	[image: image13.jpg]‘\Yfénarch-A




	MONARCH-A
MONitoring and Assessing Regional Climate change in High latitudes and the Arctic 

Grant agreement n° 242446
	Ref: D.XXXX
Date: 23/03/2012
Issue: 0.1



	[image: image1.emf]
	[image: image2.jpg]'\Vfénarch-A




	[image: image3.png]





Seventh Framework Programme 
Theme 9 Space FP7-SPA.2009.1.1.02
Monitoring of climate change issues (extending core service activities)
Grant agreement for:
Collaborative Project (generic).
Project acronym: 
MONARCH-A
Project title: 
MONitoring and Assessing Regional Climate  change in High latitudes and the Arctic
Grant agreement no.
242446
Start date of project: 
01.03.10
Duration: 
36 months 
Project coordinator: 
Nansen Environmental and Remote Sensing Center, Bergen, Norway
Activity Report Year 1
Due date of deliverable: 31.04.2011 

Actual submission date: 18.04.2011
Organization name of lead contractor for this deliverable: <ACRONYM>
	Project co-funded by the European Commission 
within the Seventh Framework Programme, Theme 6 Environment

	Dissemination Level

	PU 
	Public 
	

	PP 
	Restricted to other programme participants (including the Commission) 
	

	RE 
	Restricted to a group specified by the consortium (including the Commission) 
	

	CO 
	Confidential, only for members of the consortium (including the Commission) 
	


	ISSUE
	DATE
	CHANGE RECORDS 
	AUTHOR

	0
	08/04/2011
	Template
	K. Lygre

	1
	18/04/2011
	1st version
	K. Lygre/ J. Johannessen

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	SUMMARY

	


MONARCH-A CONSORTIUM

	Participant no.
	Participant organisation name
	Short name
	Country

	1 (Coordinator)
	Nansen Environmental and Remote Sensing Center
	NERSC
	NO

	2
	The University of Sheffield
	USFD
	UK

	3
	Universität Hamburg
	UHAM
	NO

	4
	Centre National de la Recherche Scientifique
	CNRS
	FR

	5
	Scientific foundation Nansen International Environmental and Remote Sensing Center
	NIERSC
	RU

	6
	Universitetet i Bergen
	UiB
	NO

	7
	Danmarks Tekniske Universitet
	DTU
	DK

	8
	Institut Francais de Recherche pour l'Exploitation de la Mer
	IFREMER
	FR


No part of this work may be reproduced or used in any form or by any means (graphic, electronic, or mechanical including photocopying, recording, taping, or information storage and retrieval systems) without the written permission of the copyright owner(s) in accordance with the terms of the MONARCH-A Consortium Agreement (EC Grant Agreement 242446).

All rights reserved.

This document may change without notice.

Table of Contents

5Table of Contents

1
Introduction
6
1.1
XXXX
6


List of Figures

6Figure 1: XXXX



List of Tables

6Table 1: XXXX



1 Objectives
1.1 Goal
The ultimate goal of MONARCH-A is:

To generate a dedicated information package tailored to a subset of multidisciplinary Essential Climate Variables and their mutual forcing and feedback mechanisms associated with changes in terrestrial carbon and water fluxes, sea level and ocean circulation and the marine carbon cycle in the high latitude and Arctic regions. 

Objectives in WP1:

1. Analyze the decadal snow dynamics and their consequences for GHGs and climate.

2. Analyze the decadal dynamics of high latitude lakes and their consequences for GHGs and climate. 

3. Analyze the long-term decadal changes in permafrost.

4. Assess the representation of land cover and fire in carbon, water and climate models. 

5. Reanalysis of the water and carbon balances of the major high-latitude catchments and their link to climate
Objectives in WP2:

To compile a climate-data base of the Arctic ocean and to enhance its use in support of fast track services. 
1) Improve our understanding of the role the Arctic plays in water mass formation, in influencing the global circulation and in changing sea level on regional and global scale. 

2) Provide a reanalysis of the Arctic Ocean over the last 50 years, connecting especially also the IPY era to long-term Arctic variability.  By doing so, WP 2 will interact intensely with other work packages. 
3) Improve climate-quality data base for the Arctic Ocean
4) Estimate sea ice motion.
5) Improve ECVs for the high-latitude Atlantic and the Arctic.
Objectives in WP3

Exploiting and (re-) processing of the relevant Earth Observations  data sets including surface ocean CO2 partial pressure and ocean colour/primary productivity based on up-to-date algorithms and cal/val corrections. 

Integrating and merging of the individual calibrated data sets for each ECV to constitute comprehensive and well-characterized long term records for the high latitude and Arctic regions for the last 30-50 years that in turn can be assessed in the context of changes in marine carbon cycle.

Objectives in WP4:

1) Assess and synthesize the trends and consistency of the ECVs generated in WP 1- 3 during the last 30-50 years in the context of mutual forcing and feedback mechanisms arising due to changes in: (i) terrestrial carbon and water interaction; (ii) sea level and ocean circulation; and (iii) marine carbon cycle.

2) Establish and execute regular contacts and interactions with the scientific community.

3) Feed knowledge into overall assessment of priorities for design and implementation of Arctic monitoring and prediction system for climate.
4)Set-up a web site for visualization and dissemination of project data and results.
Resources
During the first year there have been no significant deviations with regard to staffing, use of man-months and other resources, with the exception of UiB. Otherwise only minor changes are reported under the different tasks. UiB however, did not succeed in employing persons to the project in the first year.  So far they were able to carry out their tasks (notably WP 3) from in-kind contributions. They will use the salary costs in the coming reporting periods as two new positions have been filled in March 2011. 

Summary of progress 
The description of work that has been done to carry out the tasks and complete the deliverables are provided below. All deliverables due year 1 have been delivered satisfactorily. Some highlights from the first year of MONARCH-A include:

· 22 year time series of monthly and 5-day snow extent and start/end dates of snow cover

· Submitted paper and data sets on water level variations of some large Arctic rivers and lakes based on altimetry
· Assembling and archiving of 317 historical Russian permafrost maps (mostly digitized)
·    Manuscript and analysis of available land cover and fire products, runoff, their trends and uncertainties from a range of sources and comparison with models.  
·    Manuscript and data set on spatial–temporal variability and changes of Greenland ice sheet elevation from 1992 to 2008 using merged ERS-1, ERS-2 and Envisat satellite radar altimeter data
·    Assessment of several numerical models of the Arctic circulation and sea ice cover and recommendations of model improvements.

·    An updated ArcGP/EGM08 geoid model to be applied together with ICESat 40 Hz data to recover freeboard data

·    A comprehensive data base of inorganic marine carbon cycle data, derived quantities, and meta-information on data quality and statistics for the Atlantic through the Arctic

·    Primary productivity time series based on remotely sensed ocean color as gridded data sets for the Arctic Ocean.
·   Model simulation spanning 1850-2099 of the ocean carbon cycle highlighting anthropogenic CO2 uptake and horizontal transport for the Arctic and other major oceanic basins, confirming previous findings
·   A preliminary synthesis report of the work progress and achievements for the first year has been provided.
Work package 1: Changes in terrestrial carbon and water fluxes

Lead partner: USFD

Sub-Workpackage 1.1: Decadal change in snow properties
Participating Partners: USFD, CNRS

Task 1.1 Decadal snow dynamics and their consequences for GHGs and climate

To provide a long time-series of measurements of the properties of the snow-pack, we have assembled and processed the 22 years of SSM/I satellite data set from 1987 to 2008.  We have computed snow extent and start and end dates of snow cover.  The data are being analyzed to study the global satellite-derived snow dynamics.  
D1.1.1 Monthly and 5-day fields of snow extent (month 9)

We have computed and delivered 5-day and monthly snow extent fields for the boreal regions north of 36° latitude.

D1.1.3 Start and end dates of snow cover (month 9)

We have computed and delivered yearly start and end dates of snow cover for the boreal regions north of 36° latitude .

