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Extended Abstract 
 
The availability of activity data often constrains the ability of a compiler to conduct a high 
quality GHG inventory.  Sources of existing data or collection of new data may originate from 
a census, survey, or expert judgement (Goodwin et al. 2006).  A census is a full accounting of 
an activity through data collection from the entire population of interest, such as a 
questionnaire to all farmers, or a map of land use derived from remote sensing imagery.  In 
theory, a census has no uncertainty because there is a complete representation of the activity 
in the data collected through a census. However, in practice, a census can have some 
uncertainty because of non-responses from a subset of the population.  For example, some 
farmers may not return the questionnaire, or clouds may lead to gaps in data on a remote 
sensing image.  An example of census that is used in a national greenhouse gas inventory is the 
U.S. National Land Cover Dataset (Homer et al. 2015, US-EPA 2018), which provides 
information on land use for estimating emissions and removals associated with terrestrial 
carbon pools (US-EPA 2018). 
A survey differs from a census by limiting the collection of data to a sample of the population.  
For example, a questionnaire may be sent to a subset of the farmers, or remote sensing data 
may be collected from sample locations to classify land use.  A survey requires a randomized 
sampling of the population in order to produce unbiased estimates of the activity.  The results 
do have some uncertainty that can be quantified based on the survey design (Särndal et al. 
1992).  A key advantage of a survey compared to a census is that a survey requires fewer 
resources because data are only collected from a subset of the population.  An example of a 
survey that is used in conducting a national GHG inventory is the U.S. National Resources 
Inventory (Nusser and Goebel 1992), which is used to estimate soil C stock changes in 
agricultural lands (Ogle et al. 2010, US-EPA 2018).   
‘Crowdsourcing’ activity data is another option for data collection (Yu et al. 2017, See et al. 
2015), and this approach is emerging as a way to reduce resource needs associated with data 
collection.  ‘Crowdsourcing’ data can be done in way that follows the design of census with 
data collection from the entire population, or the design of a survey with data collection from 
a sample of the population.  However, data collection may not meet the standards for either 
approach, which could lead to biases in results.  Consequently, inventory compilers must 
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evaluate the data collection approach in order to address potential biases in data that originates 
from ‘crowdsourcing’.   
Expert judgement is also option for collecting activity data (Goodwin et al. 2006).  Experts can 
be interviewed or given a questionnaire in which they provide knowledge about practices or 
activities in a country.  For example, Maia et al. (2010) used expert judgement on crop 
management to determine changes in mineral soil C stocks for the lower Amazon Basin of 
Brazil.  While this is not a preferred method for activity data collection, it is better to use expert 
judgement to estimate GHG emissions for a GHG emission or removal source category, rather 
than have no information about the category.  Furthermore, data can be collected through a 
census or survey in the future if the source category is identified as a key category.  Note that 
key categories are sources of emissions or removals that dominate the level or trend in a 
national GHG inventory, and are typically given higher priority for improvements in a future 
inventory.  
 

 
Figure 1. Mineral nitrogen fertilization rates for the conterminous United States in 2012. 
 
All source categories of emissions or removals have a minimum set of activity data for the 
simplest methods, i.e., Tier 1 methods, which can be used to compile a national GHG inventory 
(IPCC 2006).  For soil nitrous oxide (N2O) emissions, these data requirements include the 
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amount of mineral and organic N fertilization, amount of N returned to soils in crops residues, 
amount of soil C losses, and area of drained organic soils (de Klein et al. 2006).  National 
datasets are often available that meet the basic data requirements.  For example, data are 
collected in the United States on mineral fertilization rates by the US Department of 
Agriculture that meet the minimum requirements (Figure 1) (USDA-ERS 2015).  
 
Activity data may also be available from international sources if there are not reliable national 
datasets.  For example, the UN Food and Agriculture organization collects data on fertilization 
practices that can be used to estimate emissions of soil N2O (UN-FAO 2019; Tubiello et al. 
2015). 
More advanced methods often incorporate other practices that influence emission rates, which, 
in turn, reduces uncertainty in the emission estimates.  For soil N2O, advanced methods may 
incorporate process-based models such as DayCent (Parton et al. 1998; Del Grosso et al. 2001) 
and DNDC (Li et al. 1992), which are able to simulate a broader suite of management impacts 
on soil N2O emissions.  These types of models can also address interactions between C and N 
cycling in which a practice has a direct impact on the C cycle, such as changes in CO2 uptake 
through photosynthesis, but through the level of plant growth also has an impact on N cycling 
and N2O emissions.  An example of a Tier 3 method that is used in a national inventory is the 
DayCent ecosystem model.  This model is used to estimate soil N2O emissions from 
agricultural land in the United States (Figure 2) (US-EPA 2018).  
 
