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Summary [Köchy]


Introduction
General [Ciais]
The assessment of the continental balance of Greenhouse Gases is indispensible for future efforts to understand the human impact on the atmospheric composition and the environment. As CO2 emitted from carbon fuels is the major driver for the changing CO2 levels in the atmosphere, the evaluation of its currently available fine-grained emission maps of GHGs is thus crucial task.

Maps of fossil fuel emissions provide the background for monitoring changes.
Due to its history, the current global observation network is heterogeneous in space, time, subject (observed variables), and methods. It is funded by a multitude of organizations, institutions, and countries.

The IGOS carbon report addressed the heterogeneity and called for a harmonization of methods, data access, definition of measurement and model accuracies, and definition of target granularity (detail) of data for inventories, observations, and models. The report calls for the mapping of fossil fuel and bio-fuel CO2 sources (fluxes?) at 10 km resolution including 3-hourly variability to account for their flux from the surface to the atmosphere. In addition, models for the extrapolation from point sources to spatial coverage of fluxes are required.
Methods for spatial mapping [Marland]
Data on emissions of CO2 from fossil fuels (coal, oil, and natural gas) are generally estimates calculated from the rate of fuel consumption. At the national level, this frequently means “apparent consumption”, where apparent consumption is (primary production) + (imports) – (exports) – (net changes of fuel in storage) – (fuel loadings for international transport), and all adjusted to recognize that fuels consumed are not necessarily immediately oxidized. Conversion from the conventional units of fuel production and trade to carbon content relies on the strong correlation between heating value and carbon content. The data most commonly available on fuel consumption are at the level of countries and years, although some countries collect energy data at the level of states and months. Globally these emissions now amount to 8.5 billion metric tons of carbon per year (2008). Dealing with the global distribution of emissions is facilitated by the fact that 67% of all emissions occur within 10 countries, 80% within 20 countries, and 94% within 50 countries. The overwhelming majority of emissions occur in the Northern Hemisphere. 
Describing how emissions are distributed within countries and years encounters many challenges for both the spatial and temporal components. Per capita emissions vary widely both among countries and within countries (a factor of 10 among states in the US). The sectoral distribution also differs widely among countries and within countries (for example utilities contribute 49% of emissions from China but only 18% from Sweden). Large point sources can be identified in space but can have large variation over short time spans. Emissions rates from Canada vary by over 30% from summer to winter. Nearly 6% of estimated CO2 releases globally from hydrocarbon products are from non-fuel uses such as solvents and lubricants - and this value can be much higher in some countries. An estimated 3 % of global emissions are from fuels used for international transport and are not accounted for by any country. Consideration of the spatial distribution of emissions needs to acknowledge that emissions vary in essentially a 3-dimensional space as a result of rising plumes from hot gas emissions and emissions from aircraft.
Estimates of emissions from fossil-fuel use, even at the national level, have higher uncertainty than is often appreciated. We can get a feel for the magnitude of uncertainty by comparing estimates by independent methods (there are a number of places where emissions are physically measured at the point of discharge), comparing estimates by different analysts, and comparing estimates by the same analyst over time (i.e. revisions in estimates over time). Pursuing estimates of emissions at fine temporal and spatial scales is a challenging exercise.

