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Summary of project objectives  
(10 lines max) 

The Lagrangian particle dispersion model FLEXPART is run on ECMWF data to explore the 

transport and dispersion of various atmospheric constituents from greenhouse gases, aerosols like 

black carbon to volcanic ash released during eruptions. The model is used with various inversion 

techniques to infer emission estimates of many atmospheric compounds. This helps improving 

transport simulations of these substances and to understand their contribution and effects on the 

climate system. 
 

 

 

Summary of problems encountered (if any) 
(20 lines max) 

…………………………………………………………………………………………………………… 

 

 
 

 

 

Summary of results of the current year (from July of previous year to June of current 

year) 

This section should comprise 1 to 8 pages and can be replaced by a short summary plus an existing 

scientific report on the project 

 

4 main topics within our research have used and analysed ECMWF data in the previous year: 

 

1. Using ECMWF fields to identify source term of Chernobyl 30 years after 

2. Inverse modelling of methane in the northern high latitudes 

3. Comparison between FLEXPART-NorESM/CAM and FLEXPART-ECMWF 

4. Examining release of methane from Arctic sea bed west of Svalbard during summer 2014 
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1) Using ECMWF fields to identify source term of Chernobyl 30 years after 

 

N. Evangeliou 

 

We used the Lagrangian particle dispersion model FLEXPART (Stohl et al., 1998; Stohl et al., 2005) to simulate transport 

and deposition of radionuclides. The model was originally developed for calculating the dispersion of radioactive material 

from nuclear emergencies, but has since been used for many other applications as well. Nuclear emergency applications 

include simulations of the transport of radioactive materials from NPPs and other facilities (Andreev et al., 1998; Wotawa 

et al., 2010) or from nuclear bomb tests (Becker et al., 2010). FLEXPART is also operationally used at the CTBTO 

(Comprehensive Nuclear Test Ban Treaty Organisation) for atmospheric backtracking and at the Central Institute for 

Meteorology and Geodynamics of Austria for emergency response. 

 

We used ERA-40, which is an ECMWF re-analysis of the global atmosphere and surface conditions for 45-years (1957–

2002) at a 125 km resolution (ECMWF, 2016a). Furthermore, we used ERA-Interim, which is a global atmospheric 

reanalysis from 1979, continuously updated in real time. The system includes a 4-dimensional variational analysis (4D-

Var) with a 12-hour analysis window. The spatial resolution of the data set is approximately 80 km on 60 vertical levels 

from the surface up to 0.1 hPa (ECMWF, 2016b). 

 

The different wind fields give a complete different shape of deposition (Fig. 1) that affects the inversion substantially. 

Therefore, it was decided that both winds would be used for the inversion. The study is still ongoing in the frame of the 

project STRADI (Source-Term Determination of Radionuclide Releases by Inverse Atmospheric Dispersion Modelling) of 

the Czech-Norwegian Research Programme (project ID: 7F14287). 
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Fig. 1. Total deposition of 137Cs after the Chernobyl accident using ERA-40 and ERA-interim winds from ECMWF. 
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2) Inverse modelling of methane in the northern high latitudes 

 

 

R. L. Thompson 

http://apps.ecmwf.int/datasets/data/era40-daily/levtype=sfc/
http://apps.ecmwf.int/datasets/data/interim-full-daily/levtype=sfc/
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Methane (CH4) is the second most important anthropogenic greenhouse gas after CO2. Atmospheric CH4 increased from 

pre-industrial concentrations of around 722 ppb (parts-per-billion) to 1773 ppb in the late 1990s and then remained 

approximately stable until the mid 2000s. However, since 2007 atmospheric CH4 has begun to increase again. The reasons 

for the stabilization and subsequent increase are likely to be a combination of changes in anthropogenic emissions such as 

from fossil fuels, as well as natural wetland sources. Moreover, anomalously high temperatures in the Arctic in 2007 are 

thought to have resulted in higher emissions and also to have contributed the high growth rate of CH4 in the same year 

(Dlugokencky et al. 2009; Bousquet et al. 2011; Rigby et al. 2008). In recent decades, the high latitudes have warmed 

substantially with temperatures in the Arctic increasing at an average rate of 0.38°C per decade (Chylek et al. 2009) and the 

changing climate may have a considerable impact on CH4 sources (Bridgham et al. 2013).  