Deviation from expected progress

No deviation

Outlook 

Outline activities for next 6-12 months 

We have started to adapt algorithms to compute satellite-derived snow water equivalent fields and expect to provide deliverables in a timely manner (D1.1.4, month 18). A dedicated field trip to the Western Siberia has been done in March 2011 (in the framework of our cooperation within the CNRS-Russia GDRI "CAR-WET-SIB") with scientists from the Novosibirsk Institute of Soil Sciences and Agriculture (ISSA RAS). During the field trip, observations of snow depth and density, snow vertical profiles and snow grain size distribution hav3 been made along the route from Novosibirsk to Purpe (about 1700 km). The data from this field trip will be used to assess the snow water equivalent variability for different landscapes along the Western Siberia and to validate the dynamic SSM/I algorithm.
Resources 

We have hired a postdoc (March 2011) and another 5-month contract researcher is foreseen between April-September 2011 to work with the processing and analysis of the satellite data and for publishing results. 
List of related publications 

Zakharova E.A., A.V. Kouraev, S. Biancamaria, M.V. Kolmakova, N.M. Mognard, V.A. Zemtsov, S.N. Kirpotin, B. Decharme. Snow cover and spring flood flow in the northern part of the Western Siberia (the Poluy, Nadym, Pur and Taz rivers). Journal of Hydrometeorology, 2011 (submitted)

Zakharova E.A., Kouraev A.V., Kolmakova M.V., Bazanov V.A., Skugarev A.A., Berezin A.E., Kirpotin S.N., Zemtsov V.A., Biancamaria S., Mognard N.M. Seasonal and interannual changes of hydrological regime of the Western Siberia. EGU-2010, Vienna

Kouraev A.V., A. Cazenave, N.M. Mognard, J-F Crétaux, S. Biancamaria, F. Rémy, B. Legrésy, P. Van Beek, E. Zakharova, I. G. Polikarpov, F. Al-Yamani, M.V. Kolmakova, Bazanov V.A., Skugarev A.A., Berezin A.E., Zemtsov V.A., Kirpotin S.N. From wet to arid zones: continental hydrology from satellite multi-sensor data and in situ observations. ESA living planet symposium, Bergen 2010.

Zakharova E.A., Kouraev A.V., Kolmakova M.V., Bazanov V.A., Skugarev A.A., Berezin A.E., Kirpotin S.N., Zemtsov V.A.  Mognard N.M. Hydrology of the Western Siberia - seasonal and interannual changes. ESA living planet symposium, Bergen 2010. 

Zakharova E.A., Kouraev A.V., Biancamaria S., Kolmakova M.V., Kirpotin S.N., Zemtsov V.A.  Mognard N.M. Role of wetlands in the seasonal distribution of discharge of the Poluy, Nadym, Pur and Taz rivers. Workshop on Cold Regions Hydrology, Innsbruck, 2010

Kirpotin S., Polishchuk Y., Pokrovsky O.,  Kouraev A, Bryksina N.,  Sugaipova A., Zakharova E., Shirokova L., Kolmakova M., Manassypov R., Dupre B. 2010. Vegetation Response on Climatic Changes in West-Siberian North // Proceedings of International Conference on Environmental Observations, Modeling and Information Systems ENVIROMIS-2010, 5 July – 11 July 2010, Tomsk: 43.  

Kolmakova M.V, Kouraev A.V., Zakharova E.A., Kirpotin S.N., Zemtsov V.A., Mognard N.M. Hydrological and hydrochemical processes in the Western Siberian plain from remote and field observations // EGU Leonardo Topical Conference Series on the hydrological cycle. 10-12 November, 2010. Luxembourg.  

Kolmakova M.V, Kouraev A.V., Zakharova E.A., Kirpotin S.N., Zemtsov V.A., Mognard N.M. Spatial and temporal variability of the hydrological regime and water quality in the cryolythozone of the Western Siberia. //Proceedings of the conference "Fundamental problems of water and water resources, 24-28 Aug 2010, Barnaul, Russia

Kolmakova M.V, Kouraev A.V., Zakharova E.A., Kirpotin S.N., Zemtsov V.A., Mognard N.M. Natural regimes of the North-Western Siberian Wetlands: hydrological and ecological indicators // Enviromis-2010, 5-11 July, 2010, Tomsk, Russia. 

Sub-Workpackage 1.2 Decadal dynamics of high latitude lakes and their consequences for GHGs and climate
Participating Partners: USFD, CNRS

Summary of progress 
Task 1.2 The decadal dynamics of high latitude lakes and their consequences for GHGs and climate

To provide long time-series of measurements of water levels over large Arctic rivers and lakes data sets have been assembled from the different satellite radar altimeters (Topex/Poseidon, ERS, ENVISAT, Jason1/2) and surface water levels variability for large Arctic rivers and lakes have been computed and delivered.
D1.2.2 - Water level variations over the large Arctic rivers from satellite altimeters related to input into Arctic ocean, including use of data from GRDC (month 12);

Satellite radar altimetry data sets over large Arctic rivers have been assembled, water level variations are have been computed. These satellite-derived water levels have been delivered.
D1.2.3 - Water level variations over the large Arctic lakes from satellite altimeters (month 12)

Satellite radar altimetry data sets over large Arctic lakes have been assembled and  water level variations have been computed and delivered.
Deviation from expected progress
No deviation
Outlook 

Outline activities for next 6-12 months 
Work has been initiated  to adapt algorithms to compute satellite-derived global summer monthly fields of surface water extent from SSMI and expect to provide deliverables in a timely manner, i.e.:
D1.2.1 - Global (North of 50°N latitude) summer monthly fields of surface water extent from SSMI  (month 18);

D1.2.4 - Timing of freeze/thaw periods over large rivers and lakes from combination of SSMI and altimeters (month 18)
Resources 

A post-doc and a contract researcher will contribute to this task jointly with Task 1.1 (cf.).
List of related publications 

Kouraev Alexei V., Michail N. Shimaraev, Frédérique Rémy, Andrei Yu. Ivanov, Boris N. Golubov An interesting natural phenomenon - giant rings on Lake Baikal ice. EGU-2010, Vienna

Duguay C. , Kang K-K, Kouraev A., Mercier F. Estimation of ice thickness on large lakes from passive microwave and radar altimeter data. EGU-2010, Vienna.

Kouraev Alexei V., Michail N. Shimaraev, Frédérique Rémy, Andrei Yu. Ivanov, Boris N. Golubov Giant rings on ice of the Lake Baikal: a look from space and from beneath. ESA living planet symposium, Bergen 2010.

Kouraev Alexei V., Michail N. Shimaraev, Frédérique Rémy, Andrei Yu. Ivanov, Boris N. Golubov Giant ice rings on Lake Baikal ice – potential causes, development and satellite monitoring. Workshop on Cold Regions Hydrology, Innsbruck, 2010

Sub-Work package 1.3 Decadal changes in permafrost location and depth

Participating Partner:  USFD, NIERSC

Summary of progress

Task 1.3.1: Develop a reference permafrost map 

1. Four major parameters of permafrost for MONARCH-A mapping were selected:

· Permafrost location 

· Permafrost thickness

· Permafrost temperature (at depth of zero annual amplitude)

· Active Layer depth

2. Inventory of existing available permafrost data sets and maps, including Russian historical maps and data from local sampling worldwide, was carried out. The most informative sites, like the CALM (Circumpolar Active Layer Monitoring Network) data for the Northern Hemisphere, data collections at the Frozen Ground Data Center (FGDC) at NSIDC, and the Circumpolar Active-Layer Permafrost System Version 2.0 were examined. Local measurements of permafrost parameters available on the Web and digital maps of permafrost have been downloaded.