In this paper, we review the existing approaches to fine-grained mapping of fossil and bio-fuel emissions at the global scale. The focus of the review is on the uncertainty involved in the methods and resulting products (maps). We also suggest ways to improve international efforts for reducing uncertainty in global fuel emission maps. 
Uncertainty in available global maps
Definitions: What is uncertainty? [Freibauer]
IPCC definition, adopted by UNFCCC: transparency, consistency, comparability, completeness, accuracy. We apply these concepts in this review. 
In the context of the UNFCCC reporting guidelines the terms transparency, consistency, comparability, completeness and accuracy are defined as follows:
Transparency means that the assumptions and methodologies used for an inventory should be clearly explained to facilitate replication and assessment of the inventory by users of the reported information. The transparency of inventories is fundamental to the success of the process for the communication and consideration of information;
Consistency means that an inventory should be internally consistent in all its elements with inventories of other years. An inventory is consistent if the same methodologies are used for the base and all subsequent years and if consistent data sets are used to estimate emissions or removals from sources or sinks;
Comparability means that estimates of emissions and removals reported by Parties in inventories should be comparable among Parties. For this purpose, Parties should use the
2methodologies and formats agreed by the COP for estimating and reporting inventories. The allocation of different source/sink categories should follow the split of the IPCC Guidelines, at the level of its summary and sectoral tables;
Completeness means that an inventory covers all sources and sinks, as well as all gases, included in the IPCC Guidelines as well as other existing relevant source/sink categories which are specific to individual Parties and, therefore, may not be included in the IPCC Guidelines. Completeness also means full geographic coverage of sources and sinks of a Party; and
Accuracy is a relative measure of the exactness of an emission or removal estimate. Estimates should be accurate in the sense that they are systematically neither over nor under true emissions or removals, as far as can be judged, and that uncertainties are reduced as far as practicable. Appropriate methodologies should be used, in accordance with the IPCC good practice guidance, to promote accuracy in inventories. (Todorova et al., http://www.epa.gov/ttn/chief/conference/ei12/poster/todorova.pdf)	Comment by Martin Köchy: what is the original reference?

Available data bases, characterization  [Köchy]
EDGAR 4.0
BP*
IEA CO2 book part 3*
CDIAC CO2 from fossil fuel
EIA CO2 from EIA fossil fuel*
NIES
FFDAS
Methodology, spatial/temporal grain, uncertainty assessment, accessibility.

Detailed example: EDGAR [Olivier]
The EDGAR 4.0 database provides globally gridded statistics on emission of 24 greenhouse gases using emission factors from the 2006 IPCC guidelines. The finest resolution of the database is 0.1°. Data are reported from 1970 up to and including 2005. It also provides statistics aggregated in space and by industrial sector. The database is using the concept of activity data multiplied by emission factors attributed to locations including sub-annual variation. It accounts for technological efficiency and end-of-pipe recovery. National statistics of activity are scaled down directly or by proxies to a 0.1° grid. To this are added emissions from point sources; road emissions (as a function of population density), emissions along international shipping routes, aircraft routes at 1 km altitude bands, emissions from residential services (as a function of population density), and other maps for grassland and forest fires.
Uncertainty of activity data correlates with the size of a country and activity of a sector. Fortunately, more developed countries (with larger emissions) have a better national statistic checks. The accuracy of the data depends on the appropriateness of the proxy used for downscaling, treatment of border cells, changes in the territories of countries, and different behaviour of emission compounds from one source type (e.g. CO and CO2 from cars). In the application of the database large sources of error can arise from using data outside their range of validity (e.g. to other years) due to temporal variation, switching on or off of point sources, and existing climate gradients within countries that have effects on proxies used.

Issues in using urbanity as a proxy [DHAKAL]
The role of urban areas, through the urban population, is very important for carbon discourse because almost all future global population growth comes from increase in urban population. From 3.16 bn and 6.5billion urban and global population in 2005, they are expected to reach 4.9 and 8.2 billion respectively in 2030. This amounts to a net increase of urban population by 1.8 billion by 2030 and 3.2 billion by 2050. Urban area makes only 2.2% of global land. Thus, the implications for CO2 emission are huge since the majority of this urban population growth takes place in the developing countries where per capita urban energy use are expected to increase dramatically together compounded by the slow pace of penetration of the carbon friendly fuels. 

