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ABSTRACT. The capacity of satellite imagery to detect anthropogenic impacts on land cover was assessed for the Bovanenkovo
JDV¿HOGRQWKH<DPDO3HQLQVXODLQQRUWKZHVW6LEHULDZKLFKFRQWDLQVVRPHRIWKHZRUOG¶VODUJHVWXQWDSSHGJDVGHSRVLWV
The region is also the homeland of nomadic Nenets reindeer herders, whose annual migration between the tree line and the
northern tundra exposes them to impacts associated with exploration and production activities. These range from physical
obstructions, such as roads, railways, and pipelines, to direct and indirect ecological impacts, such as changes in vegetation and
K\GURORJ\1HQHWV¶SHUFHSWLRQVRIWKHLUWHUULWRULHVHQFRPSDVVFKDQJHVLQWKHTXDQWLW\DQGTXDOLW\RIWHUUHVWULDODQGIUHVKZDWHU
habitats and campsites that have been used seasonally for centuries. Industrial impacts on land cover were examined at spatial
scales from very detailed to coarse. Very-high-resolution Quickbird-2 imagery revealed the most impacts, but could not detect
LWHPVOLNHWUDVKWKDWUHGXFHWKHTXDOLW\RIUHLQGHHUSDVWXUHV$67(56327DQG/DQGVDWLPDJHU\ZHUHXVHIXODWWKHEURDGHU
ODQGVFDSHOHYHO$SURSHUDVVHVVPHQWRIWKHRYHUDOOHFRORJLFDOLPSDFWVRIK\GURFDUERQH[SORLWDWLRQUHTXLUHVDFRPELQDWLRQRI
UHPRWHVHQVLQJDQGGHWDLOHGJURXQGWUXWKLQJ,GHDOO\WKHVHHIIRUWVVKRXOGFRPELQHVFLHQWL¿FDQGORFDONQRZOHGJHIURPERWK
indigenous herders and non-indigenous industrial workers.
Key words: Nenets, reindeer migration, Quickbird-2, SPOT, Aster VNIR, Landsat, Arctic tundra, oil and gas activities, human
impact
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Ⱥɛɫɬɪɚɤɬȼɨɡɦɨɠɧɨɫɬɶɢɫɬɟɩɟɧɶɚɞɟɤɜɚɬɧɨɫɬɢɫɩɨɦɨɳɶɸɫɩɭɬɧɢɤɨɜɵɯɫɧɢɦɤɨɜɨɩɪɟɞɟɥɹɬɶɚɧɬɪɨɩɨɝɟɧɧɨɟɜɨɡɞɟɣɫɬɜɢɟ
ɧɚɩɨɜɟɪɯɧɨɫɬɶɡɟɦɥɢɨɰɟɧɢɜɚɥɚɫɶɞɥɹȻɨɜɚɧɟɧɤɨɜɫɤɨɝɨɦɟɫɬɨɪɨɠɞɟɧɢɹɧɚɯɨɞɹɳɟɝɨɫɹɧɚɬɟɪɪɢɬɨɪɢɢəɦɚɥɨɇɟɧɟɰɤɨɝɨ
ɨɤɪɭɝɚ Ɂɚɩɚɞɧɚɹ ɋɢɛɢɪɶ  ɜ ɷɬɨɦ ɪɚɣɨɧɟ ɢɦɟɸɬɫɹ ɫɚɦɵɟ ɛɨɥɶɲɢɟ ɜ ɦɢɪɟ ɧɟɪɚɡɪɚɛɨɬɚɧɧɵɟ ɝɚɡɨɜɵɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ
ɗɬɨɬ ɪɟɝɢɨɧ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɪɨɞɢɧɨɣ ɤɨɱɟɜɵɯ ɨɥɟɧɟɜɨɞɨɜ ± ɧɟɧɰɟɜ ȼɨ ɜɪɟɦɹ ɟɠɟɝɨɞɧɵɯ ɫɟɡɨɧɧɵɯ ɦɢɝɪɚɰɢɣ ɦɟɠɞɭ
ɥɟɫɧɨɣɡɨɧɨɣɢɫɟɜɟɪɧɨɣɬɭɧɞɪɨɣɨɧɢɢɫɩɵɬɵɜɚɸɬɜɨɡɞɟɣɫɬɜɢɹɫɜɹɡɚɧɧɵɟɫɞɟɹɬɟɥɶɧɨɫɬɶɸɩɨɪɚɡɪɚɛɨɬɤɟɢɞɨɛɵɱɟ
ɝɢɞɪɨɤɚɪɛɨɧɚɬɨɜ Ⱦɚɧɧɵɟ ɜɥɢɹɧɢɹ ɜɚɪɶɢɪɭɸɬ ɨɬ ɫɨɡɞɚɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɩɨɦɟɯ ɬɚɤɢɯ ɤɚɤ ± ɞɨɪɨɝ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɟɪɟɫɟɤɚɸɳɢɯ ɩɭɬɢ ɦɢɝɪɚɰɢɣ  ɞɨ ɩɪɹɦɵɯ ɢ ɤɨɫɜɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɷɤɨɥɨɝɢɸ ɧɚɩɪɢɦɟɪ
ɢɡɦɟɧɟɧɢɟɜɟɝɟɬɚɰɢɨɧɧɨɝɨɩɨɤɪɨɜɚɝɢɞɪɨɫɢɫɬɟɦɵ ɇɟɧɰɵɨɰɟɧɢɜɚɹɤɚɱɟɫɬɜɨɬɟɪɪɢɬɨɪɢɣɤɨɱɟɜɢɣɩɪɢɞɚɸɬɡɧɚɱɟɧɢɟ
ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɢ ɤɚɱɟɫɬɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɫɨɫɬɨɹɧɢɹ ɧɚɡɟɦɧɵɯ ɢ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɫɬɨɹɧɨɤ ɢ ɦɟɫɬ ɜɨɤɪɭɝ ɧɢɯ
ɦɟɫɬɚɞɥɹɫɬɨɣɛɢɳɢɫɩɨɥɶɡɨɜɚɥɢɫɶɫɟɡɨɧɧɨɜɬɟɱɟɧɢɟɦɧɨɝɢɯɫɬɨɥɟɬɢɣ ɉɪɨɦɵɲɥɟɧɧɨɟɜɨɡɞɟɣɫɬɜɢɟɧɚɩɨɤɪɨɜɡɟɦɥɢ
ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɧɚɦɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɢ ɨɬ ɩɪɟɞɟɥɶɧɨ ɞɟɬɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɞɨ ɫɚɦɨɝɨ ɝɪɭɛɨɝɨ
ɨɛɨɛɳɟɧɧɨɝɨ Ɉɱɟɧɶɜɵɫɨɤɨɟɪɚɡɪɟɲɟɧɢɟɫɧɢɦɤɨɜ4XLFNELUGɩɨɡɜɨɥɢɥɨɭɜɢɞɟɬɶɛɨɥɶɲɢɧɫɬɜɨɞɟɬɚɥɟɣɩɨɫɥɟɞɫɬɜɢɣ
ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɨɞɧɚɤɨ ɫ ɢɯ ɩɨɦɨɳɶɸ ɧɟɥɶɡɹ ɛɵɥɨ ɨɩɪɟɞɟɥɢɬɶ ɬɚɤɢɟ ɞɟɬɚɥɢ ɤɚɤ ɧɚɩɪɢɦɟɪ ɦɭɫɨɪ
ɫɤɥɹɧɤɢɠɟɥɟɡɤɢ ɤɨɬɨɪɵɣɫɭɳɟɫɬɜɟɧɧɨɭɯɭɞɲɚɟɬɤɚɱɟɫɬɜɨɨɥɟɧɶɢɯɩɚɫɬɛɢɳɋɧɢɦɤɢ$67(56327ɢ/DQGVDWɛɵɥɢ
ɨɱɟɧɶɩɨɥɟɡɧɵɩɪɢɛɨɥɟɟɨɛɳɟɣɨɰɟɧɤɟɫɨɫɬɨɹɧɢɹɥɚɧɞɲɚɮɬɚɇɚɢɛɨɥɟɟɚɞɟɤɜɚɬɧɵɣɩɨɞɯɨɞɞɥɹɤɨɦɩɥɟɤɫɧɨɣɨɰɟɧɤɢ
ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɜɫɥɟɞɫɬɜɢɟ ɞɨɛɵɱɢ ɢ ɪɚɡɪɚɛɨɬɤɢ ɝɢɞɪɨɤɚɪɛɨɧɚɬɨɜ ɬɪɟɛɭɟɬ ɫɨɜɦɟɳɟɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ
ɡɨɧɞɢɪɨɜɚɧɢɹɢɞɟɬɚɥɶɧɨɣɜɟɪɢɮɢɤɚɰɢɢɞɚɧɧɵɯɧɚɦɟɫɬɧɨɫɬɢȼɢɞɟɚɥɟɬɚɤɨɟɢɫɫɥɟɞɨɜɚɧɢɟɩɨɡɜɨɥɹɟɬɫɨɱɟɬɚɬɶɧɚɭɱɧɵɟ
ɞɚɧɧɵɟɫɨɡɧɚɧɢɟɦɢɨɩɵɬɨɦɤɚɤɤɨɪɟɧɧɨɝɨɨɥɟɧɟɜɨɞɱɟɫɤɨɝɨɬɚɤɢɩɪɢɟɡɠɟɝɨɢɧɞɭɫɬɪɢɚɥɶɧɨɝɨɧɚɫɟɥɟɧɢɹ
Ʉɥɸɱɟɜɵɟɫɥɨɜɚ ɧɟɧɰɵɦɢɝɪɚɰɢɹɨɥɟɧɟɣQuickbird-2, SPOT, Aster VNIR, Landsatɚɪɤɬɢɱɟɫɤɚɹɬɭɧɞɪɚɧɟɮɬɟɢɝɚɡɨ
ɪɚɡɪɚɛɨɬɤɚɚɧɬɪɨɩɨɝɟɧɧɨɟɜɨɡɞɟɣɫɬɜɢɟ