 

 
Figure 2. Soil N2O emissions from croplands in the United States that has been estimated with 
the DayCent ecosystem model (US-EPA 2018). 
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Advanced methods may also be based on empirical models, such as non-linear response 
functions that capture higher rates of N2O emissions with increasing amounts of N fertilization 
(Shcherbak et al. 2014; Scheer et al. 2016).  For soil N2O, other practices can also be represented 
with more advanced methods, such as the influence of no-till management (van Kessel et al. 
2013), and the impact of enhanced efficiency fertilizers (Akiyama et al. 2010). 
Another key issue with activity data are potential gaps in a time series.  In the IPCC guidelines, 
it is recommended that inventory compilers fill these gaps with data splicing or imputation 
methods (Irving et al. 2006).  It is important that gaps in the time series are filled with 
representative values so that the resulting inventory is as accurate as feasible. Imputation 
methods can be as simple as using values from the nearest neighbor to fill-in the missing data, 
or as complex as using methods such as hot deck imputations and artificial neural networks. 
The main objective in conducting a greenhouse gas inventory is to produce results that are 
reliable and credible for developing policy and management plans.  While emission factors are 
critical for a GHG inventory, and should not be overlooked in developing an inventory, 
limitations associated with activity data are a key dependency to compiling an inventory that is 
reliable and credible.  Therefore, countries need to ensure unbiased data are collected on a 
regular basis through a census or survey, or expert judgement, in order to take appropriate 
actions associated with limiting anthropogenic impacts on the climate system.   
 
 
Acknowledgements:  
Accreditation: This paper was given at the workshop on Climate Change, Reactive Nitrogen, Food 
Security and Sustainable Agriculture which took place in Garmisch-Partenkirchen, Germany, on 
15-16 April 2019, and which was sponsored by the OECD Co-operative Research Programme: 
Biological Resource Management for Sustainable Agricultural Systems whose financial support 
made it possible for the author to participate in the workshop. 
 
OECD disclaimer 
The opinions expressed and arguments employed in this paper are the sole responsibility of the 
authors and do not necessarily reflect those of the OECD or of the governments of its Member 
countries. 
 
References  
 
Akiyama, H., Yan, X., Kazuyuki, Y. (2010) Evaluation of effectiveness of enhanced-efficiency 
fertilizers as a mitigation options for N2O and NO emissions from agricultural soils: meta-
analysis. Global Change Biology 16:1837-1846. 
De Klein, C., Novoa, R.S.A., Ogle, S., Smith, K.A., Rochette, P., Wirth, T.C., McConkey, B.G., 
Mosier, A., Rypdal, K., Walsh, M., Williams, S.A. (2006).  N2O emissions from managed soils, 
and CO2 emissions from lime and urea application. In: 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories (eds., Eggleston, H.S., Buendia, L., Miwa, K., Ngara, T. and Tanabe, 
K.), IGES, Japan. 



Proceedings of the workshop on “Climate change, reactive nitrogen, food security and sustainable agriculture” 
15-16 April, 2019 Garmisch-Partenkirchen, Germany 

 

 

                                                                          
 

Del Grosso, S.J., Parton, W.J., Mosier, A.R., Hartman, M.D., Brenner, J., Ojima, D.S., and 
Schimel. D.S. (2001) Simulated Interaction of Carbon Dynamics and Nitrogen Trace Gas Fluxes 
Using the DAYCENT Model. In Modeling Carbon and Nitrogen Dynamics for Soil 
Management (eds., Schaffer, M., Ma, L., Hansen, S.), CRC Press. Boca Raton, Florida. 303-332. 

Goodwin, J, Woodfield, M., Ibnoaf, M. Koch, M., Yan, H., Frey, C., Montegomery, R., Pulles, T., 
Schaeffer, D.O. and Treanton, K. (2006).  Approaches to data collection. In: 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories (eds., Eggleston, H.S., Buendia, L., Miwa, 
K., Ngara, T. and Tanabe, K.), IGES, Japan. 

Homer, C.G., Dewitz, J.A., Yang, L., Jin, S., Danielson, P., Xian, G., Coulston, J., Herold, N.D., 
Wickham, J.D., and Megown, K. (2015) Completion of the 2011 National Land Cover Database 
for the conterminous United States-Representing a decade of land cover change information. 
Photogrammetric Engineering and Remote Sensing, v. 81, no. 5, p. 345-354. 

IPCC (2006) 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Prepared by the 
National Greenhouse Gas Inventories Programme, Eggleston, H.S., Buendia, L., Miwa, K., 
Ngara, T. and Tanabe, K. (eds). Published: IGES, Japan. 

