STATUS OF ATMOSPHERIC OBSERVATIONS IN THE ARCTIC

Introduction

The observing system of the atmosphere in the Arctic region is widely grown in recent years, in many cases allowing to collect data and carry out studies in areas never monitored before, but sometimes only partially recovering a condition which in time was impoverished, as in the Russian Arctic, where, as a result of the strong economic and geopolitical upheavals, observations drastically reduced at the end of the 80s.

Changes have affected the spatial coverage but even more the portion of the atmospheric column where observations and studies are focused, and coverage of observations along the polar night.

Increasing interest for the troposphere vs. stratosphere is a consequence of a better understanding of the role played by coupling processes involving the atmosphere and other components of the climate system. Relevance of polar night measurements arise from the awareness of the relevance of conditions and processes in winter season on the status of the system during the transition phase and than summer season. Moreover, polar night observations at surface are necessary for satellite calibration and regional models validation.

Many of the improvements in the Arctic observing system were made possible by the great technological advance in sensors, electronic, data storage and transfer, communication, and investment on new technologies will be crucial in order to both improve observing system for the atmosphere and reduce its impact in a such pristine environment. 

Despite the great advance in spatial, temporal and vertical coverage, and at the same time to connect measurement sites and observation through networking activities, the system is far away to be complete, and we have very poor observations where climate changes occurring will require more, i.e. in the Arctic Ocean and ice marginal zone.

In making an assessment of an observational system, in addition to coverage and networking characteristics, we need also consider in the analysis the final goal for which we intend to use observations: forecast, climate system monitoring, processes studies, satellite calibration.

Even limiting only to the atmosphere, so many elements and perspectives is challenging not only in terms of analysis but much more in terms of synthesis, visualization, and exploitation from users. What presented below are some elements useful to an assessment analysis and to face with challenges that we must overcome.

Networks

Several global networks present a segment into the Arctic, but is not rare that this segment is limited to very few stations. A plastic example of this statement is shown in the two figure below, where AERONETstations in Arctic and Europe are shown.
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MPLNET with only one station, Ny Alesund, in the Actic represent a limit case. The table below present a list of networks relevant for atmospheric observations into the Arctic. For each network, a link to one(more) web page(s) where more information on stations and data can be collected is(are) provided. Different colors classify global atmospheric network with measuring stations in the Arctic, atmospheric network mainly devoted/operating in the Arctic, not atmospheric networks that collect atmospheric data or information on the status of water and land surface layers (temperature, snow and ice coverage, ...) relevant for atmospheric processes and modelling.

	network
	description
	link to station maps/data

	GCOS
	Global Observing system
	http://www.wmo.int/pages/prog/gcos/index.php?name=ObservingSystemsandData 

	GSN
	GCOS surface network
	http://gosic.org/content/gcos-surface-network-gsn-data-access 

	GUAN
	GCOS Upper-air Network
	http://gosic.org/content/gcos-upper-air-network-guan-data-access 

	GAW
	Global atmospheric Watch
	http://www.wmo.int/pages/prog/arep/gaw/measurements.html 

http://gaw.empa.ch/gawsis/ 

	BSRN
	Baseline Surface Radiation Network
	http://bsrn.awi.de/stations/maps.html 

http://www.pangaea.de/PHP/BSRN_Status.php 

	AERONET
	Aerosol Robotic Network
	http://aeronet.gsfc.nasa.gov/new_web/data.html 

http://aeronet.gsfc.nasa.gov/cgi-bin/bamgomas_interactive 

	NPN
	NOAA Profiler Network 
	http://www.profiler.noaa.gov/npn/npnSiteMap.jsp 

	NDACC
	Network for the detection of Atmospheric Composition Change
	http://www.ndsc.ncep.noaa.gov/clickmap/ 

http://ndacc-lidar.org/index.php?id=40/Participating+sites.htm 

http://www.ndsc.ncep.noaa.gov/instr/ 

	MPLNET
	micropulse lidar network
	http://mplnet.gsfc.nasa.gov/data.html 

	IASOA
	International Arctic system to Observing the atmosphere
	http://www.esrl.noaa.gov/psd/iasoa/dataataglance 

	AEROCAN
	Canadian Aerosol sun-photometric Network
	http://www.aerocanonline.com/sites.html 

	SIOS
	Svalbard Integrated Arctic Earth Observing System
	http://www.sios-svalbard.org/prognett-sios/Infrastructure/1253964822756 

	OOPC
	Ocean Obsevation Panel for Climate
	http://ioc-goos-oopc.org/obs/surface_insitu.php 