3. Focusing on the aim to get a representative set of maps of Russian permafrost that could be the basis for producing a reference map for the corresponding territory, the following work has been done: 

· Russian historical paper maps available and relevant for MONARCH-A have been collected and archived. NIERSC has created a Russian historical permafrost map data collection containing 317 maps 

· Each map from the collection is presented in a paper copy; most are in an electronic format like .JPEG, .BMP or .TIF. All maps are accompanied by metadata/commentary including map number, title and author, title and author of book or paper where map was published, place where map is being kept, years of map compilation and publishing, map legend, scale and map type 

· About 50% of the collected maps were created in the 1980s. The maps of global coverage are of very coarse resolution. Most maps are for limited areas of the Russian Federation, but some of them are for the territory of the former Soviet Union or Russia as a whole

· Comparison of collected maps demonstrates some differences in permafrost description that has to be analyzed later

4. For the Russian permafrost, a map created by I. Baranov in 1977 was selected as a base map for the further work. It was made by evaluating the quality of Russian historical maps, taking into account comprehensiveness and scale of the maps, permafrost parameter availability and the standing of the map's author in the scientific community. This map covers the territory of the former Soviet Union at a scale of 1:5,000,000 and contains all necessary parameters. The map has been scanned sheet by sheet at NIERSC and georeferenced. The boundary of permafrost was been digitized. 

The first results of this work will be delivered month 18 according to the work plan

Task 1.3.2: Develop a permafrost-soil-snow-atmosphere thermal module 
No substantial work yet done on this task. First delivery is in month 28
Deliverables:

D1.3.1 Reference permafrost map from historical sources (month 18) 

D1.3.2 Up-to-date permafrost map taking into account new results from the IPY, identifying major trends in permafrost location and depth (month 28)

These deliverables are in progress. Emphasis during the first year of the project was put on the D1.3.1 deliverable.

Deviation from expected progress

If applicable, explain the reasons for failing to achieve critical objectives and/or not being on schedule and explain the impact on other tasks as well as on available resources and planning

No deviations

Outlook 

Outline activities for next 6-12 months and in particular indicate expected deviations from given specific milestones and deliverables

During the next 6-12 months the following is planned:

1. To get paper maps of reasonable scale for the permafrost of China, Mongolia, Canada and US 

2. To scan and georeference these maps (p.1)

3. To digitize selected permafrost parameters with the aim of creating a Circum-Arctic reference permafrost map (over the period till 1980s)

4. To compare collected maps and analyze the discrepancies in their description of permafrost parameters 

5. To start creation of an up-to-date permafrost map 

6. To deliver the reference permafrost map D1.3.1

Resources 

No deviations between the actual and planned NIERSC person-months per Sub-work package 1.3. 

List of related publications 

None

Sub-Workpackage 1.4 Land cover and fire and their representation in models
Participating Partner: USFD
Summary of progress

This report focuses on WP 1.4, but also alludes to connections between this work and WP 1.1 (snow dynamics) & 1.3 (permafrost). Activities within each subtask are described first, and then the status of the deliverables.

Task 1.4.1 Assess the consistency of land cover products in terms of how they will be used in models, assess their accuracy and evaluate how they may be combined to produce the best available product for carbon, water and climate modeling.

As a crucial component of all our tasks, we have acquired code for several important land surface models (LSMs), including LPJ (the LSM using in the Bergen Climate Model: BCM) and CLM4 (the LSM using in the Bergen Earth System Model: NorESM), JULES (used in the Hadley Centre climate model) and the Sheffield Dynamic Global Vegetation Model (SDGVM) (though we are still having problems running CLM4). Through the TRENDY project run by Stephen Sitch, University of Leeds, we have also gained access to outputs from several other important ESMs. 

We have assembled a range of the most important LC products and compared them with the representation of land cover in the various models. This involves conversion of the LC products into the Plant Functional Types included in the models. There are marked differences between models and between models and data, and we are currently performing runs with SDGVM to assess the importance of these differences for the carbon and water cycles.

Task 1.4.2: Synthesise the information on active fires, burnt area and Fire Radiative Power at high latitudes, and assess the existing data record for evidence of trends. A second major element of this task will be the definition of how these data will be used by climate and carbon models.
We have assembled data on active fires, burnt area and Fire Radiative Power at high latitudes from a range of sources, together with carbon emissions estimates from the Global Fire Emissions database (GFED v.3), and compared them with model estimates as regards mean values, inter-annual variability and spatial distribution.

D1.4.1 - Analysis of available land cover and fire products, their trends and uncertainties, preferred products, and recommendations for combining different products for best use in climate models (Month 15). (NB discrepancy between WP (Month 15) and full deliverable list (Month 12))

We are well advanced with a draft report ready for the Toulouse meeting on April 4. It covers all the analysis summarized above, together with a comparison of model-data comparisons for runoff from all the major high latitude basins. Our intention is to turn this into a journal paper as soon as possible, and expect to do this by summer.

D1.4.2 - Land cover maps transformed into forms suitable for carbon, water and climate modelling (Month 15).

This has already been done to allow us to carry out the comparisons noted above. We probably need to revisit the use of the Vegetation Continuous Fields LC product and its effects.

D1.4.3 - Integrated fire products for carbon and climate modelling (month 30).

We have made good progress with this work, including initial development of methods to modify carbon and climate models to take account of observed burnt area products. 
Deviation from expected progress

No deviation

Outlook 

Outline activities for next 6-12 months 
We expect no deviations from producing our deliverables on time. The only major task needed for Deliverable 1.4.2 is to revisit use of the VCF product.

The way things are going, we expect to finish the fire deliverable D1.4.3 much sooner than expected, and have already begun work related to reanalysis. This consists primarily in establishing methods whereby the land ECVs can be used to improve the estimates of the water and carbon fluxes.

We expect to begin a deeper study of the snow products and their relation to the models.

Certainly no later than September 2011 we will start to address the representation of permafrost in the models and its relation to data being provided by NIERSC (in fact, we have already acquired a permafrost model but done little work with it up to now).

Resources 

There are no significant deviations from what was planned, apart from a very positive aspect of staffing, namely that we have been able to involve a very experienced LSM modeler, Mark Lomas; this has made an enormous difference in how rapidly the work has progressed.
List of related publications 

Quegan S, Beer C, Shvidenko A, McCallum I, Handoh I C, Peylin P, Rödenbeck C, Lucht W, Nilsson S & Schmullius C (2011), Estimating the carbon balance of central Siberia using a geographical information system, atmospheric inversion and dynamic vegetation models, Global Change Biology, 17, 351–365.
C. Huntingford, B. B. B. Booth , S. Sitch , N. Gedney , J. A. Lowe , S. K. Liddicoat , L. M. Mercado , M. J. Best , G. P.Weedon , R. A. Fisher, M. R. Lomas, P. Good , P. Zelazowski, A. C. Everitt , A. C. Spessa  and C. D. Jones , IMOGEN: an intermediate complexity model to evaluate terrestrial impacts of a changing climate. Geosci. Model Dev., 3, 679-687, 2010 www.geosci-model-dev.net/3/679/2010/ doi:10.5194/gmd-3-679-2010.

S. Piaoa , P. Ciais , M. Lomas, C. Beer , H. Liu , J. Fang , P. Friedlingstein , Y. Huang , H. Muraoka , Y. Son , I. Woodward, Contribution of climate change and rising CO2 to terrestrial carbon balance in East Asia: A multi-model analysis. Global and Planetary Change, doi: 10.1016/j.gloplacha.2010.10.014.

C. Beer , M. Reichstein , E. Tomelleri , P Ciais , M. Jung, N. Carvalhais , C. Rödenbeck , M. A. Arain , D. Baldocchi  , G. B. Bonan , A. Bondeau , A. Cescatti , G. Lasslop , A. Lindroth , M. Lomas, S. Luyssaert , H. Margolis , K. W. Oleson , O. Roupsard , E. Veenendaal , N Viovy , C. Williams , F. I. Woodward, D. Papale, Terrestrial Gross Carbon Dioxide Uptake: Global Distribution and Covariation with Climate, Science, doi: 10.1126/science.1184984.