INTRODUCTION
Russia is rapidly becoming more important as a producer
and supplier of oil and gas to European and eventually
North American markets (Andreeva and Kryukov, 2008).
7KH,UDTZDUDQGSRVWZDUFKDRVFRQWULEXWHGWRLQVWDELOLW\
in the world markets, pushing the price of oil to record levels for much of 2007 – 08. Meanwhile, Russia has invested
in pipelines across eastern and central Europe, and tanker
WUDI¿FYLDWKH1RUWKHUQ6HD5RXWHLVLQFUHDVLQJ 0HVFKW\E
HWDO $PRQJWKHPDLQVRXUFHVDUHWKHJLDQWRLO¿HOGV
of the European Nenets Autonomous Okrug (NAO), KhantiMansisk Autonomous Okrug (KMAO), and the super giant
JDV¿HOGVRIWKH<DPDO1HQHWV$XWRQRPRXV2NUXJ <1$2 
(Forbes, 2004).
Russian production has an image of being more stable
and safe from political crisis than some of the big Middle
East producers, although recent disruptions in supplies
to Belarus and Ukraine have challenged this perception
(Kramer, 2007). Regardless, Russia has once again become
a powerful trading partner, in particular as a major source
of energy for the global market. At present, Russia supplies
RIWKHZRUOG¶VQDWXUDOJDVZKLFKPDNHVLWWKHQXPEHU
one producer (Mahalingam, 2004). Some 90% of this production comes from West Siberia. As for oil, Russia shares
the leading position in world production with Saudi Arabia,
at times being the number one (Osborn, 2006) or number
WZRSURGXFHU$ERXWRI5XVVLD¶VRLOLVIURP:HVW6LEHria. Overall European Union (EU) dependency on both oil
and gas from Russia is high and increasing in relation to
European sources like Norway and as the export capacity of the United Kingdom is declining. In 2005 the EU
received 25% of its oil (30% of all imports) and 25% of its
gas (50% of all imports) from Russia. Dependency on Russia among individual EU countries, however, varies greatly.

For example, Finland relies on Russian sources for 100%
of its natural gas, whereas France, with its traditional ties
to Algeria, imported only 24% of its gas from Russia as of
2004 (Stammler and Forbes, 2006).
As oil and gas industrial infrastructure expands rapLGO\ WKURXJKRXW 5XVVLD¶V 1RUWK LW KDV SURIRXQG LPSOLFDWLRQVIRUWKHHQYLURQPHQWDQGWKHUHJLRQ¶VHFRQRPLHVDQG
local people, in particular indigenous groups such as the
Nenets, who practice a traditional livelihood of herding
domestic reindeer (Rangifer tarandus  KXQWLQJ DQG ¿VKing. The expansion of the Russian empire has affected these
groups to varying degrees over the last 500 years. Up until
the 19th century, the main resource produced from these
northern regions was fur, whereas from the mid-20th century onward, oil and gas products became the central focus
(Stammler, 2005).
The exploration and exploitation phases of northern areas like the YNAO and NAO were launched in the
1960s with extensive resource prospecting. Geological surveys searched through the tundra zone with heavy drilling
HTXLSPHQW DQG OHIW FOHDU DQG ODVWLQJ LPSULQWV RQ WKH SHUmafrost landscapes while mapping the oil and gas deposits
)RUEHVHWDO 'ULOOLQJZDV¿UVWLQLWLDWHGLQWKHERUHDO
and subarctic areas with easiest access from the south, such
as existing railways and roads. Surveys and drilling farWKHUQRUWKLQWUXO\$UFWLFDUHDVUHTXLUHGHQRUPRXVDPRXQWV
of new infrastructure, including pipelines, expanded road
and rail networks, and residential facilities. Supply of the
most remote Arctic exploration sites (via winter road networks, helicopters and other aircraft, and ships through the
1RUWKHUQ6HD5RXWH KDVEHHQGLI¿FXOW,QWKHSRVW6RYLHW
SHULRGRLODQGJDVKDYHEHFRPHDYLWDOVRXUFHRISUR¿WVWR
the overall Russian economy. The exploration and exploitaWLRQSKDVHVRIRLODQGJDVGHYHORSPHQWUHVXOWLQEHQH¿WVDQG
wealth; but at the same time, they produce many direct and