	INTERACT
	International Network for Terrestrial Research and Monitoring in the Arctic
	http://www.eu-interact.org/about-interact/ 

http://www.eu-interact.org/field-sites/ 

	GTN-P
	Global Terrestrial Network for Permafrost
	http://gtnp.arcticportal.org/index.php/data/data-handling/19-data/mining/80-protocols-good-work-practices 

http://gtnp.arcticportal.org/index.php/resources/maps/12-resources/37-maps-boreholes 

	GCW
	Global Cryospheric Watch
	http://gcw.met.no/metamod/search 

	AMAP
	Arctic Monitoring and Assessment Programme
	http://www.amap.no/maps-and-graphics 


Related to the Atmospheric domain very few networking initiatives devoted specifically to the Arctic have been developed. More active at the moment are IASOA and SIOS, the first initiative started during IPY 2007-2009 and sustained in part by SEARCH programme, the second developing in the frame of European ESFRI roadmap for large infrastructures. During IPY 2007-2009, POLAR-AOD an POLARCAT Projects grouped polar aerosol communities operating ground and airborne measurements respectively. Both have leaved some legacy and created a network, but are not sustained at the moment by any specific project/programme. 

This aspect represent a strong weakness for networking activities in the Arctic, because protocols, methodologies and sometimes instruments established/used by global networks are often not the best for a harsh environment with a harsh environment with peculiar needs for activities in the field. 

At European level, clustering and coordination actions promote by European Commission (EC) in the fame of HORIZON 2020 should, in the medium term, largely improve actual status, promoting better integration of observations in the Arctic and Sub-Arctic with the rich existing landscape of activities at lower latitudes. 
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Long-term atmospheric observation platforms (ESFRI)
1AGOS - In-service Aircraf for 2 Global Observing system
1C0S - Integrated Carbon Observation System
5105 - Svalbard Integrated Earth Observing System
EISCAT.30 - European Incoherent Scatter Radars

Long-term atmospheric observation platforms (On-going I3 and D)
ACTRIS - Acrosols, Clouds, and Trace Gases Research Ifrastructure Network
InGOS - Integrated Non-CO, Greenhouse Gas Observing System
ARISE - Atmospheric Dynamics Research Infrastructure in Europe
IS-ENES - Infrastructure for the European Network of Earth System Modelling
EUFAR - European Facilfty for Airborne Research
EUROCHAMP — Europ. Simulation Chambers for Investigating Atmospheric Processes

Atmospheric Services, Observation & Model Projects (On-going Collab. Studies)
MACCI - successor to MACC - Monitoring Atmospheric Composition and Cimate
HORS - Demonstration Network of ground-based Remote Sensing Observations in
support of the GMES Atmospheric Service
ACCENT plus — Atmospheric Composition Change - The European Network
‘GMOS — Giobal Mercury Observation Network
AEROCOM - Aerosol Comparisons between Observations and Models
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Standardization of atmospheric observations along the Arctic is quite week. Need to adapt instruments and field procedures to environmental conditions are the main reason for that. Development of networks as IASOA and SIOS, devoted to improve harmonization of atmospheric measurements in the Arctic is than very important. A great role for selected parameters can be played also by networks as INTERACT and GTN-P, provided a good connection and dialogue with the atmospheric community. 

Together with an improvement of measurements an procedures standardization there is urgency to improve calibration and traceability of observations. Operational constraints, cost to perform regular calibrations and inter-comparison, distance of calibration facilities made this goal quite challenging. Efforts in this direction are started in the last years involving not only atmospheric agencies (i.e. GRUAN initiative/network promoted by WMO - www.dwd.de/gruan) but also Metrological Institutes (i.e. METEOMET and METEOMET-2 projects - http://www.meteomet.org/ ). Together with increase reliability of measurements estimating measurement uncertainty (in metrological sense) actions need to develop/ameliorate on-site calibration procedures and intercomparisons as well as to realize secondary calibration labs in the Arctic.

Status of observations with respect ECVs

An ECV is a physical, chemical, or biological variable or a group of linked variables that critically contributes to the characterization of Earth’s climate (Bojinski et al., 2014). List of ECVs as developed in the frame of GCOS, are provided in the table. A debate exist if this ECV datasets is sufficient to "...provide the empirical evidence needed to understand and predict the evolution of climate, to guide mitigation and adaptation measures, to assess risks and enable attribution of climatic events to underlying causes, and to underpin climate services" as sustained by Bojinski et al. Activities to develop set of climate indicators able to better sustain a so challenging goal are promoted both in US and Europe, and also represents one of the target of the SAON-CON working group. 