Workpackage 2: Changes in Sea Level and Ocean Circulation
Leader: UHAM
Sub-Workpackage 2.1 Improved use of historical data bases 

Participating Partner: UHAM, CNRS, DTU
Task 2.1.1: Regional sea level data based on Topex, Jason and Envisat altimetry for the recent period (1992-2008) (month 16). 

This work packages is concerned with providing observations of regional sea level using altimetry. There is also a need for including other data than altimetry, e.g. tide gauge data from the Global Sea Level Observing System (GLOSS) and the Permanent Service for Mean Sea Level (PSMSL), as well as from other non global data bases. Ongoing work is concerned with correcting tide gauges data for crustal motions using GNSS data (when available) and GIA modelling. In addition, past sea level reconstruction methods that combine altimetry, tide gauges and ocean circulation model outputs are being adapted to the Arctic Ocean region to provide past 50+ years  regional sea level variations.
Task 2.1.2: For sea ice data MyOcean and the EUMETSAT OSI SAF will be the important sources. The observed sea ice parameters from satellites are primarily ice area, ice concentration and ice drift. Ice buoys also provide drift data at scattered locations across the Arctic, while moorings provide ice drift and thickness data in a few locations such as the Fram Strait. Ice thickness data for the Arctic Basin are obtained primarily from submarine cruises and scientific expeditions. Of particular relevance are the Russian expeditions, including the North Pole Drifting stations, which provide thickness and drift data over six decades starting in the 1930s. Additional data will be obtained from GLOBEICE and national archives, including those available in Canada and the US. Also in this case the challenging compilation of data incomplete data coverage into 30-50 years time series will be carried out using sea ice models to bridge those gaps. (month 16)

Task 2.1.3: In order to characterise the steric and ocean mass variations of  the observed sea level variability, the regional contributions for steric variations and land ice and continental fresh water input will be estimated using different data sets, in particular in-situ hydrographic profiles and space gravimetry data from GRACE. Steric sea level regional variability will also be estimated from the difference between altimetry and GRACE ocean mass.   (month 16)

There is no deliverable due during year 1, according to the work plan.
Deviations
No deviations

Outlook

All three tasks in WP2.1 will terminate month 16 and the 4 deliverables will be completed accordingly:
D2.1.1 – Gridded time series of sea level data over the altimetry period and last 50+ years (m16)
D2.1.2 - Time series of sea ice data to describe changes over 50 years. (m16)
D2.1.3 – Gridded time series of ocean mass variations since 2002 (m16)
D2.1.4 Gridded time series of steric sea level from in situ hydrography and ‘altimetry minus GRACE ocean mass’ (m18)
Sub-Workpackage 2.2 Improved mean sea surface and mean dynamic topography
Participating partners: UHAM, NERSC, CNRS, UiB, DTU, IFREMER
Objectives
- To improve the mean sea surface model for the Arctic Ocean using newly developed models combined with sea level time series data from WP2.1 and the improved sea-ice thickness corrections of WP2.5.

- To derive a reference sea surface model using available satellite data for the period of 1993-2008 with a special emphasis on annual to decadal variability.

- To improve the mean dynamic topography model for the Arctic Ocean using the improved mean sea surface data, recent geoid models and ocean circulation models.

This work is ongoing, with a first deliverable anticipated for month 16, according to the work plan. The mean sea surface is an important reference surface for the pre-processing of sea level data – especially for combining in situ and satellite data. For the assimilation of sea level data into the models the mean dynamic topography model becomes important. 
There are no deliverables for this WP in year 1. 

Task 2.2.1: Mean sea surface covering the time period of 50 years. (month 16)

Task 2.2.2 Aannual-decadal modifications to the mean sea surface data time series , based on ERS, ENVISAT and ICESat data for the satellite period (1993-2008). (month 16)

Task 2.2.3: Derivation of mean dynamic topography model  using the new Earth gravity model EGM08 and later improvements.  . (month 16)
Deviations

No deviations

Outlook

WP2.2 will complete the above tasks and close in month 16 delivering the following (all month 16)
D2.2.1 - Improved mean sea surface model covering 50 years for the Arctic Ocean 
D2.2.2 - The annual-decadal modifications of the mean sea surface data time series for the satellite period (1993-2008),
D2.2.3 - Improved dynamic topography model for the Arctic Ocean
Sub-Workpackage 2.3 Change in mass balance of the Greenland ice sheet and its transfer to sea level rise
Participating partners: NERSC, CNRS, DTU

Task 2.3 will assess results of overall Greenland mass balance by comparison and synthesis of different satellite-based data and estimation methods. This will provide improved estimates of current estimates of total freshwater input into the ocean from the ice sheet melt, as well as the contribution of Greenland ice mass loss to sea level rise.
Spatial–temporal variability and changes of Greenland ice sheet elevation from 1992 to 2008 are analyzed from merged ERS-1, ERS-2 and Envisat satellite radar altimeter data. A methodology for determining inter-satellite biases was developed and applied in order to merge measurements from these different satellites and create continuous and consistent time series. Adjustment of elevation time series for its dependence on backscatter coefficient and other waveform parameters substantially reduced the amplitude of elevation seasonal variations and locally corrected elevation change-rate estimates by up to several cm/year. 

A manuscript summarizing this work is soon ready for publication (Khvorostovsky et al., 2011) There are no deliverables from WP2.3 due  in year 1.

Deviations

No deviations

Outlook
Three deliverables are due month 16, while one in month 36
D2.3.1 - Time series of satellite altimetry height changes of the Greenland ice sheet, year since 1992 expressed as height change grids. Month 18.

D2.3.2 - Grid of ICESat height changes, average trend 2003-2008. Month 18.

D2.3.3 – Gridded time series of GRACE-based Greenland mass changes. Month 18.

D2.3.4 - Time series of Greenland ice sheet mass balance from 1992 to present (combining all techniques) and improved “overall” freshwater input trend to the oceans surrounding Greenland and sea level contribution. Month 36
Relevant publication

Khvorostovsky, K. Merging and analysis of elevation time series over Greenland Ice Sheet from satellite radar altimetry. IEEE, IEEE Trans. Geosci. Remote Sensing, 2011, submitted revision.
Sub-Workpackage 2.4 Assessing uncertainty of existing reanalyses and simulations over the Arctic

Participating partners: UHAM, NERSC, UiB, DTU
Objectives

- Evaluate existing ocean reanalyses and simulations, assessing their quality through an intercomparison against observations and thereby identifying the reasons for discrepancies among currently available analyses. 

- Identify key processes that drive interannual to decadal variability in key components of the high latitude and the Arctic Ocean 

Task 2.4.1: Exploit existing ocean analyses, simulations and reanalyses which have been produced recently by our project partners to evaluate the quality of products provided by different methods (month 12). 
Models participating in the comparison have been the following:

· Regional setup of MITgcm model ATL (Serra et al., 2010) in three different resolutions from the Institute of Oceanography, University of Hamburg

· Regional setup of MICOM model (Hátún et al., 2005) from the Nansen Environmental and Remote Sensing Center.
· Global setup of MPIOM model (project STORM https://verc.enes.org/community/projects/national-projects/german-projects/storm/) from the Max Planck Institute for Meteorology.
Simulations of Arctic Ocean characteristics in several regional and global models, forced by NCEP ERA1 atmospheric reanalysis have been compared against available observations and climatologies. There is a large spread among models, however the different models appear to have distinct strength and weaknesses.
ATL runs reproduce very well both surface and intermediate circulation of the Arctic Ocean and  spatial distribution of the SSH. MPIOM have almost perfect agreement of temperature and salinity in Eurasian Basin with climatology, but have wrong circulation of intermediate layer in Amerasian sector of the Arctic. MICOM have very cool intermediate waters, but reproduce mixed layer, have signs of Cold Halocline and is the best in simulating mean seasonal cycle of sea ice extent. 