Irving, W., Nakane, H., Villarin, J.R.T., Bubniene, R. (2006).  Time series consistency. In: 2006 
IPCC Guidelines for National Greenhouse Gas Inventories (eds., Eggleston, H.S., Buendia, L., 
Miwa, K., Ngara, T. and Tanabe, K.), IGES, Japan. 

Li, C., Frolking, S., Frolking, T.A. (1992) A model of N2O evolution from soil driven by rainfall 
events: 1. Model structure and sensitivity. Journal of Geophysical Research 97: 9759-9776. 

Maia, S.M.F., S.M. Ogle, C.E.P. Cerri, C.C. Cerri. 2010. Soil organic carbon stock change due to 
land use activity along the agricultural frontier of the southwestern Amazon, Brazil between 1970 
and 2002. Global Change Biology 16:2775-2788. 

Nusser, S.M. and Goebel, J.J. (1997) The national resources inventory: a long-term multi-resource 
monitoring programme. Environmental and Ecological Statistics 4:181-204. 

Ogle, S.M., F.J. Breidt, M. Easter, S. Williams, K. Killian, and K. Paustian (2010) Scale and 
uncertainty in modeled soil organic carbon stock changes for U.S. croplands using a process-
based model. Global Change Biology 16:810-820. 

Parton, W.J., Hartman, M.D., Ojima, D.S., and Schimel, D.S. (1998) DAYCENT: Its Land 
Surface Submodel: Description and Testing. Glob. Planet. Chang. 19: 35-48. 

Rypdal, K., Paciornik, N., Eggleston, S., Goodwin, J., Irving, W., Penman, J., and Woodfield, M. 
(2006).  Introduction to the 2006 guidelines. In: 2006 IPCC Guidelines for National Greenhouse 
Gas Inventories (eds., Eggleston, H.S., Buendia, L., Miwa, K., Ngara, T. and Tanabe, K.), IGES, 
Japan. 



Proceedings of the workshop on “Climate change, reactive nitrogen, food security and sustainable agriculture” 
15-16 April, 2019 Garmisch-Partenkirchen, Germany 

 

 

                                                                          
 

Särndal, C.-E., Swensson, B & Wertman, J. (1992) Model assisted survey sampling. Springer-
Verlag, Springer Series. 

Scheer, C., Rowlings, D.W., Grace, P.R. (2016) Non-linear response of soil N2O emissions to 
nitrogen fertiliser in a cotton-fallow rotation in sub-tropical Australia. Soil Research 54: 494-499. 

See, L., Fritz, S., You, L., Ramankutty, N., Herrero, M., Justice, C., Becker-Reshef, I., Thornton, 
P., Erb, K., Gong, P., Tang, H., van der Velde, M., Erisksen, P., McCallum, I., Kraxner, F., 
Obersteiner, M. (2015) Improved global cropland data as an essential ingredient for food security. 
Global Food Security 4: 37-45. 

Shcherbak, I., Millar, N., and Robertson, G.P. (2014) Global metaanalysis of the nonlinear 
response of soil nitrous oxide (N2O) emissions to fertilizer nitrogen. Proceedings of the National 
Academy of Sciences 111: 9199-9204. 

Tubiello, F.N., Salvatore, M., Ferrara, A.F., Rossi, S., Biancalani, R., Condor Golec, R.D., 
Federici, S., Jacobs, H., Flammini, A., Prosperi, P., Cardenas, P., Schmidhuber, J., Sanz Sanchez, 
M.J., Smith, P., House, J., Srivastava, N. (2015) The Contribution of Agriculture, Forestry and 
other Land Use activities to Global Warming, 1990-2012: Not as high as in the past. Global 
Change Biology 21:2655-2660. 

UN-FAO (2019) Food and agriculture data. Food and Agriculture Organization of the United 
Nations, http://www.fao.org/faostat/en/#home 

USDA-ERS (2015) Agricultural Resource Management Survey (ARMS) Farm Financial and Crop 
Production Practices: Tailored Reports. United States Department of Agriculture, Available 
online at: <https://www.ers.usda.gov/data-products/arms-farm-financial-and-crop-production-
practices/>. 

US-EPA (2018) Inventory of greenhouse gas emissions and sinks: 1990-2016. United States 
Environmental Protection Agency, EPA 430-R-18-003, Washington, D.C. 

Van Kessel, C., Venterea, R., Six, J., Adviento-Borbe, M.A., Linquist, B., van Groenigen, K.J. 
(2013) Climate, duration, and N placement determine N2O emission in reduce tillage systems: a 
meta-analysis. Global Change Biology 19: 33-44. 

Yu, Q., Shi, Y., Tang, H., Yang, P., Xie, A., Liu, B., Wu, W. (2017) eFarm: A tool for better 
observing agricultural land systems. Sensors 17:453 

 