A recent estimation by IEA city energy modeling group (to which this author was a member) shows that the urban areas had contributed to 67% and 71% of the global primary energy and the global energy related CO2 emissions respectively. The urban areas are projected to contribute 76% of CO2 emissions by 2030. This amounts to a net increase by 11 GtC from 2006 level of 19.8 GtC. This is 87% of total global CO2 increase (12.6 GtC) in the period. 89% of this increase in urban CO2 emissions in this period will come from urbanization in the non-OECD countries despite having per capita CO2 emissions of non-OECD countries far less than that of the OECD countries. OCED cities have contributed little over 50% in global cities’ emissions in 2006 which is likely to fall around 33% by the 2030. In regional context, the studies done for China, USA and Europe shows that the urban areas contribute 85%, 80% and 69% of energy related CO2 emissions respectively in the 2006. However, this is subject to change depending on the urban definitions. For example, a study has shown that 76% of the direct final energy consumption occurs in “the census urban area” in US while 59% occurs in “urbanized areas” and 17% in “urban clusters”. 

Other than CO2, urban area’s global, regional and national GHG contributions are yet unknown. One of the published study mentioned urban area’s global methane contribution to the order of 7-14% but this was a global extrapolation of a research carried out in Southern California taking the same correlation coefficient between methane and CO2 emissions. However, it is likely that a less share of total GHGs are generated within city boundaries than energy related CO2, as estimated in the IEA study. This is because land use accounts about 15% of global CO2 emissions (which takes place outside of cities) and the share of urban areas in the global methane, the second most important GHGs, is expected smaller. Again, such consideration is subject to change depending on the system boundary of urban areas. For example, if GHGs are attributed to consumptions side, instead of production side, urban contribution would be far greater. The commonly used UN urban population embodies massive variations in the definition of urban population because UN collects urban population data without considering how each country defines urban. For e.g. India classifies settlements with under 5,000 inhabitants as rural village and Egypt does not classify settlement size under 20,000 as urban while Sweden refers urban as a settlement of more than 200 inhabitants. Other studies have shown that global urban population of UN, in global aggregated form, is similar to other estimations using a common-standard-definition of urban (formulated based on number of parameters) except for wide gaps in the regional and national figures. The point to be made and to be understood here is, the lower threshold of the urban definition has potentials to swing the global urbanization levels and thus the estimates of the urban energy and urban carbon.
[image: ]
Such definitional problem regarding what is urban and not urban persist at all level including specific cities in question. In addition, a majority of the bottom-up studies on urban carbon emissions are available for the urban administrative boundaries. Often, urban admin boundaries become a small subset of the larger urban agglomeration and we get skewed vision of the urban carbon emissions by taking just a part of urban system. For example, In case of Bangkok City, the industries are on the outer layers of the agglomeration and thus the core CBD (city business districts)’s economic structure, per capita emissions and sectoral contribution becomes different from taking whole agglomeration which encompasses five neighboring provinces but not only Bangkok Metropolitan City. Another key issue in urban carbon studies is their major thrust on the aggregated CO2 emission estimations and analyses at multiple scales. Several aggregated carbon studies over urban administrative boundaries for several cities exists. They are helping us to characterize the urban development pathway classification and their carbon implications but yet such case studies, in terms of city coverage, remain small. At one hand, these are important and necessary and the bigger sample size is increasingly needed. On another hand, increasingly they are becoming insufficient in scope. These studies are essentially aggregated analyses, but not spatially explicit. Therefore, these are not aiding much to help us upscaling the case studies to the level it can feed to the global mapping of CO2. It requires few key scale-free rules for urban CO2 emissions for different urban typologies that can cover globally all cities.

 
Another key issue with bottom-up emissions is the diversity of data and methodologies used in different studies. This leads to error amplification while aggregating. For e.g., activity data are often based on sales, estimated by levels of activities and factors as proxies, scaled from regional and national information, and model etc. For trans-boundary transport such as treatment to aviation, marine and road transport, those vary from city to city. The CO2 estimation methodologically differ in terms of factors such as: gases measured, emission sources covered, sector definitions, scopes of the measurement, global warming potential used, and Tier methods. These limitations need to be understood. 

