• Point sources emissions were placed • Emissions assigned to point sources and 

directly at exact locations using coordinate segments ofline sources are placed 

information available in the CARMA directly at exact locations using 

database coordinates from GoogleEartb and national 

• Total emissions from non-point sources road maps 

were distributed to I km x I km pixels • Emissions from area-type sources are 



according to the distribution of nightlight 
radiance 

placed at corresponding polygons with 
spatial resolution I OOm, using land cover 
map 

• Spatially resolved total greenbouse gas 
emissions point-, line-, and area-type 
sources are obtained for the 2 km x 2 km 
grid. Each cell contains information about 
emissions from all sectors/subsectors as 
well as total emissions, separately for each 
greenbouse gas as well as total in C02-
equivalent 

2.3 Quantitative comparison of emission maps 

In order to perform a quantitative comparison, the ODIAC I km x I km map has been 

adjusted to the 2km grid used in GESAPU calculations. The considered 2km grid for the 

territory of Poland comprises 79 098 grid cells. The resulting differences between the two 

assessments are presented in Figure 3, and further analyzed in a histogram and a boxplot in 

Figure 4. The maps showed good agreement, with the majority of differences (over 70 OOO) 

being close to O. From the histogram it can be noticed that there are more differences below O 

(over 50 OOO) than above O (over 20 OOO), meaning that the ODIAC assessment tends to report 

slightly higher values. 
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Figure 3. The difference between GESAPU and ODIAC C02 emissions [Gg C02] 
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Figure 5. Histogram ofCO2 emissions in both inventories 

The histograms in Figure 5 reveal that huge amount of observations (over 60 OOO) is 

below 50Gg, and only the remainder (approx. 400 for ODIAC and 250 for GESAPU) 

represent higb values up to 20 000Gg, apparently corresponding to point emission sources. 

From the scatterplots in Figure 6, particularly the right one of values up to lO0Gg, it can be 

seen that the agreement among the two inventories is somehow limited. One can partly 

attribute this fact to the issue oftransformation ofODIAC map from 1km to 2km resolution. 

This can be seen in maps for Warsaw agglomeration (Figure 7) and the Silesia region 

(Figure 8), where the agreement of the GESAPU results with the original 1km ODIAC map is 

visibly much better than with the adjusted 2km map. Also, note the misallocation of point 

emission sources in the Warsaw map of ODIAC database. In terms of precise location of 

power and electricity stations, the GESAPU study seems to provide more reliable 

information. 
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Figure 6. Scatterplot ofC02 emission values [Gg C02] 
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Figure 7. Fossil fuel C02 emissions in Warsaw agglomeration and its surroundings 
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3. Concluding remarks 

A review of available approaches to assimilation of independent emission assessments has 

been provided. Four groups ofmethods have been identified, and their basie paradigrns and 

principles have been reviewed. These are: the satellite observations of nighttime lights, the 

observations of 14CO2 mixing ratios, the inversion of atmospheric measurements, and the flux 

tower observations. An analysis of independent sources of information revealed that, at the 

present state of availability of observations, only satellite observations of nighttime lights can 

be readily used for an independent emission assessment ofvery high resolution inventory, like 

the one developed for Poland within the GESAPU project. Such data has been received from 

the ODIAC project. They have been used for a comparison, both in a qualitative and 

quantitative manner. Regardless of many identified differences in assumptions taken in both 

methods, a good match was obtained for about 90% of around 80 OOO grid cells. The major 

differences were mainly due to misallocation ofsome high point sources in the ODIAC data, 

and due to errors caused by a mismatch in overlay ofboth maps. 
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