Regional LCLUC and the Human Dimension: Yamal, West Siberia
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The NASA/NEESPI Eurasian Arctic Transect has existing and proposed locations from the treeline near Nadym in the Yamal-Nenets Autonomous Okrug (YNAO) to the High Arctic on Novaya Zemlya in the Nenets Autonomous Okrug (NAO). The NASA/NEESPI project has cooperated with personnel and built directly on the data collected at two sites included in the project Environmental and Social Impacts of Industrialization in Northern Russia (ENSINOR), which was active 2004-07) in both NAO & YNAO. The ENSINOR project was designed to consider primarily oil & gas activities because these were what herders themselves cited as the most important factors affecting them in the years leading up to the development of the project. However, spring and summer air temperatures in NAO and YNAO have warmed over the past 25 to 30 years some 2.5 to 3.5°C. This has major implications for both oil & gas infrastructure and the future of reindeer herding since it means that people and reindeer are potentially exposed to multiple stressors.

A quick overview of Yamal reveals that it: (1) is subject to large-scale gas and oil exploration during the past few decades; (2) comprises traditional pasturelands for the nomadic Yamal Nenets people; (3) is undergoing rapid changes in climate; (4) encompasses ptundra that is extraordinarily sensitive to disturbance. The goals of the combined ENSINOR and NASA/NEESPI projects have been to determine the cumulative effects of resource development, reindeer herding, climate change, and role of terrain factors on the Yamal Peninsula. 

Both project rely heavily on remote sensing of land use/land cover change on Yamal Peninsula. In ENSINOR we conducted a survey of the detection capacities of different platforms and sensors. We found that Quickbird was the best available sensor for most gas field impacts and significantly better than even detailed ground surveys for detecting off-road vehicle trails (Kumpula et al. 2005). We employed a combined GIS and remote sensing approach to catalog impacts and detected approximately 450 km of visibly affected terrain in the vicinity of the Bovenkovo Gas Field on central Yamal Peninsula.

The ENSINOR project also worked extremely closely with Nenets people, conducting extensive participant observation in all seasons while people were migrating with their reindeer. Trends reveal a significant increase of humans on Yamal since 1926 and in the number of privately owned reindeer since 1981.

Potential ecological effects of large populations of migratory reindeer include heavy grazing, grassification and wind erosion, depending on local animal densities, soil type and moisture regime. On central Yamal Peninsula, our analysis of the impacts of resource extraction to pasturelands revealed large scale transformation of land cover on the summer pasture territory of two brigades, or collective management units, that pass through the Bovanenkovo Gas Field.Indirect impacts from industry include things like blowing, sand, dust and changes in hydrology. In earlier research at km 147 along the road/railway corridor on southern Yamal, also included in the ENSINOR and NASA/NEESPI projects, Nenets herders cited the negative influence of dust on cloudberries, mushrooms and lichens very soon after new roads were built through summer pastures (Forbes 1995). In both YNAO and NAO the ENSINOR project developed maps co-produced in real time with reindeer herders migrating through active oil and gas fields. They were able to discuss both positive and negative aspects of development and to pinpoint them precisely in space and time.

In the NASA/NEESPI project, recent analyses of sea-ice, land surface temperature and NDVI trends in Arctic seas and associated land masses raises the questions of whether the trend in decreasing sea-ice is affecting Arctic vegetation. Since 1980, perennial sea ice extent in the Arctic has declined at the rate of 10.1% per decade, and area trend is -11.4% decade (Comiso et al. 2008). At the same time, analysis of NDVI trends in the Kara/Yamal regions of Russia and in the Beaufort Sea indicate that the much lower NDVI on the Yamal is likely due to sandy wind-blown nutrient-poor soils, and grazing by reindeer. Greater change in Beaufort Region (+0.04 vs. +0.0085 NDVI units/decade) is most likely due to more positive trend in ground surface temperatures in the Beaufort region during the period of record. Among other results, summer warmth explains only 2% of the regional variance in NDVI on the Yamal, while elevation, landscape type, vegetation type, and substrate explain 58% (Raynolds et al. 2008). An overview of general sea-ice, NDVI, climate trends indicates that: (1) Summer land-surface temperature, winter sea-ice concentrations, and integrated NDVI are correlated at all spatial scales; (2) Preseason large-scale climate forces the sea ice while local circulation patterns play a larger role during the summer; (3) Although there is a correlation between NDVI and the summer temperature, summer temperature accounts for only a small proportion of the total variation in NDVI on the Yamal. Other factors such as substrate, vegetation type, and major physiographic boundaries play a much larger role than temperature.