Therefore, in the context of fine grid- mapping of CO2 emission from energy use, bottom up studies can serve as a very good calibrating agents to improve accuracy of the top-down downscaling of CO2 at finer resolutions. At the same time, if (a) more urban CO2 samples are available, especially at agglomeration level (in addition to admin boundaries) (b) comparable/standardized city carbon inventories can be generated, and (c) few scale free CO2 rules for different urban typologies can be generated, that would greatly compliment creating the fine grid global CO2 maps. For e.g., the Rank-Size Distribution of urban agglomerations and the CO2 patterns could be useful if more samples would be available. 
 
The need for developing fine resolution CO2 maps within cities is becoming important tasks now. This can provide a clear picture of emission hotspots in “large” cities and also create potentials to aid policies, such as, the Cap-and-trade system for CO2 mitigation in commercial sector in Tokyo, better integration and optimization of distributed energy sources in urban energy system (energy demand density), enhancing GHG mitigation efforts of municipal functional units (such as wards), and to initiate dialogue to and optimize the GHGs at whole urban agglomeration involving multiple administrative/political entities. So far, the utility of top-down globally gridded CO2 for local (urban regional) applications is difficult, realistically, and bottom up CO2 maps need to be created. 

The accuracy of downscaled CO2 at fine grid levels are often not accurate. They use global data bases such as the night light intensity from satellite imagery, point-source data, scaled population densities and proxies etc. The density distribution of light is not a good indicator of energy because the sensor saturates at the higher intensity levels and at the same time underreports developing countries’ energy use where lights are less but energy are used instead. For point sources, only the power plant data could be relatively good but not other point-sources such as industries. Again, local policy application warrants the CO2 of electricity to be attributed to consumption side where they have problems. The regional variations (within a nation) in fuel mix are often poorly represented in those downscaling. On top of that, top-down estimations have too coarse grids for local policy applications and carries too much generalization and scaling of national and regional parameters. Scaling with population density or urban extent alone as proxy, is not reliable for CO2. Income, lifestyle, energy mix, climate, intra-urban features such as infrastructure affect CO2 very much. They only provide a Black-Box snapshot and can’t describe the internal dynamics that are locally needed such as CO2’s sectoral structures, fuel mix, inter-urban and intra-urban features, key drivers etc. They also use territorial-principle of accounting (allocation of electricity and heat at point of production) whereas city carbon polices tend to account electricity related CO2 at point of electricity use instead. 

Therefore, top-down mapping and bottom-up (place-based) estimations from urban areas need a better communication and integration. The definitional issues (administrative, agglomeration, territorial, consumption) need a careful consideration at all scales. More urban data and better integrated methods are needed and a new thrust for more urban scale data needed in the future to (a) aid generating global fine-grid CO2 map (b) to calibrate it for accuracy and (c) to possibly use them for meaningful local applications.

Other definition issues 
	fossil fuel, what is included [14C]≈0
	bio fuel, what is included
	non-fuel use of fossil ‘fuel’: cement, peat: discuss the various approaches and consequences of inclusion/omission (see Ciais et al. GCB 2009 paper)
economic sector classification
carbon fuel emissions: what is included: CO2, CO, CH4, NM-VOC
which airplane emissions are included (above, below 1000 m)?
agricultural waste burning (is this covered by COCOS WG on fire?)