The variability in ocean surface circulation together with sea ice drift and sea ice extent  are to a large degree determined by the atmospheric forcing and sea ice model formulation, rather than model resolution and behavior of the deeper ocean circulation. Higher resolution ATL runs reproduce more details of the water flow, and improve the vertical structure.
We believe that for future reanalysis it is sufficient to have MITgcm model setup with 15 km resolution. This will allow the reproduction of the ocean circulation with sufficient details, with modest demand for super computer resources. 

Deviations

No deviations

Relevant publication
Serra, N., Käse, R. H., Köhl, A., Stammer, D., Quadfasel, D., 2010. On the low-frequency phase relation between the Denmark Strait and the Faroe-Bank channel overflows. Tellus A 62 (4), 530-550.

Gao, Y., 2004. Simulating transport of non-Chernobyl 137Cs and 90Sr in the north Atlantic–Arctic region. Journal of Environmental Radioactivity 71 (1), 1-16.

Hátún, H., Sandø, A. B., Drange, H., Hansen, B., Valdimarsson, H., Sep. 2005. Influence of the Atlantic subpolar gyre on the thermohaline circulation. Science 309 (5742), 1841-1844.

Kalnay, E., Kanamitsu, M., Kistler, R., Collins, W., Deaven, D., Gandin, L., Iredell, M., Saha, S., White, G., Woollen, J., Zhu, Y., Leetmaa, A., Reynolds, B., Chelliah, M., Ebisuzaki, W., Higgins, W., Janowiak, J., Mo, K. C., Ropelewski, C., Wang, J., Jenne, R., Joseph, D., Mar. 1996. The NCEP/NCAR 40-Year reanalysis project. Bulletin of the American Meteorological Society 77 (3), 437-471.

Fowler, C. 2003, updated 2008. Polar Pathfinder Daily 25 km EASE-Grid Sea Ice Motion Vectors. Boulder, Colorado USA: National Snow and Ice Data Center. Digital media.

Rudels, B., Jones, E.P. and Anderson, L.G., 1994. On the intermediate depth waters of the Arctic Ocean. In: Johannessesn, O.M., Muench, R.D. and Overland, J.E., Editors, 1994. The polar oceans and their role in shaping the global environment, The Nansen Centennial Volume, pp. 33–46.

Karcher, M., Kauker, F., Gerdes, R., Hunke, E., Zhang, J., Apr. 2007. On the dynamics of atlantic water circulation in the arctic ocean. Journal of Geophysical Research 112 (C4), C04S02+.

Holloway, G., Dupont, F., Golubeva, E., Häkkinen, S., Hunke, E., Jin, M., Karcher, M., Kauker, F., Maltrud, M., Morales Maqueda, M. A., Maslowski, W., Platov, G., Stark, D., Steele, M., Suzuki, T., Wang, J., Zhang, J., Mar. 2007. Water properties and circulation in arctic ocean models. Journal of Geophysical Research 112 (C4), C04S03+.

Arctic Climatology Project. 1997. Environmental Working Group joint U.S.-Russian atlas of the Arctic Ocean - winter period. Edited by L. Timokhov and F. Tanis. Ann Arbor, MI: Environmental Research Institute of Michigan in association with the National Snow and Ice Data Center. CD-ROM.

Arctic Climatology Project. 1998. Environmental Working Group joint U.S.-Russian atlas of the Arctic Ocean - summer period. Edited by L. Timokhov and F. Tanis. Ann Arbor, MI: Environmental Research Institute of Michigan in association with the National Snow and Ice Data Center. CD-ROM.

Steele, M., R. Morley, and W. Ermold, PHC: A global ocean hydrography with a high quality Arctic Ocean, J. Climate, 14, 2079-2087, 2001.

Antonov, J. I., S. Levitus, T. P. Boyer, M. E. Conkright, T. D. O’Brien, and C. Stephens, 1998: World Ocean Atlas 1998 Vol. 1: Temperature of the Atlantic Ocean. NOAA Atlas NESDIS 27, 166 pp.

Boyer, T., Levitus, S., Garcia, H., Locarnini, R., Stephens, C. and coauthors. 2005. Objective analyses of annual, seasonal, and monthly temperature and salinity for the World Ocean on a 0.25◦ grid. Int. J. Climatol. 25(7), 931–945.

Cavalieri, D., C. Parkinson, P. Gloersen, and H. J. Zwally, 1996, updated 2008: Sea ice concentrations from Nimbus-7 SMMR and DMSP SSM/I passive microwave data 1980–1999. National Snow and Ice Data Center, digital media. [Available online at http://nsidc.org/data/nsidc-0051.html.]

Semtner, A. J.: A model for the thermodynamic growth of sea ice in numerical

investigations of climate, J. Phys. Oceanogr., 6, 379–389, 1976.
Kwok, R., Morison, J., Jan. 2011. Dynamic topography of the ice-covered arctic ocean from ICESat. Geophysical Research Letters 38 (2), L02501+.
Task 2.4.2: Through a set of focused sensitivity experiments with analysis systems it will establish what are the key factors required to estimate the current Arctic state (month 18) 

· resolution of eddy and boundary current processes; 
· choice of covariances in assimilating observations; 
· critical levels of data density (e.g. Argo); 
· relative value of different data sources in constraining the ocean circulation estimates.
One of the main goals is to provide dynamically consistent reanalysis of the Arctic Ocean over the last 50 years, allowing better understanding of water mass formation, circulation, sea level, sea ice extent and sea ice thickness changes in this region. It will also allow for detailed examination of the consistency between the steric height (vertical temperature and salinity effect), the mean sea surface height and the mean dynamic topography.
Most of the data available over Arctic region do not have the same quality as is usual for other regions of the World Ocean. As emphasized above, the quality and availability of satellite altimetry is hampered by sea ice, and not available at all above 82°N for radar altimetry. Furthermore, variability in the storm track causes variations both in the local marine and terrestrial climates and is a major cause of variability in Arctic marine ecosystems at seasonal to decadal time scales. However, the atmospheric wind forcing models are not fully manifesting this. Satellite wind field retrievals for the high latitude and Arctic regions from the last 15-20 years is therefore potentially a very valuable source of information for looking at the role of extremes on seasonal-to-interannual scales. 

Assessing a high-quality in situ data base for the Arctic is also a major challenge. A second important objective is, therefore, to assess the quality of all available historical data in the Arctic region during the last 30-50 years. Since, most of the data will be incomplete in both spatial and temporal coverage and often are not overlapping it will be important to use models for their interpretation, such as carried out and reported in D2.4.1.
From tasks 2.4.1 and 2.4.2 the following deliverables have been completed:
D2.4.1 - Assessment of existing descriptions of the Arctic Ocean circulation and its transport properties. M12
D2.4.2 - Assessment of shortcomings that need to be improved through an Arctic Reanalysis m12
Deviations
No deviations
Outlook

The results of the exploitation and analyses of several existing long-term simulations of the Arctic Ocean delivered in D2.4.1 will allow us to evaluate the quality of recent simulation products provided by a range of ocean models forced only by atmospheric forcing, without data assimilation. This will furthermore be combined with important new input from D2.2.1, D2.2.2 and D2.2.3 on the improved estimates of the mean sea surface and its annual to decadal variability together with improved determination of the mean dynamic topography.  In turn, the main challenges and specific need for further advances can adequately be identified (at month 18). Moreover, this will ease the choice of model setup for the data assimilation during the reanalysis to estimate the state of the Arctic Ocean over the last 50+ years, such as:  
· model domain;

· resolution of eddy and boundary current processes; 
· choice of covariances in assimilating observations; 
· critical levels of data availability and density (e.g. Argo); relative value of different satellite and in-situ data sources in constraining the ocean circulation estimates;

· relative value of availability of reliable freshwater runoff data from the major rivers around the Arctic rim.