However, at least for the atmosphere, ECV datasets include all relevant inputs for models, so that can be useful to discuss the status of observations with respect to it. From this point of view Oceanic and Terrestrial variables more relevant for atmospheric models are marke yellow in the table.

	The essential climate variables (GCOS, 2010)

	Atmospheric
	Surface
	Air temperature, wind speed and direction, water vapor, pressure, precipitation, surface radiation budget

	
	Upper-air
	Temperature, wind speed and direction, water vapor, cloud properties, Earth radiation budget (including solar irradiance)

	
	Composition
	Carbon dioxide, methane, other long-lived greenhouse gases, ozone and aerosol supported by their precursors

	Oceanic
	Surface
	Sea surface temperature, sea surface salinity, sea level, sea state, sea ice, surface current, ocean color, carbon dioxide partial pressure, ocean acidity, phytoplankton

	
	sub-surface
	Temperature, salinity, current, nutrients, carbon dioxide partial pressure, ocean acidity, oxygen, tracers

	Terrestrial
	
	River discharge, water use, groundwater, lakes, snow cover, glaciers and ice caps, ice sheets, permafrost, albedo, land cover (including vegetation type), fraction of absorbed photosynthetically active radiation, leaf area index, above-ground biomass, soil carbon, fire disturbance, soil moisture


In general the status of the observations system with respect ECVs is poor. If we consider the surface and only basic meteorological variable (T, P, RH, wind), on a total of 1017 stations in GSN network, about 150 of them are located at latitudes equal or above 60°N (with respect to about 40 located below 60°S) , but only 7 at a latitude equal or above 80°N. Vertical profiles of meteorological variables are provided on a regular basis above 60°N by about 15 stations on the 171 forming the GUAN network (with respect to 12 locate below 60°S), but only 4 of them are above 70°N and only 1, Thule, has a latitude above 80°N. These two examples give evidence to the great problem of atmospheric observations in the Arctic: the strong connections with land mass distribution and the great holes above large part of the Arctic and in particular on the Arctic Ocean.

At least for basic meteorological variables at surface on land areas, the situation could be largely improved by a better integration of all existing measurements provided by networks like INTERACT and GTN-P. On Svalbard Archipelago and surrounding area, efforts envisaged by SIOS should produce a large improvement with respect not only to basic meterological variables but also to surface radiation budget, albedo and at least cloud coveage.

On the sea, however, improvement of atmospheric observations can only arise by a strong technological development both on surface and Earth observation (EO) measurements, and a stronger cooperation/integration between marine and atmospheric scientific communities.

Unfortunately to obtain reliable observations from satellite is very difficult. Advance in sensors offer for sure a great opportunity, but CAL/VAL activities in key stations need to be strongly developed and sustained in order to assure quality of data and produces climatologies. 

Active satellite sensors are very important in order to monitor ECVs year-round and for any weather conditions. The end of CALIPSO mission, without any plan to replace the CALIOP lidar included in its payload on another mission, will produce from this point of view a great reduction in observations capabilities with respect to aerosols and clouds in the Arctic. This example of week connection with Space Agencies and satellite community is not unique. For example for precipitation, efforts for a satellite global coverage envisaged in the global precipitation measurements (GPM) programme (http://pmm.nasa.gov/precipitation-measurement-missions ) are limited to latitudes below 60° both in Northern and Southern Emispheres.

Status of observations with respect specific targets

What stated above for basic meteorological measurements at surface as well as for vertical atmospheric profiles, clearly give evidence of the great difficulty to provide accurate weather forecast in the Arctic regions. This is particularly true on the vast Arctic Ocean and in general on the sea. A great advance from this point of view is necessary before commercial shipping routes could really start. With this overarching goal, WMO lunched in 2012 the Polar prediction project (PPI - http://www.polarprediction.net/news.html ). The Year of Polar Prediction - YOPP - initiative developed in the frame of PPI, with the intention to have an extended period of coordinated intensive observational and modelling activities in order to improve polar prediction capabilities on a wide range of time scales, will represent an unique opportunity to provide an assessment of the observation system in the Arctic with respect the specific target of weather forecast, providing information on where we need to operate improvements.

(graphics removed)

Another important specific target with respect to make an evaluation of the observing system, is the improvement of regional climatic models. For that, a better understanding and parameterization of coupling processes involving component of the climate system is a fundamental task. Co-location of  measurements of as much as possible parameters in stations located in key areas (supersites) as well as comparison of results obtained at different stations is fundamental. Figure shown the status of the observing system from this point of view at the end of 2013. The map appears sufficiently covered with stations located in almost all key Arctic regions. However is important to take into account that the large improvement is occurred only in the last 10-15 years. 
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In particular in the map is till visible the great hole in spatial coverage produced by collapse of Soviet Union, that only now start to be recovered with the starting of operational activities in Tiksi and the starting of the implementation of a new station at Cape Baranova (Severnaya Zemlya Archipelago).   