+<'52&$5%21(;3/2,7$7,21,1:(676,%(5,$

cumulative impacts on ecosystems and cultures all along
the route from source to market (Forbes, 2004; Fondahl and
Sirina, 2006; Stammler and Wilson, 2006). New drilling
VLWHVDQGRLODQGJDV¿HOGVKDYHEHHQFRQQHFWHGWRWUDQVSRUW
networks to export oil and gas to world markets. This infrastructure has, of course, increased impacts on the environment and the local indigenous communities.
In the YNAO, indigenous lifeways of the Nenets, Khanty,
.RPLL]KHPWV\ DQG 6HO¶NXS ¿VKHUPHQ UHLQGHHU KHUGHUV
and hunters—many of whom are still nomadic or seminomadic—are comparatively well preserved. While the use
of reindeer reaches back at least 1000 years, the large-scale
herding of domestic reindeer has developed since the 1600s
(Krupnik, 1993; Forbes and Kumpula, 2009). In the YNAO
on the Yamal Peninsula, reindeer herding survived from the
Soviet period with the least amount of damage compared to
the lifestyles of other indigenous cultures elsewhere in Russia (Golovnev and Osherenko, 1999; Stammler, 2005).
To date, environmental assessments of petroleum activities have used satellite images mainly in marine and coastal
applications. Radar satellite images are especially suitable
for detection of marine oil spills (Fingas and Brown, 1997;
Benelli and Garzelli, 1999; Espedal and Johannessen, 2000;
Jones, 2001; Solberg et al., 2003; Brekke and Solberg, 2005).
Detecting oil spills from terrestrial drilling sites is more
GLI¿FXOW KRZHYHU 6XUURXQGLQJ YHJHWDWLRQ KLQGHUV HIIHFWLYHUHÀHFWLRQFRPSDUHGWRDTXDWLFFRQGLWLRQVWKHFRDUVH
resolution of most imagery reduces its capacity to detect
small-scale spills; and the spreading of oil on terrestrial surroundings is limited by topography and soil factors. In many
cases the spatial extent of impacts is small: for example,
5 m wide off-road vehicle tracks or 30 × 30 m wide drilling
sites. An exception in terrestrial Arctic conditions was the
Kolva River oil spill, a large-scale oil disaster that occurred
near Usinsk, northwest Russia, in 1994. Using Landsat TM
images from 1988 and 2000, Walker et al. (2006) were able
to see the effects of this oil spill through changes in the normalized difference vegetation index (NDVI). Spectral and
spatial resolution limitations of standard optical remote
VHQVLQJSODWIRUPVVXFKDVWKH6\VWqPHSRXUO¶2EVHUYDWLRQ
de la Terre (SPOT), Advanced Spaceborne Thermal EmisVLRQDQG5HÀHFWLRQ5DGLRPHWHU $67(5 RU/DQGVDWOLPLW
their application to terrestrial oil spill detection. Hyperspectral imagery like Airborne Imaging Spectro-Radiometer
for Applications (AISA) and high-resolution synthetic aperture radar (SAR) imagery may be the solution for terrestrial
spill detection. In AISA, the data width of a single channel
can be 10 nanometers (nm) or less whereas, for example,
in Quickbird-2 data it varies from 60 to 140 nm, depending on the channel used (Salem et al., 2005). Laser LIDAR
(Light detection and ranging) technology might have some
applications because its sensors are capable of identifying
oil on backgrounds that include water, soil, ice, and snow
(Fingas and Brown, 1997; Samberg, 2007). One of the most
important factors is the availability of data. When a spill
occurs, even very high-resolution (VHR) images should be
DFTXLUHGEHIRUHHYDSRUDWLRQPL[WXUHZLWKWKHYHJHWDWLRQRU

FOHDQXSWDNHVSODFH$FTXLULQJWKHVHLPDJHVPD\EHLPSRVsible in remote areas, especially where information of such
events may be withheld.
In assessing the environmental impacts from petroleum
exploration and extraction, remote sensing research tends
to focus on the long-term effects that are detectable both
on the ground and within available imagery. However, such
studies are rare in the Russian Arctic. Impacts of industriDOL]DWLRQLQWKHQRUWKHUQ5XVVLDQPLQLQJWRZQVRI1RULO¶VN
and Vorkuta have been studied with Landsat TM data (Toutoubalina and Rees, 1999; Virtanen et al., 2002). Tømmervik et al. (2003) investigated the effects of air pollution on
vegetation along the Norwegian-Russian border by using
multitemporal Landsat MSS/TM data. Rees et al. (2003)
studied land cover change in the NAO with Landsat TM
and ETM+ images. Walker et al. (2009) used Landsat TM
imagery to determine human impacts on the environment in
5XVVLD¶VWKLUGLPSRUWDQWRLOUHJLRQWKH3HFKRUDEDVLQ6WRZ
et al. (2004) reviewed the possibilities for change detection
studies in Canadian and Alaskan Arctic areas with available remote sensing data.
For Arctic Alaska, there are a few detailed remote sensing analyses of oil and gas impacts. For example, Walker et
al. (1987) employed aerial photographs to detect the cumuODWLYHLPSDFWVRIRLO¿HOGV7KHOLPLWLQJIDFWRUIRUVXFKDQDOyses in the Russian Arctic is access to aerial photo archives.
In the Russian Federation, aerial photos are forbidden for
VFLHQWL¿FXVHEHFDXVHRIWKHLUGHWDLOHGUHVROXWLRQ:DONHU
and Walker (1991) presented a hierarchical approach to analyzing both natural and petroleum industry–related landscape changes in Arctic Alaska. In their study, the capacity
to detect disturbances was estimated from point sampling
combined with analysis of SPOT, Landsat TM/MSS and
Advanced Very High Resolution Radiometer (AVHRR)
imagery.
New very high-resolution satellites like IKONOS-2,
Quickbird-2, and ALOS have spatial resolution of less than
4 m and so have the potential for extremely detailed impact
DVVHVVPHQWV ,W LV QRZ SRVVLEOH WR DFTXLUH VXFK GHWDLOHG
imagery for anywhere in the world. Stow et al. (2004) demonstrated the potential of IKONOS-2 imagery for change
detection and off-road vehicle disturbance mapping in the
Barrow Environmental Observatory test site. IKONOS-2
LPDJHVKDYHDOVREHHQHPSOR\HGLQHYDOXDWLRQRIWKHTXDOity and condition of lichen tundra pasture studies in Fennoscandia (Allard, 2003; Kumpula, 2006). When checking
from the Google Earth or Quickbird-2 archive server, for
example, it can be noticed that large areas of Russian Arctic
RLODQGJDV¿HOGVKDYHDOUHDG\EHHQDFTXLUHG
Rees et al. (2003) attempted to incorporate indigenous
knowledge of Nenets reindeer herders into land cover
change interpretation, although this topic formed a rather
limited part of their analysis. One problem associated with
such attempts is that indigenous knowledge is highly situational, very detailed, learned and enacted by people moving
WKURXJKWKHODQG6RPHVFLHQWLVWVKDYHWKHUHIRUHTXHVWLRQHG
LWVFRPSDWLELOLW\ZLWKQDWXUDOVFLHQFHNQRZOHGJH6FLHQWL¿F
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knowledge can be put into databases and treated as a body
of information independent from its context, whereas
indigenous ways of knowing are culturally embedded sets
of practices (Ingold, 2005; Stammler, 2005; Forbes and
Stammler, 2009).
In the project entitled Environmental and Social Impacts
of Industrialization in Northern Russia (ENSINOR), we
conducted a multidisciplinary analysis combining stateRIWKHDUW VFLHQWL¿F WHFKQRORJLHV ZLWK WKH LQGLJHQRXV RU
local perceptions of processes of change by Nenets reindeer herders. This method of co-producing knowledge can
be expected to yield results that are both highly relevant to
local and regional needs and practical for policy implementation. The immediate objectives were to characterize the
effects of two to three decades of industrial development
of oil and gas on traditional livelihoods and the supporting
society in the YNAO and NAO. In this paper, we report on
impacts that can be detected from satellite images of difIHUHQWUHVROXWLRQV:HDOVRGLVFXVVWKHVLJQL¿FDQFHRI¿HOG
surveys and local and indigenous knowledge in enhancing
the interpretation of the various satellite images.
RESEARCH AREA
The Yamal-Nenets Autonomous Okrug lies in the
extreme north of the West Siberian lowland, which encompasses the largest wetland (technically a peatland) in the
ZRUOG,QWKH1HQHWV¶RZQODQJXDJH³<DPDO´PHDQV³WKH
HQGRIWKHHDUWK´RU³ODQG¶VHQG´$ERXWNPORQJDQG
150 km wide, the Yamal Peninsula is the core area of tundra
Nenets reindeer herding, with winter pastures occupying the
forest-tundra transition zone to the south. Ice-rich permafrost is widespread and susceptible to thermokarst erosion
(caused by thawing permafrost) arising from both natural
and anthropogenic disturbance. As a result, much of the terrain is considered moderately to extremely unstable for purposes of engineering and infrastructure developments such
as roads, bridges, and pipelines (Nelson et al., 2001).
7RGD\WKH<1$2LVQXPHULFDOO\WKHZRUOG¶VPRVWSURductive reindeer herding region, with 631 000 domestic
reindeer herded by approximately 14 500 nomadic Nenets
and to a lesser extent by Komi and Khanty families (data as
of 2006, A. Nesteruk, pers. comm. 2008). Approximately
276 300 reindeer and 1000 fully nomadic households live
on the Yamal Peninsula. While successor enterprises of
Soviet state farms (sovkhoz) dominate the institutional
landscape in reindeer herding, private clan communities
are developing rapidly in the North of the okrug and hold
WKUHHTXDUWHUVRIWKHUHLQGHHUSRSXODWLRQ 6WDPPOHU 
Large-scale industrialization since the 1970s has led to an
LQÀX[ RI SHRSOH IURP WKH VRXWK ZKLFK LV ZK\ WRGD\ WKH
indigenous share of the overall population is less than 7%
(Stammler and Forbes, 2006).
7KLV SDSHU IRFXVHV RQ WKH YDVW %RYDQHQNRYR JDV ¿HOG
in the northwestern part of the Yamal Peninsula (Fig. 1).
7KHJDV¿HOGLVORFDWHGLQWKHDUHDWRZKLFKWKH<DUVDOLQVNL

