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Oil & gas fields in the Barents Region and Yamal 	

World class deposits: most of them not yet tapped or in full production

*	


*	


*	


2004, 2005, 2011	


2007	
2006	


2010	

*	




Multidisciplinary Goals 	


•  Truly interdisciplinary assessment of social-ecological 
resilience in recent decades in response to 	

–  intensive oil & gas development	

–  rapid climate change	


•  Comparison between two key federal districts 	

–  Yamal-Nenets Autonomous Okrug (YNAO) - mainly natural gas	

–  Nenets Autonomous Okrug (NAO) - mainly oil	


•  Disciplines involved	

–  social anthropology (participant observation)	

–  geography (remote sensing, mapping)	

–  ecology (vegetation science, dendroclimatology)	




NASA and other recent projects were designed to consider primarily oil & gas activities because 
these were what herders themselves cited as the most important factors affecting them. Still, the 
summer and winter decadal warming trends for Nenets and Yamal-Nenets Autonomous Okrugs 

reveal that during the ≈34 yr period from 1975 to 2009 air temperatures have increased from ≈2+
°C. Thus, the signals of warming have been observed year-round by Nenets reindeer herders.	


Data from http://data.giss.nasa.gov Data from http://data.giss.nasa.gov 



Reindeer provide the most important set of provisional ecosystem services in the tundra 
Nenets regions, but fish are also critically important, especially during summer migration	


Food	


Clothing	


Shelter	


and Companionship!! 	




Some impacts accumulate 
in space & time, e.g. 

vehicle tracks, road dust & 
hydrological changes. 

Many comprise essentially 
permanent additions to the 

landscape. To date, 
however, people and 
animals have adapted 
remarkably well via a 
variety of strategies.	


A modern gas field has many direct and indirect impacts on the ground that have implications for 
both ecological and social aspects of the system. Herders are forced to adapt to these.	




One important topic is the extent and pace 
of changes in reindeer pasture quality 
associated with industrial disturbance. We 
take a multidisciplinary approach for more 
holistic understanding of the processes 
underlying the observed patterns. This 
requires that the researchers not only work 
in the same study areas in each region, but 
struggle to answer similar questions from 
different perspectives, thus fostering the 
co-production of knowledge from scientists 
and herders. Nenets do not use the 
language of resilience, but the topics they 
raise clearly focus on adaptation over time.	


 Participant observation means that certain questions	

can be addressed in real time as the relevant issues arise	


Florian Stammler makes oral notes near Bovanenkovo	


Nuclear families remain the norm in YNAO but not in NAO	


Trash and toxic spills on tundra can injure reindeer	




Visible impacts of Bovanenkovo gas field on summer pastures as of 2005 	


•   Brigade 4: 225 km2  out of total 1019 km2 summer pasture (22%)	

•   Brigade 8: 200 km2  out of total 796 km2 summer pasture (25%)	


(Forbes et al. 2009, PNAS)	




Very high-resolution imagery (Quickbird-2) aids in discussions of spatial 
aspects of change as informants were able to recognize virtually all 

locations on the ground. Social as well as ecological matters are raised.	


(Forbes et al. 2009, PNAS)	




One of the most important 
social factors for resilience 

is the level of youth 
retention, since most 

Nenets children choose to 
remain in the tundra and 

continue reindeer herding. 
This is the case in spite of 
the extreme difficulty of 

herding as a livelihood and 
their intimate knowledge of 
the world outside Yamal. 

Why? It is a rewarding life.	




Goetz	  et	  al	  2006	  

Verbyla 2008	


The Greening and the Browning of the Arctic and Boreal regions 
has received ample attention. However, ground-level quantitative 
data has been lacking for the Eurasian Arctic tundra zone	


Goetz et al. 2005	




•  Prior to our shrub studies in NW Eurasia we had documented qualitative observations by nomadic Nenets 
reindeer herders of increases in willow size in the tundra zone east and west of the Polar Ural mountains 	


•  Herders in their 50s who have been using the same migration routes and campsites noted that formerly 
low-lying thickets in the 1970s, used as key forage, are now overtopping the antlers of their animals	


•  Russia officially manages its herding territories according to carrying capacity models, which have 
assessed for many decades that Nenets reindeer pastures are moderately to severely overgrazed	