Finally, whenever possible, we will compare and validate the results with the best available observations not used in the reanalyses.
D2.4.3 - Assessment of existing data base. M16
Sub-Workpackage 2.5 Improved estimate of the sea level and the ocean circulation of the Arctic

Objectives

Produce an improved Arctic reanalysis, using the time series derived in WP2.1 as constrains and using dynamically consistency as a criterion for assessing the quality. The estimate will be dynamically consistent and will provide a best possible description of the circulation of the Arctic, of sea level, of ocean and ice transports and of surface forcing fields over the last 60 years, as well as run-off required to bring the model into consistency with all available data sets. The optimization will be performed in close collaboration with WP 4.
The work of this WP will be finished in month 36 and will start after the previous subtasks are finished. 

Outlook

The work will start  in month 16  and produce 4 deliverables due in month 36

D2.5.1 - Improved estimate of the ocean circulation and sea level with at least 1/6 ° spatial resolution.

D2.5.2 - Improve ECVs over the Arctic Ocean, including sea ice cover, sea ice transports, sea level and ocean transports of heat and freshwater. 

D2.5.3 – Assessment of using high resolution satellite based wind field observations.  

D2.5.4 - The resulting system will be a pilot system of fast track services with climate relevance over the Arctic.
Sub-Workpackage 2.6 Improved estimate sea ice fluxes and the freshwater cycle in the Arctic Ocean

Participating partners: DTU, NERSC, UHAM
Objectives

Sea ice thickness is a major limitation in the measurement of mean sea surface heights, and thus the derivation of realistic mean dynamic topography, and thus providing independent remote sensing constraints on Arctic Ocean circulation models. The changes in sea ice motion and transport, especially in and out of the Arctic straits, can be assessed using satellite data, together with gridded fields of ice thickness and mean sea level anomalies. 

The total volume of sea ice, its seasonal melting and freezing, the regional variability and the fluxes through the straits can be estimated from a combination of satellite observations, model simulations and in-situ data (upward looking sonar). This assessment will build on observations provided in WP 2.1, independent in-situ data, and on the estimates provided in WP 2. 4.
Work for the following two task is ongoing and will be finished in month 18.
No deliverables are due during year 1.
Task 2.6.1:  Development of ice thickness time series from ICESat and CryoSat (when available).
 An updated ArcGP/EGM08 geoid model is employed together with ICESat 40 Hz data to recover freeboard data. Algorithms for thickness retrieval are being improved based on in-situ data collected during especially ESA CryoSat campaigns 2003-2010 and the EU Damocles project 2007-8. The ice thickness is  computed in grids corresponding to the grids used in WP2.4, and correlated with other modelled and observed climate parameters.

Task 2.6.2: The time series of sea ice thickness are used in combination with model results and assimilation results to obtain improved estimates of sea ice volume fluxes. These fluxes represent a component of the freshwater cycle in the Arctic, where freshwater increase and decrease due to melting/freezing of sea ice and freshwater import/export to/from certain regions of the Arctic.
Deviations

None
Outlook

The work in tasks 2.6.1 and 2.6.2 will be completed to deliver the following:
D2.6.1 - Time series of grids of sea ice thickness, and improved SSH measurements, 2003-2008 (for the 3-yearly laser periods), with comparisons to selected ocean models and field-calibrated satellite data. M18
D2.6.2 - Ice volume flux time series across the Fram Strait and other outlets (Bering Strait, Nares Strait) based on satellite data (2003-). M18
D2.6.3 - Freshwater flux time series grids for the Arctic Ocean based on modelled Greenland freshwater output, river discharge and sea ice flux and melt. M18
D2.6.4 - Computed time series of GRACE signals from freshwater flux pulses and comparison to satellite data. M36
Work package 3:  Changes in marine carbon cycle
Lead partner: UiB

The overall objective of WP3 and its 3 sub-WPs is
Summary of progress

The progress in WP3 with all its sub-workpackages is well on track. The work is described below in detail. 
Sub-Workpackage  3.1 In-situ and remotely sensed observations on the inorganic carbon cycle:

Participating partners: UiB
Task 3.1.1: Collate existing observational data sets:
So far we have focused on getting the needed datasets from in-situ observation ready for the international scientific community, in particularly the MONARCH-A community, and a lot of the results are already published in several scientific papers, Jutterström et al. 2009, Fig. 1 , Key et al. 2010, Olsen et al. 2009, Fig. 2 , Tanhua et al, 2009 a and b) and will be in new once to come. These publications make up the core of the CARINA/GLODAP style of database and will be important addressing the potential change in the ocean inorganic carbon cycle, either as an increased C-transport from Russian River systems into shelf regions and into the open ocean, through deep water formation in the Greenland Sea and general inorganic C-uptake in the Arctic regions:
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Figure 1: Showing the Arctic data already in Jutterström et al. 2009, containing the GLODAP data quality assessment and now available for the MONARCH-A community.
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Figure 2. Showing the data from the Nordic Seas published in Olsen et al. 2009, containing the GLODAP data quality assessment and now available for the MONRARH-A community.
D3.1.1: Consistent data bases of inorganic marine carbon cycle data including derived quantities, including meta-information on data quality and statistics (coverage in space and time). (Month 12) 
The CARINA data base—which includes the carbon cycle variables dissolved inorganic carbon, alkalinity, and dissolved nutrients (N, P, and Si)—has been quality controlled and is publically available from the Carbon Dioxide Information Analysis Centre (http://cdiac.ornl.gov/oceans/CARINA/) along with software to handle the data.  The data and the quality controls are described in a special issue of the Earth System Science Data Journal (http://www.earth-syst-sci-data-discuss.net/special_issue2.html).  Note especially the publication of (Key et al., 2010) on the overall data set and (Jutterström et al., 2009), (Olsen et al., 2009), and (Tanhua et al., 2009a) for the Arctic Ocean, Nordic Seas, and Atlantic Ocean data respectively.  The overall uncertainty in the dissolved inorganic carbon and alkalinity in the CARINA data base is 4-5 umol kg-1, for more details on this see (Tanhua et al., 2009b).

The work on the SOCAT data base—which includes the carbon cycle variable sea surface pCO2 and associated variables like sea surface temperature and salinity—is finished.  The data has gone through secondary quality controls, and will become publically available by September 2011, while the data are delivered and available for MONARCH-A (month 12)

 Deviation from expected progress

No deviation
Outlook 

Outline activities for next 6-12 months 
Next step will be and are already partly done in: Jutterström et al. 2009, Key et al. 2010, Olsen et al. 2009, Tanhua et al, 2009 a and b.:
Task 3.1.2: Integrated comprehensive records of ECVs: 

The work in this task has just started using the data sets from 3.1.1. The deliverable D3.1.2 is expected to be completed in month 18 according to schedule:

D3.1.2: Co-located multi tracer data sets of biogeochemical (from task 3.1) and physical variables (from tasks in other WPs) including error estimates. (Month 18)
Task 3.1.3: Produce monthly fields of pCO2 and pH:

The work will commence during the fall of 2011 using the data sets from 3.1.1. The deliverable D3.1.3 is expected to be completed in month 24 according to schedule:
D3.1.3: Monthly fields of sea-surface pCO2, pH, carbonate saturation state and air-sea CO2 fluxes. (Month 24)
PUBLICATIONS

Jutterström, S., Anderson, L.A., Bates, N.R., Bellerby, R., Johannessen, T., Jones, E.P., Key, R.M., Lin, X., Olsen, A., Omar, A., 2009. Arctic Ocean data in CARINA. Earth Syst. Sci. Data 2 (281-308).

Key, R.M., Tanhua, T., Olsen, A., Hoppema, M., Jutterström, S., Schirnick, C., Van Heuven, S., Kozyr, A., Lin, X., Velo, A., Wallace, D.W.R., Mintrop, L., 2010. The CARINA data synthesis project: introduction and overview. Earth Syst. Sci. Data 2, 105-121.