FIG. 1. Map of the Yamal Peninsula, showing the location of the Bovanenkovo
*DV )LHOG ZKLWH FLUFOH  DW Û' 1 Û' E. Arrows indicate the yearly
migration paths of the Yarsalinski sovkhoz brigades. The brigades travel
1200–1400 km with the reindeer herd between the most distant summer
pastures by the Kara Sea coast and the winter pastures that lie south of the
Bay of Ob (background map data: ESRI).

UHLQGHHU VRYNKR] KROGV WKH SULQFLSDO ODQG WLWOH 2I¿FLDOO\
WKHJDV¿HOGFRYHUVDQDUHDRINP 2 (VNIPIGazdovycha, 2005). Bovanenkovo is on the migration path of two
major Yarsalinski reindeer brigades or collective manDJHPHQW XQLWV 7KHVH EULJDGHV UHDFK WKH JDV ¿HOG IURP
the south in early to mid July on their way to the Kara
Sea coast, where reindeer are brought for access to insect
UHOLHIDQGKLJKTXDOLW\IRUDJH7KHEULJDGHVUHWXUQWKURXJK
Bovanenkovo in mid to late August when they start migration towards their winter pastures on the south side of the
Ob River. In addition, at least a dozen private reindeer
herding camps use the larger Bovanenkovo area as reindeer grazing grounds. In comparison to the brigades, they
have smaller herds and shorter migration routes, and their
SUHVHQFH LQ WKH YLFLQLW\ RI WKH JDV ¿HOG LV ORQJHU ODVWLQJ
from early summer until October–November. Very little is
known about the exact migration patterns of these private
herders. However, their number has been increasing since
the fall of the Soviet Union, and today their herds, as well
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TABLE 1. Satellite sensors and their radiometric and spatial resolution. The division of scales used and number of pixels for thresholds
between individual classes.

Sensor
Quickbird-2 pan
Quickbird-2 multi
SPOT pan
SPOT multi
ASTER VNIR
Landsat TM
Landsat ETM+7
Landsat MSS

No. of
Channels

Pixel Size
(m)

Pixel Area
(m 2)

1
4
1
3
3
7
7
4

0.6 × 0.6
2.4 × 2.4
10 × 10
20 × 20
15 × 15
30 × 30
30 × 30
80 × 80

1.2
5.76
100
400
225
900
900
6400

Small Scale
(No. of Pixels)
0.0025 ha 0.01 ha
0.09 ha

DVWKHLUIDPLOLHVSUREDEO\RXWQXPEHUWKRVHRIWKHRI¿FLDOO\
registered herding brigades.
MATERIALS AND METHODS
Field Surveys
)LHOGH[SHGLWLRQV WR WKH %RYDQHQNRYR JDV ¿HOG DQG LWV
surroundings were conducted in July 2004 and July 2005.
,Q WRWDO  ¿HOG VLWHV ZHUH VXUYH\HG IRU VDWHOOLWH LPDJH
interpretation. Each site was marked with GPS and the vegetation type characterized as follows. For each site, from 5
WRTXDGUDWVRIîFPZHUHXVHGWRLGHQWLI\WKHPDLQ
vegetation types and to estimate coverage and height for
dwarf shrubs, willows, grasses, sedges, lichens, and bryophytes. Coverage of bare soil and litter were also measured,
and special attention was given to visible signs of human
impact. A large digital-image database was collected, focusing on different natural and anthropogenic impacts.
Yamal reindeer are intensively managed 24 hours per
day, 365 days per year, by whole families through generations. Representatives of two brigades and private herders
migrating through the study area were interviewed. In each
brigade there were about 10 key informants. Long-term
\UV JDVZRUNHUV NH\LQIRUPDQWV DW%RYDQHQNRYR
and administrative staff members in the municipalities were
also interviewed to understand the perspectives of Nenets
and Russians and how their own relations have developed.
Each group of herders comprised from two to nine
nuclear families consisting of 10 to 90 people and managing 3000 to 9000 animals. While two of the largest brigades
have experienced the greatest impact in the tundra region,
with territory withdrawn for infrastructure and disturbance
RI WHUUHVWULDO DQG DTXDWLF KDELWDWV QHLJKERXULQJ FDPSV
migrate near enough to Bovanenkovo to trade but have
only minimal infrastructure and disturbance on their territory. Herders from two brigades, who were accompanied
(July 2005) during their summer migration through the gas
deposit, explained their migration history, relations with
the gas workers, social and environmental changes, and in
particular, the effects of gas exploration on everyday reindeer herding and reindeer pastures. Participant observation
entailed taking part in every aspect of daily life during this