Issues in using night light as a proxy [ODA]
A methodology to disaggregate national emissions is using satellite observations of nightlights and a global power plants data for constructing fine-grained gridded inventories. National emissions, which were prepared using the BP statistical review, were disaggregated in two steps: (1) Emissions from power plants were placed to the exact geographical locations the power plant database CARMA indicates and then (2) emissions from other sources (national total emissions minus emissions from power plants) were distributed according to the intensity of nightlights. The resulting inventory was compared to existing inventories based on the disaggregation of national emissions using US 10 km × 10 km Vulcan inventory and showed better agreement in spatial distribution. The inventory named as ODIAC will be incorporated into the models for GOSAT flux inversions.
Improvement of maps by other methodologies
How in-situ measurements complement top-down methods [Vogel/Levin]
[Introductory sentence: why are in-situ measurements necessary?]
In situ measurements in remote and industrially exposed locations are used to assess differences in biogenic and anthropogenic CO2 emissions. Models attribute the difference to biogenic or fossil fuel emissions. While the proportion of biogenic fuel emissions can be detected by using the 14C/12C ratio, 14C measurements are very expensive and cannot be done by the hour. Therefore, CO/CO2 is used as a proxy. This ratio, however, varies by industrial sector. Additional constraints are then used to get the weekly averages right, resulting in a ±25% precision of the proxy compared to the 14C method. The CO-proxy method is validated by measurements at exposed places to get the big numbers right. 
The accuracy of model results could be improved by considering injection heights of power plants. Actual emissions from power plants (plumes) occur at a range of heights but most models consider only injection below or above PBL (planetary boundary layer). Model results could also be improved if more detailed wind data were available and the effect of large buildings and topography were included in regional assessments. Radon tracing would be an additional method to estimate CO2 fluxes under specific circumstances.
Different emission sectors have different emission ratios for other tracers (CO/FFCO2, CH4/FFCO2, N2O/FFCO2) it is presumably possible in the future to also assess the contribution of different emission sectors to the overall in-situ signal, and in an inversion approach also help to pin down the uncertainty of non-CO2 GHGs fluxes due to carbon fuel burning.

The role of models [ODA/Ciais/?]
Oda et al. also presented a recent development of a high resolution global atmospheric tracer transport model. The high resolution transport model based on a fusion on Eulerian global tracer transport model and Lagrangian particle dispersion model. High resolution inventories for fossil fuel CO2 emissions (presented above), terrestrial net ecosystem exchange and ocean exchange were prepared in 1 km × 1 km resolution and were incorporated into the model. The hybrid model enables us to simulate atmospheric transport at high resolution at any location on the Earth. [Focus on the aim of the review: uncertainties]

The role of remote sensing [ODA/NIES?]
Oda et al. also presented a future plan of satellite observation of XCO2 and XCH2 over large point sources (LPS) using GOSAT towards monitoring of GHG emissions using satellite. Since August 2009, GOSAT targeted mode observation over LPS have been conducted. 
[why is it not enough, why do we need bottom-up/top-down approaches at the same time?
what is being measured, spatial, temporal resolution
focus: uncertainty]

Assessing sources of CO2 from 14C measurements [PALSTRA]
14C measurements of CO2 samples from the atmosphere and from flue gas at point sources are used to determine the fossil fuel fraction of these samples. 
If the atmospheric 14C measurements are combined with measured or simulated atmospheric transport tracers, trends in regional atmospheric fossil fuel derived CO2 concentrations and emission fluxes can be quantitatively derived. The obtained data can be used to verify reported (trends in) carbon fuel emissions of regions and/or countries that are based on data statistics like fuel use. The use of the observation-based data in the fine-grained (in time and space) mapping of carbon fuel emissions, however, is limited, due to the relatively fast mixing and transport of emitted CO2 in the atmosphere and due to the lack of sufficient measurement sites and sampling frequency (poor temporal and spatial resolution).
The 14C measurements of flue gas CO2 from point sources (industrial and energy plants) can be very helpful in the fine-grained mapping of carbon fuel emissions, if a distinction has to be made between biogenic (biomass with max. age of approximately 200 years) and fossil fuel derived CO2 emissions. This is especially the case when the composition of the fuel of point sources is an unknown mixture of biogenic and fossil carbon, like waste combusted in waste incineration plants.