Olsen, A., Key, R.M., Jeansson, E., Falck, E., Olafsson, J., Van Heuven, S., Skjelvan, I., Omar, A., Olsson, K.A., Anderson, L.A., Jutterström, S., Rey, F., Johannessen, T., Bellerby, R.G.J., Blindheim, J., Bullister, J.L., Pfeil, B., Lin, X., Kozyr, A., Schirnick, C., Tanhua, T., Wallace, D.W.R., 2009. Overview of the Nordic Seas CARINA data and salinity measurements. Earth Syst. Sci. Data 2, 1-25.

Tanhua, T., Steinfeldt, R., Key, R.M., Brown, P., Gruber, N., Wanninkhof, R., Perez, F., Körtzinger, A., Velo, A., Schuster, U., Van Heuven, S., Bullister, J.L., Stendardo, I., Hoppema, M., Olsen, A., Kozyr, A., Pierrot, D., Schirnick, C., Wallace, D.W.R., 2009a. Atlantic Ocean CARINA data: overview and salinity adjustments. Earth Syst. Sci. Data 2, 241-280.

Tanhua, T., Van Heuven, S., Key, R.M., Velo, A., Olsen, A., Schirnick, C., 2009b. Quality control procedures and methods of the CARINA database. Earth Syst. Sci. Data 2, 205-240.


Sub-Workpackage  3.2 In-situ and remotely sensed observations on marine ecosystems
Participating partners: NIERSC, NERSC
Summary of progress
The primary production rates and associated multi-year trends are separately established for the ice-free pelagic area of the Arctic Basin and for shelf seas. Cumulative trends are calculated. The work for deliverable D3.2.1 is completed and will be reportred month 18 according to schedule.  
The inorganic carbon input due to blooms of coccolithophore E. huxleyi is being assessed. Presently, the respective satellite (MODIS) data are downloaded, processed with the NIERSC dedicated algorithm and columnar concentration of inorganic carbon is being assessed using the TOPAZ MLD data.
Task 3.2.1. Collection of archival data on the parameters relevant to primary production
Table 1 lists the phytoplankton-relevant parameters, sources of information (solely remote sensing and model) and spatial resolution that were collected.


[image: image6.emf]Parameter Source  Period Resolution

cloudiness  ERA- INTERIM 1997-2009 1.5

°

GLOBCOLOR  1998-2009 4km

Wind(speed & direction) BLENDED Sea Winds 1998-2009 0.25

°

x 0.25

°

Mix layer depth(MLD)

OCEAN MIXED LAYER DEPTH CLIMATOLOGY

1961-2008 2

°

x2

°

HYCOM  1998-2009 4km

SST Pathfinder (AVHRR) 1985-2009 4km

HYCOM 1998-2009 4km

Rrs(All) Oceancolor -MODIS-L3  2002-2009 4km

Oceancolor -SeaWIFS-L3  1998- 2009 9 km

Chl Oceancolor -MODIS-L3  2002-2009 4km

Oceancolor -SeaWIFS-L3  1998- 2009 9 km

Oceancolor -MODIS-L3+GSM 2002-2009 4km

Oceancolor -SeaWIFS-L3+GSM 1998- 2009 9 km

GLOBCOLOR- CHL1- case 1 waters 

GSM+SWF

1997-2009 4km

GLOBCOLOR- MER+ MOD +SWF 2002-2009 4km

GLOBCOLOR- CHL2- case2 waters 

MER-averaging

2004 4km

Ocean Productivity –MOD+GSM 2002-2007 9km

Ocean Productivity –SWF+GSM 1998-2007 9km

 

Table 1. Phytoplankton-relevant parameters, sources of information and spatial resolution
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Figure 3. The data collection sites in the Arctic Ocean Basin and the years of recording.
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Figure 4. Spatial distribution of PP values measured in situ [g C/y]
Task 3.2.2.  Quantification of the distribution of phytoplankton, with respect to pigment biomass. 

To quantify the phytoplankton chl concentration in the surface waters of the Arctic the following computer programmes/codes were exploited:

Conversion of data module: 

indexGriding – calculates the  index for converting data in  the chosen projection 
Data regrinding  module: 

Regriding – reads data and calls  up  the function indexGriding, converts the projection of all data and saves each product for all years in a single file

Averaging – creates  the climatological field  for  each parameter and every month

gm- searches reprocessed data for the necessary month and year

Visiol –  visualizes data, adds a mask of land and cloudiness  

Data saving module: 

Saving function
Configuration file module: 

filesList - configuration file, contains an array with input parameters for all functions 
The gridded data were converted in common format and projection (Lambert Azimuthal Equal-Area)
The following chl retrieval algorithms (exclusively for off-coastal and ice-free Arctic tracts) were exploited for processing both SeaWiFS and MODIS informaton: OceanColor Data (both NASA standard and GSM algorithms), Behrenfield (1997 and 2005 algorithms as well as the BOREALI algorithm for shelf seas.

Task 3.2.3. Quantitative assessment of primary productivity in the Arctic including pelagic and coastal regions from satellite measurements: 

Based on the retrieved chl concentrations,  a comparative maps of primary productivity in the MLD were computed and  drawn. The MLD assessments were performed using the improved TOPAZ model. The quantification of water column primary production in the pelagic waters was attained making use of the Mara (2003) and Behrenfeld (1997, 2005) models/algorithms. The retrieved PP values were compared with respective in situ columnar measurements and it was found that the Behrenfeld 1997 yields retrieval results  (for 2002-2005) closer to the respective in situ measurements.

Task 3.2.4.  Quantitative assessment from satellite measurements of suspended inorganic carbon release into the ocean due to coccolithophore blooming.

An extensive database of satellite, model and reanalysis data from MODIS  were downloaded and further processed with the NIERSC algorithm, which permits to retrieve simultaneously the concentration of E. huxleyi (via chl concentration),  chl concentration of the co-existing diatom algae, and the number of detached coccoliths. The latter are considered ad sources of inorganic carbon release into the ocean. Monthly averaged Level 3 MODIS data from the Ocean colour Project were employed. TOPAZ model MLD data were used for determining columnar concentrations of the above constituents.

In the time remaining before the fixed month of deliverables provision. Maps of spatio-temporal distribution of E. huxleyi blooms will be generated and the respective trends will be established.
Task 3.2.5. Assessment of trends in the past/in situ measured and remotely sensed ECVs relevant to marine carbon cycle for the available time periods. 
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 Figure 5. Primary productivity  (monthly mean values) for the time period 1998-2010 On the vertical: PP (mgC/month)

Trends of PP interannual variations ( monthly mean values) as obtained through application of the Behrenfeld (1997, 2005) models/algorithms to  SeaWiFS data processed with the NASA GSM code were plotted for the time period 1998-2010 are nearly zero indicating either no or very insignificant dynamics (Fig. 5) However, when the cloudiness effect is properly taken into account, the trends exhibit some rise over the decade of satellite observations for all three algorithms.

PP was also calculated for the shelf seas. As essentially case II waters, generally also rich in suspended minerals and dissolved organic matter, we employed the BOREALI algorithm developed specifically for such kind of waters. The depth of the euphotic depth was determined via the coefficient of downwelling radiance attenuation at ( =490 nm,  K(490). In the shelf seas in the Artic (recipients of extremely full-flowing rivers, such as Ob, Yenisei, Lena and some others), the euphotic depth is generally less than MLD.  This simplification permits to assess the columnar PP using the same Marra and Behrenfeld algorithms, but with more accurately determined chl and the productive water column. Such calculations have been done and spatio-temporal fields of PP were drawn, their trends determined and cumulative PP trends were established.