20.8
4.3
0.3
0.1
0.1
0.03
0.03
0.004

83.3
17.4
1.0
0.3
0.4
0.1
0.1
0.02

750.0
156.3
9.0
2.3
4.0
1.0
1.0
0.1

Medium Scale
(No. of Pixels)
1 ha

Large Scale
(No. of Pixels)
10 ha

8333.3
1736.1
100.0
25.0
44.4
11.1
11.1
1.6

83333.3
17361.1
1000.0
250.0
444.4
111.1
111.1
15.6

time, as well as during winter at the opposite end of their
migration route several hundred kilometers to the south.
Printouts of satellite images and topographical maps were
used to facilitate interviews. Information from herders was
also obtained during participant observation and in-depth
unstructured interviews that provided deeper insights about
the relations of herders to the land, including its spiritual
VLJQL¿FDQFHDQGWKHLPSDFWRILQGXVWU\SUHVHQFHRQWKHVH
relations.
Satellite Imagery and the Scales of Investigation
Data from eight satellite images of different resolution
were compared to distinguish their capacity to detect a suite
of common anthropogenic impacts. Remote sensing data
are considered to be very high-resolution (VHR) if pixel
size is less than 5 m (Puissant et al., 2005). The two images
from VHR data used in this research were from Quickbird-2
(dated 15 July 2004): a panchromatic image with spatial resolution of 0.61 cm, and a multispectral image (4 channels)
with resolution of 2.4 m. The enhanced multispectral image
was created by combining the multispectral and panchromatic layers. The six images from high-resolution data were
ASTER VNIR (Visible Near Infrared) with 15 m resolution
(4 channels), dated 21 July 2001; SPOT panchromatic image
with 10 m resolution, dated 19 July 1998; SPOT multispectral image with 20 meter resolution (3 channels), dated 19
July 1998); Landsat TM with 30 m resolution (7 channels),
dated 7 August 1988; Landsat ETM+7 with 30 m resolution (7 channels), dated 7 July 2000; and Landsat MSS with
80 m resolution (4 channels), dated 28 July 1984 (Table 1).
*,6 GDWD ZLWK DGHTXDWH DFFXUDF\ ZHUH QRW DYDLOable. Road networks, individual off-road vehicle tracks,
areas covered by multiple tracks (individual tracks were
not possible to differentiate), garbage dumps, pipelines,
SRZHU OLQHV VDQG TXDUULHV DQG GULOOLQJ VLWHV ZHUH WKHUHfore digitized using Quickbird-2, ASTER VNIR, SPOT,
and Landsat TM and ETM+7 images. The spatial extent of
the respective impacts was calculated via buffer analysis.
Roads and off-road track widths were measured from the
panchromatic Quickbird-2 image at 25 different locations,
and average road width was calculated. The capacity of
the different satellite images to detect the various impacts
ZDV FRPSDUHG XVLQJ ¿HOG VLWHV JURXQG SKRWRJUDSKV DQG
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TABLE 2. Capacity of imagery to detect different impacts of hydrocarbon exploration in Bovanenkovo, compared to socio-cultural
surveys and ground truthing. Rankings: – not visible, x visible with effort, xx moderately visible, xxx clearly visible.
Impact

Socio-cultural Ground Quickbird-2
Survey
Truthing Panchromatic

Small Scale (< 0.09 ha):
Soil contamination1
Removal of top soil and vegetation
Industrial waste:
Metal
Glass
Concrete
Wood
Single off-road vehicle track
Vegetation changes:
Shrubs to graminoids
Peatland to graminoids
Revegetated barren ground
Pipelines
Power lines
Drilling towers
Trucks/Vehicles
Medium Scale (0.1 ha to 1 ha):
Roads
Multiple off-road tracks
Concrete paved yards and roads
Vegetation changes:
Shrubs to graminoids
Peatland to graminoids
Revegetated barren ground
Barren ground on industrial sites
Revegetated areas
Barracks and built-up areas
Winter roads
Large Scale (> 1 ha):
Removal of topsoil and vegetation
Vegetation changes:
Shrubs to graminoids
Peatland to graminoids
Revegetated barren ground
Production and worker settlements
Quarries
Impoundment water bodies

Quickbird-2
Multispectral

ASTER
SPOT
VNIR Panchromatic

SPOT
Landsat
Multispectral ETM+7

Landsat
TM

××
×××

××
×××

×××

××

×

×

×

-

-

××
××
×××
×××
××

××
×
×××
×××
××

×
××
×
×××

×
××

×

×

×

-

-

×
×
×
×××
×××
×××
×××

××
×××
×××
×××
×××
×××
×××

×
×
×
×××
××
×××
××

××
××
××
××
×
××
×

×
×
×
×
×
-

×
-

-

-

-

×××
××
×××

×××
××
×××

×××
×××
×××

×××
××
××

×××
××
××

×××
××
××

×××
××
××

××
×
×

××
×
×

××
××
××
×××
×
×××
×××

××
×××
×××
×××
××
×××
××

×
×
×
×××
×
×××
×××

××
××
××
×××
××
××
×××

×
×
×
××
×
××
××

××
×
××
××

×
×
×
××
×
××
×

×
×
×
×
×
×
×

×
×
×
×
×
×
×

×××

×××

×××

×××

××

××

××

××

××

×××
×××
×××
×××
×××
×××

×××
×××
×××
×××
×××
××

×
×
×
×××
×××
×××

×××
××
×××
×××
×××
×××

××
××
××
××
×××
×××

××
××
××
××
×××
×××

××
××
××
××
×××
×××

××
××
××
×
××
××

××
××
××
×
××
××

'DWDRQVRLOFRQWDPLQDWLRQDUHIURPWKH9DUDQGHLRLO¿HOGLQWKH1HQHWV$XWRQRPRXVUHJLRQ

1

photographs taken from helicopters. All images were recti¿HGLQWR:*6DQGWKHQV\QFKURQL]HGWRHDFKRWKHUXVLQJ
(5'$6,0$*,1(VRIWZDUH¶V$XWR6\QFPRGXOH,PSDFWV
at contrasting scales were selected to compare their interpretability from different satellite images (Table 2). ReinGHHUKHUGHUV¶PLJUDWLRQURXWHVDQGEULJDGLHUV¶QRWHVZHUH
digitized from satellite image printouts. The aim was to
produce a map depicting the total area of cumulative disturEDQFHDURXQGWKH%RYDQHQNRYRJDV¿HOG,PSDFWDUHDVZHUH
HVWLPDWHGE\XVLQJLQIRUPDWLRQIURP¿HOGVLWHVDQGSKRWRgraphs taken from a helicopter, and by visual interpretation
of ASTER VNIR, Quickbird-2, SPOT, and Landsat TM and
ETM+7 images.
Walker and Walker (1991) presented a hierarchical
approach to analyzing both natural and petroleum industry–related landscape changes in Arctic Alaska based on
'HOFRXUW DQG 'HOFRXUW¶V   VSDWLDO KLHUDUFK\ PRGHO
from microsite to the global level. In this paper, we investigate the capacity for different satellite platforms to detect