Van der Laan et al. (2010) have described the results of CIO-research in which the annual CO2-ff emission rate (in kt km-2 a-1) of the Netherlands has been estimated based on 14C, CO and 222Rn measurements at monitoring station Lutjewad, the Netherlands. As also shown in a previous study (van der Laan et al., 2009), measurements from this monitoring station, which is located in the northern part of the Netherlands, can be used very well to determine annual emission rates of different greenhouse gases for the Netherlands. This is because the most frequent wind direction at the monitoring station is Southwest. With this wind direction the air that passes the monitoring station (a tall tower of 60 meter) has travelled over a major part of the Netherlands and therefore represents an average emission signal of the Netherlands.
To determine the annual CO2-ff emission rate of the Netherlands, first a quasi-continuous site-specific CO2-ff signal (‘CO2-ff excess value’) has been calculated based on 14C measurements of bi-weekly integrated atmospheric CO2 samples from Lutjewad and background site Jungfraujoch, Switzerland and based on continuous CO measurements at Lutjewad. Then a selection of the measurement data was made, according to an event-based approach. In this approach a selection has been made of time periods in which (among some other criteria) no significant vertical mixing has taken place (based on continuous 222Rn measurements and the measured wind speed) and in which the air masses represent Dutch emissions (analysis of trajectories). For the selected time periods, the surface flux of CO2-ff has been calculated using the continuous 222Rn measurement data of Lutjewad and the 222Rn flux method (Levin, 1984; Schmidt et al., 1996 and van der Laan et al., 2009). 
The average observation-based estimate of the annual CO2-ff emission rate of the Netherlands, based on 3 years of observations (2006-2008) is 4.7 ± 1.6 kt km-2 a-1. The Dutch inventories find 4.5 ± 0.2 kt km-2 yr-1 for this same period. The applied method seems to work very well for the Netherlands. The uncertainty is however relatively large and could be reduced if 14C could be measured continuously (like CO and 222Rn), if the number of measurement sites would be increased and the variation in the radon flux would be known (investigated). More research is also needed to investigate the applicability of the method in other countries as well (other geographical situations).
14C method to quantify the bio-fuel fraction of carbon emissions [PALSTRA]
The biogenic (biomass) fraction of CO2 emissions by energy and industrial plants (point sources) can be very well determined based on the 14C content of the flue gas CO2. This is the most specific and direct method if the composition of the combusted fuels is not known exactly. The Centre for Isotope Research has investigated the applicability and the accuracy of the 14C method for the determination of the biogenic CO2 fraction of flue gas (Palstra and Meijer, 2010). We have investigated flue gas CO2 from a power plant with known fossil and biogenic carbon input (5 – 10 % biogenic carbon) and flue gas CO2 from a waste incineration plant with an unknown carbon composition (estimated to be approximately 50%). The 14C based results of the power plant agreed very well with the results based on the fuel/combustion data (within the method uncertainty of ±10% relatively). The average biogenic CO2 fraction of the waste incineration plant, based on 2 days and 11 different observations, was 49±3%.
The 14C method gives reliable results: reproducible and accurate. Even within small sampling periods (45 minutes) and low biogenic carbon fractions (<5%). The method can be applied for all CO2 emissions at point sources irrespective of the combusted fuels and processes. More measurements at different industrial plants are needed to obtain insight in the temporal and spatial variation of bio-fuel CO2 emissions.


Temporal patterns [Thiruchittampalam, Olivier]
Knowing the temporal variation of CO2 emissions over a greater region is important for interpolating point-based flux measurements and spatial and temporal aggregation. Some temporal patterns are obvious: seasonal due to heating, diurnal with two peaks due to commuter traffic; others are irregular and vary by region and among years: traffic and electricity use due to special events (e.g. Olympics), national holidays or industrial work cycles. Fossil fuel use for heating depends on heating degree days, and a country’s use of hydropower or alternative sources; global averages cancel out consumption in northern and southern hemisphere. While annual statistics of industrial fossil fuel emissions are generally available and most industries collect data on a seasonal or quarterly and often even monthly basis, data are collected only rarely in cycles of less than a month. Thus, higher temporal resolution is linked to higher data uncertainty. For a robust application of temporal patterns, multi-cycle observations are required to guard against unusual periods within a cycle. To improve our knowledge about temporal patterns, more emission data should be collected from aviation and shipping (small contribution but quite variable in time) and oil platforms and biofuels (amounts very uncertain). 