Deviation from expected progress

No deviation

Outlook 

Within the remaining time (12 months ahead) the data and their planned analyses on inorganic carbon will be terminated in accordance with the work plan. Primary and CaCo3 production time series will be provided in months 18 and 24, respectively (D3.2.1 and D3.2.2).
D3.2.1: Primary productivity time series (biological organic carbon production by phytoplankton) as gridded data sets for the time of available high quality remotely sensed data for the Arctic Ocean. (Month 18)

D3.2.2: CaCO3 production time series as gridded data sets for the time of available high quality remotely sensed data for the Arctic Ocean. (Month 24 )
Task 3.2.1. Collection of archival data on the parameters relevant to primary production
Task 3.2.2.  Quantification of the distribution of phytoplankton, with respect to pigment biomass. 

Task 3.2.3. Quantitative assessment of primary productivity in the Arctic including pelagic and coastal regions from satellite measurements: 

Task 3.2.4.  Quantitative assessment from satellite measurements of suspended inorganic carbon release into the ocean due to coccolithophore blooming.
Task 3.2.5. Assessment of trends in the past/in situ measured and remotely sensed ECVs relevant to marine carbon cycle for the available time periods. 
Sub-Workpackage  3.3 Integration of observations with biogeochemical ocean model  hindcast 

Participants: UiB, UHAM
Task 3.3.1: Spin-up for synoptically forced coupled physical biological ocean model MICOM-HAMOCC 

Though this task will officially start in about 6 months from now, some preparatory work has already been carried out. UiB is currently switching from the first Norwegian interactive carbon cycle climate model BCM-C (Tjiputra et al., 2010a) - including the components atmosphere physics (ARPEGE), ocean physics (MICOM), ocean biogeochemistry (HAMOCC), and land biogeochemistry (LPJ) – to the Norwegian Earths  system model NorESM – which is build on the NCAR CESM (community Earth system model) model system for NCAR CAM (atmosphere, with Univ. of Oslo modifications), NCAR CLM4 (land biogeochemistry, land surface), but with a different ocean system including  MICOM (ocean phsycis) and HAMOCC (ocean biogeochemistry). BCM-C will be phased out by and by as the necessary openMP supercomputer resources will not be available anymore in near future. The coupled MICOM-HAMOCC ocean physical-biogeochemical global ocean general circulation model is also in stand-alone mode run within the CESM environment (including model component couplers) of NorESM in order to manage the code versions and experiments in a consistent way to the fully coupled model runs. CICE is used as seaice module. So far a several hundred years spin-up of the stand-alone ocean model has been carried out. The second spin-up will be carried out after some code revisions and parameter adjustments. The overall tracer patterns look promising in the first spin-up, but bulk values of primary production need improvement. The first spin-up was carried out with a CORE forcing normal year. We think of spinning up the model alternatively for some time with repeated cycles of synoptic forcing.  
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Figure 6: Accumulated fluxes of anthropogenic carbon Cant) from the atmosphere to the sea (blue-line) and compared to horizontal fluxes (red-line) into different ocean regions during 1850–2099 period. Negative values indicate out of the region and vice versa. All fluxes are given in (PgC).  Regions are definitions: Arctic (ARC, >66 deg N), North Atlantic (NAT, 18 deg N–66 deg N), North Pacific (NPA, 18 deg N–66 deg N), Tropical Atlantic (TAT, 18 deg S–18 deg N), Tropical Pacific (TPA, 18 deg S – 18 deg N), Tropical Indian (TIN, 18 deg S – 25 deg N), mid latitude Southern Ocean (SOC1, 58 deg S – 18 deg S), high latitude Southern Ocean (SOC2, >58 deg S). Arrow-number pairs show accumulated transport fluxes of Cant between regions for the period 1850-2099. Numbers inside parenthesis indicate the storage of Cant in the respective region at the end of experiment period. (Tjiputra et al.,  2010b)
In order to illustrate the air-sea fluxes of CO2 for the sub-Arctic and Arctic seas, we include here a result from BCM-C, where the regional contributions of different ocean basins to interior ocean transport of anthropogenic carbon and  transport across the air-sea interface over time have been quantified (Tjiputra et al., 2010b, Fig. 6)
From this analysis, earlier studies can be confirmed, that the Arctic Ocean is only a minor uptake area for human produced CO2. A throrough analysis of Arctic Ocean carbon cycling is nevertheless essential because – due to the temperature dependencies of the solubility of CO2 and the dissociation constants of carbonic acid as well as due to the fairly stable stratification -  the change of pH and carbonate saturation (“ocean acidification”) is most pronounced in high latitude surface waters.  

Task 3.3.2: First order validation of the spun-up model against physical and biogeochemical variables and model improvement through sensitivity experiments through comparison against climatological data 
This task will start as soon as a useful spin-up of the model is available. Certainly, the MICOM-HAMOCC results are assessed during the spin-up phase repeatedly on some model parameter adjustments will be made in order to ad-hoc bring the model as close as possible to the observations within the given time frame. 

Task 3.3.3a: Comparison of the anthropogenic carbon air-sea carbon fluxes of the GECCO Re-analysis  (optimised physical model with abiotic carbon cycle model using constant alkalinity and background DIC) for prescribed atmospheric CO2 partial pressure with the respective fluxes from the full biogeochemical hindcast model. 

This work is scheduled to start later on in the project. Nothing to report as yet.
Task 3.3.4: Production of gridded time series (last 50 years) for surface ocean pCO2, biogenic particle production (primary and export), marine carbon, nutrient, and oxygen budgets, including changes in pH value and carbonate saturation in relation to climate change and rising atmospheric CO2 concentration. Vulnerability analysis on largest - potentially observable – gradients.
This work is scheduled to start later on in the project. Nothing to report as yet.
Deviation from expected progress

No deviations

Outlook 

The following deliverables are expected:
D3.3.1: Spin-up of coupled physical biogeochemical ocean model run suited for subsequent time dependent data production in relation to climate change and rising atmospheric CO2 including validation (a. with free atmospheric CO2, b. with prescribed atmospheric CO2). (Month 24) 
D3.3.2: Modelled time series of surface ocean CO2 partial pressure, air-sea CO2 flux (total, natural, anthropogenic), biological export production, and further biogeochemical variables in relation to climate change and rising atmospheric CO2 for the northern high latitudes and the Arctic and respective changes in marine Arctic carbon budget over the past 50 years (a. with free atmospheric CO2, b. with prescribed atmospheric CO2). (Month 35)

D3.3.3: Reanalyses of oceanic anthropogenic carbon uptake, transports in the Arctic and the GIN Sea as well as the carbon export into the North Atlantic over the past 50 years (a. with free atmospheric CO2, b. with prescribed atmospheric CO2). (Month 35)
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[image: image13.jpg]		Parameter		Source 		Period		Resolution

		cloudiness 		ERA- INTERIM		1997-2009		1.5°

				GLOBCOLOR 		1998-2009		4km

		Wind(speed & direction)		BLENDED Sea Winds		1998-2009		0.25°x 0.25°

		Mix layer depth(MLD)		OCEAN MIXED LAYER DEPTH CLIMATOLOGY		1961-2008		2°x2°

				HYCOM 		1998-2009		4km

		SST		Pathfinder (AVHRR)		1985-2009		4km

				HYCOM		1998-2009		4km

		Rrs(All)		Oceancolor -MODIS-L3 		2002-2009		4km

				Oceancolor -SeaWIFS-L3 		1998- 2009		9 km

		Chl		Oceancolor -MODIS-L3 		2002-2009		4km

				Oceancolor -SeaWIFS-L3 		1998- 2009		9 km

				Oceancolor -MODIS-L3+GSM		2002-2009		4km

				Oceancolor -SeaWIFS-L3+GSM		1998- 2009		9 km

				GLOBCOLOR- CHL1- case 1 waters GSM+SWF		1997-2009		4km

				 GLOBCOLOR- MER+ MOD +SWF		2002-2009		4km

				GLOBCOLOR- CHL2- case2 waters MER-averaging		2004		4km

				Ocean Productivity –MOD+GSM		2002-2007		9km

				Ocean Productivity –SWF+GSM		1998-2007		9km














