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Why a series of workshops on Arctic and 
high-latitude product evolution and 
validation? 
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Drivers/Context 

 
High-latitudes areas and the Arctic 

are sparsely populated, 
extremely remote, with a 
challenging and harsh 
environment 

These sensitive areas are 
undergoing tremendous changes 
– human access, exploration, 
environmental changes, etc. 

These areas are impacted by the 
mid-latitudes through long-
range transport 

 
 and vice-versa as recently 
published by Mori et al., Nature 
Geosciences 10/2014 (Arctic impact 
on severe mid latitude winters) 

6064 D. Durnford et al.: Long range transport of mercury to the Arctic and across Canada

motion (Almeida et al., 2005). Thus, mercury that is emitted
in one part of the world can eventually be transported to any
other location. Mercury deposition in Arctic Alaska has in-
creased three-fold since the advent of the Industrial Revolu-
tion (Fitzgerald et al., 2005).
In this study, we model the long range transport (LRT)

of mercury to multiple observation stations around the Arc-
tic, as well as to subarctic and midlatitude stations across
Canada. This investigation is a component of the Inter-
national Polar Year (IPY) project, Intercontinental Atmo-
spheric Transport of Anthropogenic Pollutants to the Arctic
(INCATPA). By running our model with global emissions
and with emissions from a specified source region alone,
we are able to estimate source attribution. Previous work
on the long range transport of mercury includes studies on:
trans-Pacific transport (Strode et al., 2008; Radke et al.,
2007; Weiss-Penzias et al., 2006, 2007; Jaffe et al., 2005);
transport within the Arctic (Berg et al, 2008); over Europe
(Ryaboshapko et al., 2007a, b); and in the Northern Hemi-
sphere (Travnikov, 2005). Other relevant studies, including
those by Wang et al. (2009), Shindell et al. (2008), Jiang
et al. (2007), Stohl (2006), and Liang et al. (2004), investi-
gated the long range transport of carbon monoxide and other
gaseous pollutants and/or aerosols. Of the mercury studies,
only the GRAHM, which participated in the Ryaboshapko
et al. (2007a, b) studies, and which is used in this project,
is an online, fully-coupled model, such that the meteorol-
ogy and mercury processes are fully integrated. Our study is
also of interest in that it represents the most extensive study
to date on the transport of mercury both to the Arctic and
across Canada. The study also serves as an evaluation of the
model, particularly in the Arctic. Meteorological and mer-
cury processes are highly heterogeneous. Verification at mul-
tiple sites tests all processes simultaneously. This provides a
large scale view of the model’s performance and aids future
model development. This study focuses on the long range
transport of mercury; deposition will be the focus of a forth-
coming companion paper.
Background information is provided in Sect. 2. In Sect. 3,

we discuss ambient mercury concentrations at individual ver-
ification stations, investigating the behaviour of source attri-
bution. We also investigate preferred mercury transport path-
ways through two-dimensional fields. A Summary is pre-
sented in Sect. 4.

2 Methodology

2.1 Data

2.1.1 Observations

We verified our model’s simulation of surface-level atmo-
spheric mercury concentrations against observations at 17
stations (Fig. 1, Table 1). In order to highlight latitudinal

BRW

ALT
SND

NYA
AND

AMD

LFL

FCH YGW

RFL EST
BRL BNT

EGB

WBZ

WBT

KEJ

 50° N 

 70° N 

Station groups:
arctic
sub−arctic
midlatitude

Fig. 1. Locations of verification stations. See Table 1 for station
names.

variations in mercury transport, we divided the 17 stations
into three groups: arctic (six stations), subarctic (three sta-
tions) and midlatitude (eight stations). The arctic stations are
situated throughout the Arctic, while the subarctic and mid-
latitude stations are in Canada alone. The stations range in
altitude from sea level to 1.1 km above sea level.
Years with as complete a dataset as possible and close to

2000 or 2005 were chosen for verification; the anthropogenic
emissions used are valid in 2000 and 2005 (see Sect. 2.1.2). It
would be helpful if there were a dataset of mercury observa-
tions from all our stations during a single year, as this would
eliminate meteorological inter-annual variability. Given that
such a dataset does not yet exist, we chose to use multiple
verification stations despite the range of years; evaluating
model performance at multiple locations is highly beneficial
for model development as it tests whether model meteorolog-
ical and chemical processes work equally well under varying
conditions. Furthermore, given the multiple years used, our
statistical results could be interpreted as representing an aver-
age model performance during varying meteorological con-
ditions; different atmospheric conditions occur in different
years. Note that the model performance is always compared
to the year as well as the location of each set of observations.
Observations at all six arctic stations are of GEM. It is

a matter of debate whether the form of mercury measured
by the Tekran 2537 instrument (Swartzendruber et al., 2009)
at the subarctic and midlatitude stations is GEM or total
gaseous mercury (TGM). This debate is unfortunate. We will
arbitrarily label the mercury at the subarctic and midlatitude
stations as TGM. If it actually is GEM that is measured at
these stations, the only consequence to our results would be
that our base run TGM concentrations might occasionally be
elevated with respect to the GEM observations at verification
stations that are close to a local source.