From fine-resolution regional assessments to global assessments
Examples from VULCAN for complementing methods and sensitivity analysis [Gurney]
The Vulcan Project (www.purdue.edu/eas/carbon/vulcan/) is a high resolution data product that has quantified fossil fuel CO2 emissions for the contiguous U.S. at spatial scales less than 100 km2 and temporal scales as small as hours. This data product, completed for the year 2002, includes detail on combustion technology and forty-eight fuel types through all sectors of the U.S. economy. The Vulcan inventory is built from the decades of local/regional air pollution monitoring and complements these data with census, traffic, and digital road datasets. The Vulcan inventory is built from decades of local/regional air pollution monitoring and complements these data with census, traffic, and digital road datasets. These datasets are processed by the Vulcan inventory method at both the “native” resolution (geocoded points, county, road, etc) and on a regularized grid to facilitate atmospheric modeling and climate studies. The Vulcan inventory shows close agreement with national-level Department of Energy inventories, in spite of the different approach taken by the DOE to quantify U.S. fossil fuel CO2 emissions.
Given the multitude of datastreams supplied by national agencies under regulatory purview, comprehensive uncertainty analysis is not feasible. Therefore, the project conducted a series of sensitivity uncertainty tests. 
The largest sources of uncertainty (weighted by emission magnitude) are related to three elements of the Vulcan processing: 1) the application of a CO emission factor (necessary to transform CO emissions into fuel burned); 2) estimates of vehicle miles traveled; 3) estimates of power production CO2 emissions. 	Comment by Martin Köchy: expand this topic
[Which methods or insights of VULCAN are applicable to global mapping and uncertainty?]

Examples from CarboEurope [Theloke]
Within the CarboEurope project we developed a model of GHG emissions for Europe with high resolution in vertical, horizontal (10 km × 10 km — 0.01°), and temporal (monthly to daily) dimensions. Yearly national totals (obtained from UNFCCC) allocated to sectors were regionalized by proxy resulting in annual values per grid cell. These were temporally disaggregated by using sector specific time profiles (yearly, weekly, daily) on base of a hourly resolution. The model was subjected to an uncertainty assessment, visual comparisons, and Monte-Carlo analysis in time and space.The new EU FP7 project CARBONES will provide a re-analysis of fossil fuel emissions from 1980–2005 using NFR source categories.	Comment by Martin Köchy: expand this topic
Applying the model to other continents or sub-continental regions requires knowledge of temporal patterns, especially of large countries like the USA and China. For this one would need base temporal profiles that reflect dependencies on temperature, national holidays, and other patterns of fossil fuel use.

Conclusions, What should be improved [Marland (lead) and all others]
	Non-CO2 GHG emissions
	wind and meteorology fields of similar or finer spatial and temporal resolution (1 km, 1 h) as the resultant emissions map
	uniform national statistics and definitions, monthly or quarterly data
	national, regional temporal patterns (involve the public via WWW)
national, regional point source data (involve public via WWW)
	better, more diversified emission factors
	biosphere models should be on similar space and time scales for comparison and attribution of biogenic emissions
	classification of regions by temporal pattern?
Focus on
	largest emittor countries
	annual national totals in general
	most strongly contributing sectors
urban areas, classification of cities
most unknown sources (aviation, shipping, oil platforms/gas flaring (location known, emissions unknown), biofuels in developing countries, land use change emissions, forestry emissions)
comparison of temporal patterns among groups (GCP, EU funding)

international intercomparison of inventories
make end and intermediate products available on CDIAC, JRC, via GENESI-DR
easier access to subsets of huge databases, lots of requests for this, but needs funding, should be a portal function, CDIAC files are good
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