Opening of this new station will offer the opportunity to make comparison at the same latitude between Svalbard and Russian Arctic sector and better explore climatic gradients moving from European Arctic to Siberian coast.

Looking to west at the Fram Strait, together with the shelf areas of the Barents Sea the major opening to the Polar Sea, and characterize by the greatest climate gradient in the latitudinal band 70-80 N, opening of Station Nord just faced to Ny Alesund will offer the opportunity to explore the influence of such strong climate gradient on processes. The longitudinal transect through Thule will reach Eureka and the Canadian Arctic.

Finally opening of CHARS (Canadian High Arctic Research Station) will offer a huge and powerfull facility at an intermediate distance between Eureka/Alert at the East limit of the Canadian Arctic and Barrow in Alaska.

If we include the activities started in 2014 and also together with Sodankyla the sub-arctic supersite of Abisko in Sweden, we can count 13 stations where observations have (or will reach soon) the level necessary to consider them a super-site, with a geographycal distribution quite satisfying, mainly considering that the most part of them are much more consequence of national efforts and interests more of a coordinate implementation plan.

Coordination activites promoted by IASOA, SIOS and INTERACT should in the near future assure the possibility to make possible to perform comparative studies and learn a lot on processes and interactions between different components analysing similarities and differences between different Arctic regions.

Data sets, review papers, assessment reports

All network listed above sustain directly or are linked to data base and data sets. More than this useful data can be provided by the private sector and research groups working outside any network. In the frame of SIOS an analysis of data sets useful to SIOS users was performed and results can be found in deliverables of WP6 (www.sios-svalbard.org ). A lot of work need to be done in order to really integrate all sources of data in a coherent system where all information can be accessible with relatively simplicity by different user categories. The Polar Data group, created merging SAON and IASC data groups, is facing with this great challenge. 

With respect to literature, the work to identify/catalog documents is not easy even if we limit to review papers and assessment report. As first elements of a very long list, we can quote the assessment reports on black carbon and atmospheric pollutants sponsored by AMAP, the POLARCAT special issue on Atmosperic Chemistry and Physics (Sthol et al, 2009-2014), the POLAR-AOD special issue on Atmospheric Environment (Tomasi et al., 2012), and a large review paper on polar aerosol published on Earth Science Reviews (Tomasi et al, 2015)

Challenges in summarize and present  status of observations

As wrote yet to summarize to scientist and general public the observation system in the Arctic, is not an easy task considering its complexity and different layers/perspectives from which it can be approached and/or presented. Any attempt to realize comprehensive but at the same time sufficiently clear gaphical representation and provide ICT instruments to explore and perform research on metadata, must deal with the need to bring about a two-dimensional plane the different information and many levels.

More important and complete efforts along this road, have been in the last three-five years carried out by the:

A) Canadian Polar Commission (CPC), through the work devote to develop a Canadian Polar Information Network (http://www.polarknowledge.ca/) and SAON Canada (http://arcticobservingcanada.ca )

B) National Science Foundation, through the development of an Arctic Observing Assessment (http://www.arctichub.net/)

C) Arctic Portal, "established originally in 2006 as an IPY-project operating in cooperation with the Arctic Council Working Groups CAFF and PAME, but today a comprehensive gateway to Arctic information and data with cooperating partners ranging from international organisations and research centres to international projects, indigenous peoples associations and other Arctic Stakeholders" (www.arcticpolar.org )

Between thematic initiatives,  is important to report the Atlas of Community Based Monitoring (http://www.arcticcbm.org/index.html#eyJ0IjoieCIsImkiOiI5OTQyNWZkMTgwNzJhMGFhNTljMzQ2ODcyMjM0ZWI4ZiJ9 )

Either CPC, NSF and Arctic Portal have developed specific platform for metadata/data search and visualization 

A) CPC has developed the Northern Research Facility instrument

     http://www.polarknowledge.ca/index.php?page=northern-research-facilities&hl=en_US 

B) NSF has developed the Arctic Observing Assessment instrument

      http://arctichub.net:8001/ 

C) Arctic Portal the Inteactive data Map instrument  

       http://portal.inter-map.com/#mapID=49&groupID=&z=1.0&up=2772.7&left=2001105.4 

Below these ICT platforms, developed to provide to general and scientific users graphical tools to represent the observational system and perform research along metadata records and data sets, are used to illustrate some of the most common problems with which the development of these tools is faced.

completeness of information
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Arctic portal hosts various websites for Arctic related organizations and affiliations, providing them a common venue to be visible on the web and increases synergy, making information more accessible for all. However, is not rare that graphical results are incomplete or contain errors for the lack of information in the used data base. If we select AP SAON positions for example the graphical result is shown in the Figure. The largest part of the sites reported pertain to synoptic meteo stations. However, the point inside the red circle, is marked erroneously as Zackenberg station. 