•  In Fennoscandia and Greenland there is a discussion underway that herbivory may be actively exploited 
to check increases in shrub height/abundance to preserve open tundra under a warming climate	


Forbes & Stammler 2009, Polar Research	




Salix and Alnus thickets, Polar Ural foothills, Yamal	
 Salix and heavy reindeer grazing on Yamal	


Dendroclimatology: a new tool in the tundra	

•  It is only in recent years that the utility of deciduous tundra shrubs has 

begun to be fruitfully exploited for reconstructing Arctic climate 	

•  Edwards et al. (Ecology 2005) argue based on palaeo data (pollen/macro 

fossils) from E Siberia and NW Canada that deciduous woodland should be 
included in the range of future arctic change scenarios	


•  This perspective is to be considered alongside the prevailing view (ACIA, 
IPCC) of coniferous trees expected to migrate northward from treeline	


•  The reason is that low shrub thickets in the past have transformed in situ to 
erect shrub/woodland. Our latest evidence from Salix and Alnus growth 
ring chronologies supports such a shift over the past 50 yr in NW Eurasia	


Salix lanata stem slices	




•  Left: supervised land cover classification of the sampling area on a very high resolution Quickbird-2 
image from Varandei tundra. The percentages of land cover for each class are shown. Note the sharp 
change between the upland (U) and lowland (L) at the northern edge of the image, the lowlands having a 
much greater proportion of peatland	


•  Right: the quality of the chronologies as proxies for past summer air temperature is exceptional, even if 
extraction of data is complicated and time consuming because of, e.g. incomplete annual growth rings	


•  Tall erect shrubs above the browse line of reindeer (ca. 1.8 m) do not appear to be restricted by herbivory	

•  This contrasts with the evidence from low erect shrubs in Fennoscandia and Greenland that heavy 

herbivory may check potential increases in shrub height/abundance in response to climate warming (Post 
& Pedersen 2008, PNAS; Kitti et al. 2009, Polar Biology; Olofsson et al. 2009, Global Change Biology)	


Forbes et al. 2010, Global Change Biology	


1 cm	


Incomplete rings	




•  Satellite sensors, using the Normalized Difference Vegetation Index (NDVI) reveal an uneven 
pattern of greening or decadal increases in vegetation productivity at the biome scale 	


•  The recent circumpolar assessment from Bhatt et al. (2010) indicates anomalously high levels 
of productivity in the East European Arctic, or Nenets Autonomous Okrug (NAO) and 
smaller relative increases in the Yamal-Nenets Autonomous Okrug (YNAO)	


•  Our research has focused on Salix lanata, an abundant and nearly circumpolar willow, a key 
source forage for reindeer and caribou in spring, summer and autumn in the tundra zone	


•  We also included Alnus fruticosa, a subarctic forest-tundra species used as forage by moose	

•  Arrows indicate the respective sampling locations in NAO and YNAO	


(Raynolds et al. 2008	

Remote Sens Env)	


(Bhatt et al. 2010	

Earth Interactions)	




•  NW Eurasian tundra study sites Varandei, Laborovaya and Yuribei River plus met stations  
•  High plains and plateaus to the west (NAO) vs. marine and ice-rich marine (YNAO) 
•  Inset: circumpolar max NDVI of arctic tundra (1 km pixel data) during summers 1993 and 

1995. Note sharp productivity contrast and spatial agreement with major changes in substrate 
•  YNAO is characterized by loam on sand and mixed layers of sand, loam & peat. In contrast, 

the Varandei upland in NAO encompasses peaty tundra gley soils with high organic content	


Based on Drozdov et al. (2005) Geo-Marine Letters	




•  a) Monthly Pearson correlation coefficients (r) between NDVI and sea ice area in the 
Barents and Kara Seas. Only significant (p<0.05) correlations are shown.  

•  b) Monthly Pearson correlation coefficients between gridded surface temperatures and sea 
ice area in the Barents and Kara Seas 1982-2005, for which there is NDVI and sea ice data.  

•  Note the disappearance of the relationship as the growing season advances and sea ice 
position recedes further away from the coast. 