 

We have estimated CH4 fluxes for the high northern latitudes (>50°N) from 2005 to 2013 using a Bayesian atmospheric 

inversion (Thompson and Stohl, 2014). The inversion incorporates observations from 17 in-situ and 5 discrete-sample sites 

across northern North America and northern Eurasia. Atmospheric transport is based on the Lagrangian particle dispersion 

model, FLEXPART, run with ECMWF Era-interim (EI) meteorological analyses. EI data was chosen over the higher 

resolution operational data owing to its long-term consistency. Emissions were optimized monthly and on a spatial grid of 

variable resolution (from 1°×1° to 8°×8°). Background concentrations were estimated by coupling FLEXPART to monthly 

global 2-D fields of CH4 concentration from a bivariate interpolation of smoothed data from the NOAA ESRL network.  

 

Our inversion finds a CH4 source from the high northern latitudes of 80.9 to  

82.5 Tg y-1, constituting ~15% of the global total. For northern North America, we estimate a mean source of 16.6 to 17.9 

Tg y-1, which is dominated by fluxes in the Hudson Bay Lowlands and western Canada, specifically, the region of Alberta. 

For northern Eurasia, we find a mean source of 52.2 to 55.5 Tg y-1, with a strong contribution from fluxes in the Western 

Siberian Lowlands for which we estimate a source of 19.3 to 19.9 Tg y-1. Over the 9-year inversion period, we find significant 

year-to-year variations in the fluxes, which in northern North America and, specifically, in the Hudson Bay Lowlands 

appears to be driven at least in part by soil temperature, while in the Western Siberian Lowlands, the variability is more 

dependent on soil moisture. 

 

Figure 1: Monthly area integrated fluxes (units Tg CH4 y-1) for northern North America and North Eurasia (both for the 

region north of 50°N). Shown are the results for three case studies, S1 and S2 use different prior fluxes, while S3 is uses a 

subset of the observations, which are quasi-continuous throughout the inversion period. 
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3) Comparison between FLEXPART-NorESM/CAM and FLEXPART-ECMW 

 

M. Cassiani 

 

Cassiani et al. (2016) presented a comparison between FLEXPART-NorESM/CAM and FLEXPART-ECMWF driven by 

ERA-Interim meteorology. This test also compares indirectly the climatologies of meteorological variables in NorESM 

(Norwegian Earth System Model) and ERA-Interim that are important for driving FLEXPART. The comparison 

considered one of the most common applications of global-scale Lagrangian particle models, the modelling of 

retroplumes. The figure below show the results obtained for the conserved tracer and for four stations at polar latitudes for 

JJA. The patterns for the averaged residence time of all the stations are very similar between FLEXPART-ECMWF and 

FLEXPART-NorESM/CAM, with extremely consistent differences between release locations. 

  
Figure.  Conserved tracer averaged residence time in the lowest 1 km of the atmosphere for 21-days retroplume, for four 

observatories: Alert (ALE), Summit (SUM), Birkenes (BIR) and Troll (TRO).  Results are averaged over five years (1995-

2000) for the months JJA. The values are expressed as the logarithm (base 10) of the residence time in seconds divided for 

the surface of the grid cell in km2.  
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4) Extensive release of methane from Arctic sea bed west of Svalbard during summer 2014 

 

I. Pisso 

 

Methane stored in the seabed in the form of hydrates can decompose in a warming ocean and has the potential to reach 

the atmosphere in bubbles or through flux of CH4 dissolved in the ocean water. To assess the atmospheric impact of 

oceanic emissions from the area west of Svalbard we utilized a set of measurements collected with a research aircraft, a 

ship and at the Zeppelin Observatory and flexpart to identify potential CH4 emission areas. We found small differences 

between the CH4 mixing ratios measured upwind and downwind of the potential emission areas during the campaign, 

suggesting that oceanic CH4 emissions produce, at most, modest atmospheric signals in this case study. By taking into 

account measurement and sampling uncertainties and by determining the sensitivity of the measured mixing ratios to 

potential oceanic emissions, we provide quantitative upper limits for the CH4 fluxes in the potential emission areas. 
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Summary of plans  for the continuation of the project  
(10 lines max) 

ECMWF data will be continued to be used within the various inversion frameworks for estimating 

greenhouse gas emissions, radionuclide emissions and volcanic emissions, and subsequent 

FLEXPART transport simulations using the inverted sources.  

 

 