The possibility that a strong lack of information could move to a completely wrong picture of the actual status of observations is clearly shown through a research of the atmospheric measurements performed on the CPC northern polar facilities platform. Selecting Atmosphere as option for the parameter Environment and we make a research for all categories (see below), we obtain the results reported below.

[image: image9.jpg]Search Results

Whapmagoostui-Kuujjuarapik Research Station
Latitude: 55.283333, Longitude: -77.75

Polar Environment Atmospheric Research Laboratory (PEARL)
Latitude: 80, Longitude: -86.4

Ittag Heritage and Research Centre
Latitude: 70.471111, Longitude: -68.585278

Alert - Atmospheric Radionuclides Monitoring Station (Health Canada
Latitude: 82.500125, Longitude: -62.320156

Iqaluit Atmospheric Radionuclide Monitoring Station - Health Canada
Latitude: 63.748483, Longitude: -68.512289

Resolute RN15 CTBT and CRMN radionuclide monitoring station - Health Canada
Latitude: 74.697503, Longitude: -94.826019

Yellowknife RN16 CTBT and CRMN radionuclide monitoring station - Health Canada
Latitude: 62.455564, Longitude: -114.379078

South Slave Research Centre
Latitude: 60.005278, Longitude: -111.890556

CL1 Churchill, Canadian Radiological Monitoring Network station - Health Canada
Latitude: 58.739, Longitude: -94.074
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At the contrary of Arctic Portal, CPC instrument not report any synoptic station. Moreover, appears very clear that the information reporte are strongly influenced by users that have introduced data. So apart PEARL, apparently the Canadian Arctic have very few information relate to the Atmosphere and most of them relate to radioactivity.

In both cases, while an expert can easily understand that the result is not complete, a generic users, for example a decision-maker, without independent information will be not able to take with caution these information. Both instruments do not provide any warning on the possibility to obtain incomplete results.

classification/Thematic areas

CPC instrument provide classification of metadata records based on two parameters: (i) 6 categories (Primary Research stations, Experimental Research stations, seasonally operate field camp, Community research facility, Marine research facility, sites for Observing/Monitor) and (ii) 28 environmental definitions. In both cases apparently there is no explanation on the web site. The 6 categories are quite broad and to decide to which to assign a single station is not easy. Without a precise definition, different users can use in different way the classification mask provided, so introducing a bias in the database and in the graphical representation.

There is the strong possibility classification work is made by personnel at the central unit. This will help to solve this problem but require allocation of resources that could be use in a better way.

Arctic portal make use of 13 categories. For each categories a set of layers is provided in order to produce composite maps where data arising from different data sets can be combined and shown all together to provide a more consistent picture.
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NSF platform classify networks elements in terms of nodes, representing categories or resources, linked between them by related concepts an funtionality (see figure below) 

Time range

With respect to CPC and Arctic Portal, NSF decided to follow a completely different approach with respect to provide a graphical visualization of the network as a whole, They decided to include, starting from observations any relevant information and also any relevant connections between the different part of the system. The graphical result is shown below.

(three figures removed)
The observing system is considered here in the whole complexity, being the field observations just a node even if the central one's. A progressive zoom is able to shown a great number of elements grouped around functional nodes. Arctic observations are conceptually at the moment linked to three nodes: Food security, Freshwater security, Health and well-being The last being also connected to the country food). 

Potentiality of this approach is well evident: relationship allowing  observations to answer questions of scientific as well societal relevance, and be than transformed in useful information for society, decision-makers, public opinion, are all presented in only one picture. However, this approach  is not free from weaknesses. The more important is the difficulty to really understand the status of Arctic observations, spatial an temporal coverage, for the atmosphere the capability to monitor the vertical atmospheric column, capability to provide useful information to models. Moreover on the same picture are a lot of information collected on a wide temporal range through a large number of different actions. So the risk is to have inconsistency between the different part of the puzzle is not zero.

AOA approach follow by NSF clearly provide evidence that status and aspect of the observing network is strictly dependent from our final target and objectives.
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