Atmos. Chem. Phys., 10, 6063–6086, 2010 www.atmos-chem-phys.net/10/6063/2010/



Drivers/Context (ii) 

Climate change / Science 
•  A more variable and unpredictable Arctic sea-

ice regime 
•  Accelerating Greenland glaciers, increased 

glacier calving, increased production of ice-
bergs 

•  Improved predictability of Arctic weather and 
climate 

Operational needs 
•  Increased pressure to exploit Arctic natural 

resources (oil and gas, mining, fisheries) 
demanding environmental baseline and 
tactical information 

•  New trans-Arctic shipping highways 
•  Increased demand for Search and Rescue 

operations 
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Some key Historic Events/Milestones: 

•  Space and the Arctic 

•  2009: Stockholm workshop under the auspices of the Swedish 
Presidency of the EU council 

•  2012: Copenhagen workshop under the auspices of the Danish 
Presidency of the EU council 

•  2012: “Space and the Arctic” Joint Communication to EU parliament and 
council 

•  2015: ESA/EC RTD agreement on Arctic programmatic 
coordination (incl. for future H2020 calls) 

Key Events/Milestones (ESA perspective) 



Motivation - interconnections 

Freeze / thawing 

Snow 

Land Surface 
Temperature 

Soil Moisture 

Land Cover 
Methane 

DEM 

Water bodies 

Future Spatial Thaw (source: Canadian Cryosphere Watch) 
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1. Ocean Colour Remote Sensing: background 

!! From Ocean Colour to Marine biomass (chl a) 

Morel and Maritorena, JGR, 2001 

!! Marine biomass and physical coastal processes 

Alaskan coast, NASA EO 

Motivation – ready access to EO data 

Lena Delta 

New Siberian 

MERIS RR 20080812 

Space-borne Earth 
Observation in the last 
decades has allowed us to 
witness nature in remote 
areas and to further  
“explore“ scientifically these 
phenomena 



Challenges – increasing European EO capacity 
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June 12,2010 

Challenges - measurement environment 
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Earth Observation, as illustrated 
here, has a tremendous 
potential for high-latitudes by: 
•  Monitoring sea ice change 
•  Monitoring hemispheric 

temperature change 
•  Identifying land cover changes 

and permafrost change 
•  Help estimate river runoff (with 

models) 
•  etc. 

but, the high-latitudes are 
challenging for EO, especially for 
optical type measurements: 
•  Extended polar night and periods 

with (very) high solar zenith 
angles 

•  High cloud occurrences (and all 
the related problems of layering, 
shadows, snow, etc.) 

•  Difficult environment for 
validation (and few validation 
data) 

Eastman & Warren, UW 

Publicly available GPS data for validation (J. Fischer, FUB) 



 
 
 
 

The workshop expectations 
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Expectations 

To clearly identify the areas for improvement for 
existing/new algorithms and products in high-
latitude and the Arctic – this includes new 
approaches, improved auxiliary information (RT, met 
data), and additional products 

To formulate requirements for validation of high-
latitude and Arctic products – including proposed 
improvements to the ground-based observation 
networks, such as WMO/GCW, National sites, 
Sustained Arctic Observing Networks (SAON), or the 
creation/addition of new measurement capabilities 
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Outcome from the first APVE (Ottawa, 
November 2015) and other EDA activities 
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APVE: Ottawa, November 2015 

70 participants from industry, government 
agencies, academia and national centres 
of excellence from Canada, US and Europe 

37 presentations covering: User Perspectives, 
Land, Lake/Coastal, Cryosphere, and 
Atmosphere 

Key recommendations: 
•  Need for data compatibility and data 

interoperability 
•  Sustaining key validation sites and 

identifying sites representative of high-
latitude regime (for new products/ new 
missions) 

•  Formulate requirements for validation of 
Arctic/high-latitude data products 
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Comparison with SSM/I (4 days) 