impacts at three scales, small (less than 0.09 ha), medium
(0.1 ha to 1 ha), and large (more than 1 ha) (Table 2). In our
case, large scale extends up to 2000 km2, which is the size
RIWKHJDV¿HOGLQTXHVWLRQ7DEOHVKRZVSL[HOVL]HVDQG
areas for the eight images, and here the small-scale class
is divided into three subclasses (0.0025, 0.01, and 0.09 ha).
The threshold value of 0.0025 ha represents a pixel size of
5 × 5 m, which is considered the upper limit of VHR image
resolution. The threshold value of below 0.01 ha represents
one SPOT panchromatic pixel (10 × 10 m), and the threshold value of 0.09 ha in the small-scale class refers to the size
of one Landsat TM pixel (30 × 30 m).
In addition, Nenets reindeer herding was investigated on
WKHEDVLVRIERWKVRFLDODQGHFRORJLFDO¿HOGVXUYH\VDQGVDWellite imagery (Table 3). Here the scales are different and
UHÀHFWKHUGHUV¶DFWLYLWLHV6PDOOVFDOHHQFRPSDVVHVSKHQRPena of a size less than 2 m 2, local scale 2–15 m 2, and then
mesoscale 15 m 2 – 0.09 ha. Visible phenomena varied from
reindeer sledges to campsites. These interpretations are
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TABLE 3. Capacity to detect phenomena associated with Nenets reindeer herding. Rankings: – not visible, x visible with effort, xx
moderately visible, xxx clearly visible.
Phenomenon
6PDOOVFDOH P ):
Reindeer
Nenets sledge
Local scale (> 2 m 2WRP 2):
Nenets tent (chum)
Migration routes and trails close to camps
Mesoscale (> 15 m 2 to 0.09 ha):
Nenets camp (group of tents and sledges)
Sacred sites, graveyards
Campsite, 1 yr or less old
Older Nenets campsite
Reindeer herd, > 100 animals clustered

Socio-cultural
Survey

Ground
Truthing

Quickbird-2
Panchromatic

Quickbird-2
Multispectral

SPOTs–ASTER –Landsats

×××
×××

×××
×××

×

×

-

×××
×××

×××
×

×
×

×
×

-

×××
××
×××
××
×××

×××
×
××
×
×××

××
×
××

×
×
×

-

2

FIG. 2. Detecting small- and medium-scale impacts. With Quickbird-2 panchromatic imagery, the size and the nature of most surface disturbances can be
reliably determined. In multispectral Quickbird-2 imagery, details are detectable but more blurry. In ASTER imagery, the size, shape and nature of objects are
somewhat unclear, and with Landsat ETM+7 imagery, the impact is barely observable.

based mainly on extensive participant observation (social
science survey) with three brigades plus different units of
private herders, as well as activities from one campsite in
use detected from the Quickbird-2 image.

of Quickbird-2 imagery to cover the core area of the gas
¿HOG7KHVXUURXQGLQJ¿HOGZDVFRYHUHGZLWKORZFRVWRU
free ASTER VNIR, SPOT, and Landsat TM and ETM+7
images.
Small-Scale Impacts

RESULTS
Detecting the Industrial Impacts at Different Scales
Landscape changes caused by petroleum industry activities appear on various scales from point to small to large.
,QGXVWULDO LPSDFWV LQ RLO DQG JDV ¿HOGV DUH XVXDOO\ RQO\
a few hectares or less in size, composed of fragmented
patches and linear transportation networks for access to
DQGIURPWKH¿HOGDQGEHWZHHQSURGXFWLRQVHWWOHPHQWV,Q
our approach, the resolution of different types of satellite
imagery is compared to other scales: those of data from
¿HOGVXUYH\V DQWKURSRORJLFDODQGQDWXUDOVFLHQWL¿F UHLQGHHUKHUGHUV¶SHUFHSWLRQRIVSDFHDQGLQGXVWULDOLPSDFWV
We have divided the impacts into three spatial scales: small,
medium, and large (Table 2).
7KH VL]H RI WKH %RYDQHQNRYR JDV ¿HOG¶V DFWLYH DUHD
interpreted from satellite imagery, is 40 × 13 km. Given our
OLPLWHG UHVRXUFHV ZH ZHUH DEOH WR DFTXLUH RQO\  NP 2

The capacity to detect impacts from both satellite data
XVHG DQG ¿HOG VXUYH\V LV SUHVHQWHG LQ 7DEOH  ,QGXVWULDO
waste such as metal, glass, concrete, and construction wood
LVGLI¿FXOWWRGHWHFWEHFDXVHLWW\SLFDOO\FRQVLVWVRIVPDOO
REMHFWVVSDUVHO\GLVWULEXWHGRYHUWKHDUHDZKLFKDUHGLI¿cult or impossible to detect even with Quickbird-2 panchroPDWLFLPDJHU\'XULQJWKH¿HOGVXUYH\ZHORFDWHGVHYHUDO
dumping places, which we marked with GPS and photographed. Herders provided additional information on the
history and cumulative impacts of these dump sites, which
ZHZHUHVXEVHTXHQWO\DEOHWRLGHQWLI\IURPWKHFRPELQHG
Quickbird-2 panchromatic-multispectral image. In and
DURXQGWKHJDV¿HOGLWZDVSRVVLEOHWRGHWHFWVRPHVL]DEOH
concentrations of trash from panchromatic Quickbird-2
imagery. Scrap wood remaining on abandoned drilling sites
is of high value to reindeer herders, who have to cope with
a scarcity of wood for cooking and other purposes. Herders also make extensive, innovative use of other leftovers on
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FIG. 3. Small- and medium-scale impacts: The capacity to detect single and multiple off-road vehicle tracks. When individual vehicle tracks are multiplied and
spread out, they appear as medium-scale impacts and are therefore possible to detect from coarser imagery.

former industrial facilities, and by doing so, contribute to a
certain extent to the recycling of waste (Stammler, 2002).
Sparsely distributed wastes can be partly or completely covered by vegetation. Such hidden waste is one of the forms
most harmful to reindeer, according to herders. Reindeer
can injure their hooves from glass or sharp metal and hence
be exposed to infections that may even become fatal.
:H GLG QRW ¿QG D FOHDU LQVWDQFH RI VRLO FRQWDPLQDWLRQ
caused by oil spills in or around Bovanenkovo, which is a gas
FRQGHQVDWH¿HOG,QVWHDGZHXVHGRXUH[SHULHQFHIURPWKH
9DUDQGHLRLO¿HOGLQWKH1HQHWV$XWRQRPRXV2NUXJZKHUH
ZHIRXQGRQHVPDOOVSLOORIDIHZVTXDUHPHWHUVDURXQGD
well capped in 1988. This revegetated drilling site was just
scarcely detectable from Quickbird-2 images, but oil could
QRW EH LGHQWL¿HG &RQWDPLQDWLRQ RI WKH VRLO IURP RLO DQG
YDULRXVFKHPLFDOVLVGLI¿FXOWWRGHWHFWHYHQLQ¿HOGVXUYH\V
if the contaminated area is small or if the accident occurred
some time ago and the area has become revegetated.
ASTER VNIR and SPOT images with a resolution of
10–20 m are capable of determining the spatial extent of
changes, but they cannot provide detailed information on
WKHFDXVHRIFKDQJH/DQGVDW70DQG(70¶VUHVROXWLRQ
DOORZVWKHLGHQWL¿FDWLRQRIFKDQJHVOHVVWKDQîPLQ