Macias-Fauria et al. in press, 	

Nature Climate Change	




Monthly Pearson correlation 
coefficients (r) for NDVI and 

ring-width chronology 
Laborovaya (S. lanata), ���

1982-2005	


•  Only significant (p<0.05) 
correlations are shown	


•  Field significance, accounting 
for multiplicity, is shown in 
the upper part of each panel 
as: **: p < 0.01	


•  Note the short period over 
which correlations are 
widespread (July) 	


•  Note also the correlation 
between the ring-width 
chronology and distant highly 
productive areas to the north 
and west is higher than that to 
proximal sandy low-
productivity areas to the east	


Macias-Fauria et al. in press, Nature Climate Change	


(Raynolds et al. 2008)	




Besides temperature, 
other possible drivers 
limiting or facilitating 
the growth of tundra 
shrubs include snow 
cover and herbivory	


•  Top: Spatial distribution 
of linear trend coefficients 
(days/10 yr; 1%–5% 
significance level) 
showing the number of 
days with snow cover 
exceeding 20 cm for 1966–
2007 	


•  Bottom: Decadal means of 
average snow depth in the 
winter season in 
centimeters for 1966–2010	


•  Depth/duration of snow 
may have increased in the 
northwest Russian Arctic	
 Bulygina et al. 2011, Env. Res. Letters	


Bulygina et al. 2009, Env. Res. Letters	




Final field season July ‘11	

•  Personnel: Bruce Forbes, Timo 

Kumpula, Nina Meschtyb, Natalia 
Ukraintseva, Tatiana Korobova, 
Hanna Strengell, Anna Arefieva	


•  Emphases: Social anthropology, 
Plant ecology, Geography, Dendro-
climatology (Salix lanata)	


•  Sampling: Ridge-top, old landslide 
and riparian vegetation cover types 
at Mordy-yakha camp, plus 	


•  Old vehicle trails and undisturbed 
tall willow shrubs at Bovanenkovo	
 Waiting to board the Obskaya-Bovanenkovo train	


Heavily grazed ridge top at Mordy-yakha camp	


80 km river boat trip to Mordy-yakha camp	




Joint field sampling in tall 
willow shrub vegetation	


•  LAI, spectrometer, 
vegetation cover, woody/ 
leaf/total shrub biomass, 
shrub annual growth, soil 
nutrients, plant nutrients	


•  Grazed (low) vs. ungrazed 
(tall) shrub cover types 	


Mordy-yakha old landslide, 22 km from Bovanenkovo	


LAI sampling on ridge top cover type	
 Total shrub biomass/dendro sampling, Bovanenkovo	




Local knowledge of change	

•  Participant observation 

with brigades and long-
term gas workers	


•  Most of the same units 
and individuals surveyed 
in 2004-2005 and 2011	


•  Many changes detected	


Brigade 8 camp near new drill tower at Bovanenkovo 	


Crossing Se-yakha River with Brigade 8	
 Nina Meschtyb during participant observation	




Conclusions	

•  Northwest Eurasian tundra is characterized by decadal trends in warming air 

temperatures until 2009 and perhaps increases in snow cover depth and duration	

•  Deciduous shrubs (Salix, Alnus) respond in situ via increases height/biomass as 

detected so far by satellite sensors, annual growth rings and Nenets nomads	

•  Links to sea ice retreat are so far limited to early spring, but peak growing season 

responds strongly to synoptic weather patterns, revealing teleconnections between 
Fennoscandia and NW Siberia. The sea ice signal may increase in time	


•  The development of structurally novel ecosystems has implications for albedo/
energy balance feedbacks as well as reindeer management	


•  Landslides are important focal points for shrub productivity and forage	

•  Patterns of herbivory need to be properly accounted for in reindeer management 

across vast regions in YNAO and NAO since humans exert strong controls over 
animals in space & time	


•  Humans and reindeer have adapted quite well to the first stages of gas development	

•  Arctic indigenous and local human populations often have long-term observations 

about shrub changes and reindeer responses that complement Western scientific data 
and need to be included in our analyses	


•  Relationships and ecology and palaeoecology will be explored during 2012-2016 
through the project Resilience in Social-Ecological Systems of Northwest Eurasia 
(RISES), funded by the Academy of Finland	
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