7 AATSR QWG, ESRIN, 10-11 March 2015 
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APVE: ESA implementation  

 
TIR med-resolution total column 

water vapour retrievals at high- 
latitudes  
•  PI: S. Casadio Serco/ESA, Italy 
•  Focus on the characterisation of the 

TCWV retrievals (AIRWAVES) at high- 
latitudes from an algorithmic and 
validation point of view 

•  CCN (7/2015) to the LTDP ALTS project 
(see https://earth.esa.int/web/sppa/activities/multi-sensors-timeseries/alts) 

ODIN SMR mission recalibration and reprocessing 
•  PI: D. Murtagh, Chalmers U., SE 
•  Stratospheric species key to understand Arctic ozone loss and dynamics 
•  KO: Sept. 2015 (see http://odin.rss.chalmers.se) 



APVE: ESA implementation (ii) 

Pilot airborne campaign for high-
latitude validation of land 
products 
•  PI: NRC, co-I: McGill U. (both CND) 
•  Use of Mer Bleue site outside of Ottawa 

(Canada) during Spring/Summer 2016 
as proxy for high-latitudes 

•  Future campaigns expected to follow in 
2017/2018 

High Resolution SAR Algorithms for 
Mass Balance and Dynamics of 
Calving Glaciers 

•  PI: DLR (D), co-I Enveo (A) 
•  Improve on the in-situ methodologies 

by using hi-res SAR (and optical) 
datasets 

•  KO: Q1/2016 



APVE: ESA implementation (iii) 

Infrastructure support to stations and laboratories: 
•  Direct support to Eureka station (2 aircraft, infrastructure/instrument upgrades) 

through U. Toronto/Dalhousie (CND) 
•  Negotiating direct support to Thule station infrastructure  operations for 2016-2018 

(through DMI, DK) 
•  Support annual European Brewer inter-calibration campaigns, including high-

latitude instruments (AEMet-Izaña, SP) 
•  Atmospheric Composition calibration laboratory upgrades: PMOD/WRC (CH), 

PHOTON/RIMA(F) 

FRM4GHG 
•  PI: J. Nothold (IUP, D) and M. de Maziere (BIRA/IASB, B) 
•  IR instrument intercomparisons (TCCON and NDACC) and best practice development 

for GHG measurements at FMI Arctic Centre (Sodankylä, FIN)  
•  Campaign: 4/2016-Summer 2017 
•  KO planned for November/December 2015 

 
Coordinated ground-based aerosol cluster of excellence 

•  PI: D. Nicolae (INOE, RO) 
•  Preparation of aerosol FRM infrastructure/calibrations, ground-based algorithm 

consolidation, and with special focus on lunar/night-time measurements 
•  Key: PHOTONS/RIMA/AERONET, EARLINET, Pandonia (2018 with NDACC) 
•  KO Q1 2016 

 



Related/on-going activities at ESA 

Polar Thematic Exploitation Platform - P-TEP (PolarView and partners) 
•  Pilot project focussing on glacier and ice/iceberg behaviour, driven by scientific and 

operational needs  
 
STSE Polaris 
•  Gather and establish information requirements for the polar regions  
•  Identify information gaps considering space and non-space based systems 
•  Consolidate and prioritize information gaps with key user bodies  

EOPA Polaris Mission Concepts 
•  Explore & select mission concepts based on Polaris Results 
•  Explore synergy opportunities with Telecomuniction and Navigation 
•  Assess feasibility of 1 to 3 mission concepts 

STSE Arctic + (ITT Open) 
•  Response to the needs of the Arctic community 
•  Addressing 5 major priorities identified in the  

ESA-CliC Arctic Science Agenda 
•  ITT prepared in consultation with EC RTD  
•  Preparing future activities coordinated with H2020 ESA-CliC workshop on EO and Arctic Science 

Priorities, Tromsø, 20th January 2015 



 
 
 
 

The workshop expectations (revisited) 
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Expectations (ii) 

 Define key EO reference 
sites/areas targeting 
specific representativity 
issues (i.e mountainous 
areas, coastal zones, 
climatic variability) 

 
 For example: the use of the 
Province of Quebec for snow 
products due to its 
geographic and climatic 
variability (recommendation 
from the SnowPEX ISSPI WS 
- right) or planning of 
targeted field/aircraft 
campaigns 
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Ross Brown’s 2014 ISSPI presentation 



 
 
 
 
 
 
 

Thank you for your attention! 
 
Bojan.Bojkov@esa.int 
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