In July-August 2007 a joint ENSINOR and NASA/NEESPI expedition to Yamal Peninsula, Russia took place with the following Goals: (1) to better understand the human dimensions of LCLUC on Yamal; (2) the ollection of ground observations to support remote-sensing climate-change studies on the Yamal and circumpolar region; and (3) learn about environmental controls on primary production in the region. A great deal of relevant data were collected during the ENSINOR project over 34 months of participant observation and interviews by the project’s social and natural scientists since 2004. In addition, during the 2007 joint expedition, data were collected on plant cover, plant biomass, NDVI and LAI, soils, ground temperatures, active layer by the combined ENSINOR and NEESPI teams.
Terrain factors that make the Yamal region so sensitive to terrain disturbance include sandy nutrient poor soils. These are highly susceptible to wind erosion and are characterized by poor plant production, low plant diversity, and slow regeneration following disturbance. Other factors are extensive massive ground ice conditions. Extreme ice-rich permafrost makes the region very susceptible to landslides, for example, in the unusually wet year of 1989. At Vaskiny Dachi, near the Bovanenkovo Gas Field, unique successional sequences related to Quaternary history, massive ground ice, landslides and soils. Dense willow thickets develop on old landslides after leaching of salts from clayey marine sediments (Leibman et al. 2003).

In the recent ENSINOR and BALANCE projects, changes in deciduous shrub abundance/ height cited by herders as significant in NAO and YNAO within their lifetime (Forbes and Stammler, submitted). In the absence of repeat airphotos in northern Russia, we are currently conducting dendro-chronological analyses of willow shrubs (Salix lanata) to see if the warming signal documented in climate and permafrost records is detectable in willow growth over the past century. Preliminary results and correlations with NDVI have been quite promising. A strong relationship between tree-ring width and summer air temperature in Salix lanata from Varandei tundra was found not only with data from the climate station 18 km away, but also from Salekhard in a very different climate zone some 350 km away (Forbes, Macias and Zetterberg, unpublished data).

During participant observation in the ENSINOR project we were able to observe first hand response to rapid change as exemplified by extreme weather in the form of widespread and repeated icing over of pastures in winter. Strategies for coping included changes of migration route. The relatively free use of space according to herders’ own needs is therefore a critical factor at present. However, if too much oil & gas infrastructure encroaches on their migration routes, this adaptive capacity will be greatly reduced (Forbes and Stammler, submitted).
In conclusion, with regard to resource development direct, planned impacts are less extensive so far than indirect impacts. Nonetheless, roads and pipelines constitute serious barriers to migration corridors and effects will increase as new fields are developed. For reindeer herding, land withdrawals by industry, increasing Nenets population, and larger reindeer herds all have the potential to increase pressure on the rangelands. The general view from the perspective of reindeer herders is that threats from industrial development are much greater than threats from climate change, but they generally view the gas development positively because of increased economic opportunities (Forbes 2008; Forbes and Stammler submitted).

Climate change effects are currently hard to document because of lack of long-term ground observations. Satellite data suggest that there has been only modest summer land-surface warming and only slight greening changes across the Yamal during the past 24 years. Summer temperature controls only small amount of total variation in NDVI on Yamal and terrain factors appear to be more important. As for landscape factors and terrain sensitivity, there is high potential for extensive landscape effects due to unstable sandy soils, and extremely ice-rich permafrost near the surface. We recommend comparisons with North American Arctic hydrocarbon development. Useful insights regarding generality of Yamal observations and lessons to be learned for other areas of Arctic developments.
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Figure legends

Figure 1.   Dr. Florian Stammler interprets discusses Quickbird and ASTER satellite imagery with herders from Brigade 4, Yarsalinski sovkhoz, near Bovanenkovo Gas Field, Yamal Peninsula, July 2005

Figure 2.  ENSINOR PhD student Nina Meschtyb conducting participant observation with Brigade 2, Yarsalinski sovkhoz, near Bovanenkovo Gas Field, Yamal Peninsula, July 2005
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Figure 1.   Dr. Florian Stammler interprets discusses Quickbird and ASTER satellite imagery with herders from Brigade 4, Yarsalinski sovkhoz, near Bovanenkovo Gas Field, Yamal Peninsula, July 2005
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Figure 2.  ENSINOR PhD student Nina Meschtyb conducting participant observation with Brigade 2, Yarsalinski sovkhoz, near Bovanenkovo Gas Field, Yamal Peninsula, July 2005