size. Patches even smaller than a single pixel can sometimes
EHLGHQWL¿HG )LJ HVSHFLDOO\LIYHJHWDWLRQLQVXFKORFDtions has been removed and bare soil is exposed, because
WKHVSHFWUDOUHÀHFWDQFHRIEDUHJURXQGLVVLJQL¿FDQWO\GLIferent from that of the surrounding vegetation.
Pipelines and power lines are reasonably detectable
in panchromatic and multispectral Quickbird-2 imagery.
Quickbird-2 panchromatic resolution was high enough to
identify power line poles. The enhanced Quickbird-2 multispectral image was most effective for identifying off-road
vehicle tracks and revegetated areas (Fig. 3). Vehicles can
DOVR EH LGHQWL¿HG IURP PXOWLVSHFWUDO 4XLFNELUG LPDJHV
Some of the larger drill towers and barracks can be detected
even with ASTER VNIR imagery.
Medium-Scale Impacts
Medium-scale signs of impacts are generally detectable with all satellite imagery we used. In off-road vehicle
tracks, which in Bovanenkovo are mainly from the period
1988 – 95, the original willow shrubs (Salix spp.) have
been destroyed and graminoids are now dominant (Fig. 3).
Such tracks are mostly detectable from the multispectral
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FIG. 4. Detecting reindeer herders: From the panchromatic Quickbird-2 image, tents (white dots), sledges (purple dots), and reindeer herd (black polygon) were
LGHQWL¿HG)URPPXOWLVSHFWUDOLPDJHVWKHVHPLJKWKDYHEHHQXQUHFRJQL]HGEXWFRXOGEHLGHQWL¿HGDIWHUEHLQJQRWHGIURPWKHSDQFKURPDWLFLPDJH

Quickbird-2 image. Here the advantages of near infrared
(NIR) channel versus panchromatic for vegetation differHQWLDWLRQEHFRPHFOHDU7KHVHOLQHDUWUDFNVDSSHDUVLJQL¿cantly more reddish than the surroundings.
At the medium scale, the utility of ASTER VNIR and
SPOT emerges, and direct impacts are readily detected.
Identifying areas with transformed vegetation from surURXQGLQJODQGVFDSHUHTXLUHVJUHDWHUHIIRUWV/DQGVDW¶V70
and ETM+7 are also possible to use but are lacking somewhat in terms of detection capacity. Winter roads and offroad tracks are just barely visible in Landsat TM and ETM+7
images. However, as resolution becomes coarser more detail
is lost, and identifying the impacts is less reliable overall.
Essentially, what can be detected is a basic differentiation
EHWZHHQGLVWXUEHGDQGXQGLVWXUEHGWHUUDLQEXW¿HOGREVHUvations are needed to determine the cause of impact.

are distributed over vast areas, the cost of VHR data may
become prohibitive. Research projects typically have limited funds to spend on satellite imagery. The cost of Quickbird-2 imagery is US$20/km 2.
When the average size of impacts is greater than one
hectare, the detection potential of ASTER VNIR, SPOT
and Landsat TM and ETM+7 images becomes more reliable. What is lost in detail is gained in acreage. The largest
VDQGTXDUU\LQWKH%RYDQHQNRYRJDV¿HOGIRUH[DPSOHLV
RQHVTXDUHNLORPHWHU /DQGVDW(70SL[HOV /DUJH
scale impacts are represented by impoundments or drained
water bodies resulting from industrial infrastructure. Even
Landsat MSS is capable of identifying such changes accurately (Table 2). When impacts are in this size range, the
advantages of VHR imagery, compared to ASTER VNIR
RUHYHQWR/DQGVDW70DUHQRWVXI¿FLHQWWRPDNHLWVXVH
cost-effective.

Large-Scale Impacts
Phenomena Associated with Reindeer Herding
Although VHR images are also most accurate for detecting large-scale impacts, the size of the area under investigation is an important limiting factor. If industrial activities

Somewhat unexpectedly, we were able to identify one of
the Yarsalinksi sovkhoz campsites from both Quickbird-2
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FIG. 5. Left: Brigadier Vasili Serotetto explaining the migration routes,
campsites, and pastures of Brigade No. 2 with a false-colour composite of
ASTER VNIR imagery. Photo: Timo Kumpula, 14 July 2005. Right: Camp
of Brigade No. 4 close to Bovanenkovo. Notice chums and sledges in the
middle and slightly clustered reindeer herd on left side (circled with black
line). Photo: Bruce Forbes, 11 July 2005.

images taken 15 July 2004. This brigade had four tents
FKXPV WKDWZHUH¿UVWQRWLFHGIURPWKHSDQFKURPDWLF4XLFNELUGLPDJHDVDQXQXVXDOJURXSRIZKLWLVKVSRWV$W¿UVW
these were interpreted as patches of bare soil. Closer inspection revealed four chums and 72 sledges in rows and 4000 or
more reindeer clustered together near the camp on the shore
RIDQHDUE\ODNH'XULQJWKH¿HOGZRUNLQ-XO\ZHFDPH
across the same brigade in a different location, and the brigDGLHUYHUL¿HGRXULQWHUSUHWDWLRQ+HZDVDEOHWRSURYLGHWKH
exact date and time when the image was taken. He explained
that the herders of the camp were with the reindeer herd
starting to catch draught males to be ready for migration to
the next camp (Figs. 4 and 5, Table 3). He also told us that
when the image was taken, there were four chums (tents) in
WKHFDPS³EXWDV\RXFDQQRWLFHWKDWIRXUWKFKXPLVOLWWOH
ELWIDUWKHUDZD\IURPWKHRWKHUVWKDW¶VEHFDXVHWKHUHZDV
disagreement between them and the rest, but nowadays the
SHRSOHRIWKLVFKXPKDYHPRYHGWRDGLIIHUHQWEULJDGH´
Herders’ and Workers’ Interpretations
Interviewing reindeer herders and participating directly
with them in their migration route through the Bovanenkovo gas deposit was essential to the holistic understanding
of the impacts of oil and gas development on humans and
animals. Information on the history of exploration that has
WDNHQSODFHLQWKHDUHDZRXOGKDYHEHHQGLI¿FXOWRULPSRVsible to gain from other sources. All informants were able
WRLQWHUSUHWVDWHOOLWHLPDJHSULQWRXWVH[WUHPHO\HI¿FLHQWO\
(Fig. 5). False colour composites did not cause problems for
identifying the exact locations of lakes, rivers, campsites
and migration routes. Herders, through their perceptions of
the migration route and the industrial area, added an important level of historical depth and detail to our understanding
of recent changes in the area. Gas workers also provided
useful details about the area and history from their point of
view. Furthermore, they provided information concerning
the future of oil and gas exploration in the area. Interviews
and participant observation with both groups of people in
the tundra revealed well the various mental maps of people

with different interests in the area (Stammler, 2005). The
mental map of most herders consists of a complex set of
PLJUDWLRQURXWHVSDVWXUHV¿VKLQJJURXQGVDQGFDPSVLWHV
presenting a detailed image of the surface resources. The
JDVZRUNHUV¶PHQWDOPDSLQWKH%RYDQHQNRYRDUHDZDVDOVR
very detailed and in many cases covered several decades,
consisting of a diverse mix of drilling sites that provide
access to different layers of the gas under the permafrost,
and pipelines, roads, and camps dispersed across the entire
territory of the gas deposit. Gas workers had also developed
an intimate knowledge of the rivers and lakes throughout
WKHGHFDGHVWKH\KDYHEHHQXVLQJVRPHRIWKHVHIRU¿VKLQJ
for a long time, and some are now being negatively affected
by the construction of new roads, which in some cases lead
right through the water bodies.
The bridge-building technology of blocking off small
rivers or lakes completely for the duration of road works
has been heavily criticized by herders. Larger areas around
WKHVH EORFNHG ULYHUV FDQ EHFRPH ÀRRGHG DQG WXUQ LQWR
extremely saturated wetlands that are not suitable as reindeer pasture or migration routes anymore. Blocking rivHUVHYHQWHPSRUDULO\DOVRKDVDQLPSDFWRQ¿VKPLJUDWLRQ
UHVXOWLQJLQDORVVRISRWHQWLDO¿VKLQJODNHVIRUWXQGUDUHVLGHQWV +RZHYHU WKH KHUGHUV ZHUH VXUSULVHG KRZ TXLFNO\
WKH¿VKFDPHEDFNDIWHUWKHULYHUVKDGEHHQXQEORFNHGDQG
WKHZHWODQGFRXOGEHXVHGDVSDVWXUHDJDLQ7KHVHÀRRGHG
areas, as well as drained lakes, can be readily detected on
satellite images, and herders added historical depth and
detailed descriptions of events for these areas.
DISCUSSION
Studies of hydrocarbon exploitation impacts should
be holistic, encompassing all possible effects on the environment and other forms of land use. In northern Russian
RLO DQG JDV ¿HOGV HIIHFWV RQ UHLQGHHU KHUGLQJ FRPPXQLties must also be studied, and several authors have argued
that impact studies should shift away from spill response
and impact and damage compensation to focus on preventing spills, minimizing negative impacts, and making development plans for local populations (Meschtyb et al., 2005;
Spiridonov, 2006; Stammler and Wilson, 2006).
(QYLURQPHQWDOLPSDFWVLQRLODQGJDV¿HOGVDUHQXPHURXV
and range in scale from small to large (e.g., Walker et al.,
1987, 2009; Truett and Johnson, 2000; National Research
Council, 2003). Usually they are clustered in patches
around active or abandoned drilling sites, and they include
VDQGTXDUULHVKRXVLQJEDUUHQJURXQGVRQLQGXVWULDOVLWHV
and areas with mechanically disturbed or otherwise altered
vegetation cover. Many of the impacts, like winter roads,
pipelines, power lines, and off-road vehicle trail networks,
KDYHOLQHDUIRUPV3DWFKVL]HFDQUDQJHIURPDIHZVTXDUH
meters to several hectares, and linear forms range from a
few meters to hundreds of kilometers in length and may be
up to tens of meters wide (Forbes et al., 2001; Khitun and
Rebristaya, 2002).
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Remote sensing imagery provides a crucial data source
for assessing both the environmental and social impacts
of oil and gas development and land cover changes in the
vast Arctic (e.g., Walker and Walker, 1991; Stow et al.,
2004; Walker et al., 2009). Since the launch of the Landsat program in 1972, numerous satellite programs have
been established. The amount of available data is growing
fast. Since the U.S. Geological Survey released its entire
35-year Landsat archive free of charge as of January 2009,
WKHSRVVLELOLWLHVIRUFRVWHI¿FLHQWODQGFRYHUFODVVL¿FDWLRQ
DQG PRQLWRULQJ DSSOLFDWLRQV KDYH LPSURYHG VLJQL¿FDQWO\
(USGS, 2009). Landsat TM and ETM+7 represent the highest resolution (30 m pixel size) imagery available from the
Landsat platforms that can be used to detect medium scale
DQGODUJHUFKDQJHV KD 
In Landsat TM and ETM+7, SPOT, or ASTER VNIR
imagery, the resolution is generally not high enough to
make detailed environmental impact assessments regarding
oil and gas, except when an oil spill is large enough, like
the Kolva River disaster in NW Arctic Russia in 1994 (see
Walker et al., 2006). VHR imagery like Quickbird-2 has
the capacity to detect even small-scale (less than 0.09 ha)
impacts (Stow et al., 2004). However, when assessing large
RLORUJDV¿HOGV9+5GDWDPD\EHWRRH[SHQVLYH9LVLEOH
LPSDFWVLQWKH%RYDQHQNRYRJDV¿HOGDWSUHVHQWVSUHDGRYHU
an area of about 500 km 2. If it is necessary to prioritize
areas because of cost limitations, those with the most intensive activity (hot spots) could be interpreted with VHR data
and the surrounding areas with coarser resolution imagery,
such as ASTER VNIR, SPOT, and Landsat.
VHR imagery alone does not enable environmental and
VRFLDOLPSDFWDVVHVVPHQWRIDQRLORUJDV¿HOG)LHOG VXUveys provide necessary data for image interpretation, clasVL¿FDWLRQDQGDFFXUDWHHVWLPDWHV)RUWUXO\DFFXUDWHLPDJH
LQWHUSUHWDWLRQ¿HOG H[SHULHQFH LV HVVHQWLDO WR DYRLG JURVV
errors. Some features, like revegetated areas, were easier
to identify from image printouts or from a helicopter than
at ground level. In the infra-red channel, revegetated areas
have higher albedo because they are usually dominated
E\ IUHVK JUDVVHV DQG VHGJHV WKDW UHÀHFW PRUH LQWHQVLYHO\
than shrub- or sedge-dominated surroundings. In satellite
image false colour printouts, different intensities of infrared signatures were readily apparent. On the other hand, not
RQO\WKHVRFLRFXOWXUDOVLJQL¿FDQFHRILQGXVWULDOGHYHORSment and its cumulative impacts, but also certain material
impacts cannot be detected with satellite imagery. It was
remarkable that from Quickbird-2 images it was possible
to detect some of the everyday activities of Nenets reindeer
herders: for example, even an individual reindeer herd clusWHUHGWRJHWKHUFRXOGEHLGHQWL¿HG
Field surveys remain the most useful way to identify
different direct and indirect impacts (Tables 2 and 3). The
VRFLDO VFLHQWL¿F VXUYH\ UHOLHG RQ KHUGHUV¶ NQRZOHGJH RI
the area as many of them had experienced the times before
DQGGXULQJWKHJDV¿HOGGHYHORSPHQW,QIRUPDWLRQRQZKHQ
and where certain impacts have occurred was important to
XQGHUVWDQGKRZDFWLYLWLHVLQWKHJDV¿HOGKDYHGHYHORSHG

$Q HFRORJLFDO ¿HOG VXUYH\ ZLWK DQ LQYHQWRU\ RI JURXQG
cover was essential to study the changes in vegetation on
disturbed sites (Forbes et al., 2001). Some objects, such as
revegetated old vehicle tracks, seldom used off-road tracks,
and areas that have been revegetated completely, were easier to detect and outline (for example) from multispectral
and panchromatic Quickbird-2 images. It is noteworthy that
VRPHWUDFNVZHUHGLI¿FXOWWRGHWHFWLQWKH¿HOGEHIRUHZH
checked the satellite image printout.
&OHDUO\LGHQWL¿DEOH]RQHVRILPSDFWPDNHLWHDVLHUWRFRPbine ground-truthing of land cover with social anthropologLFDO¿HOGZRUNLQWKHVDPHDUHDZLWKWKHGLIIHUHQWJURXSVRI
affected residents. The added value for researchers of being
LQ WKH VDPH DUHD VLPXOWDQHRXVO\ GXULQJ ¿HOGZRUN LV WKDW
interdisciplinary data analyses can be facilitated, leading
to better integration of research results. A few groups have
DWWHPSWHGWRLQFOXGHKHUGHUV¶SDUWLFLSDWLRQDQGNQRZOHGJH
directly into their research, and their results to date have
been promising (Rees et al., 2003; Forbes et al., 2006, 2009;
Walker et al., 2009).
,Q JHQHUDO ORFDO DQG LQGLJHQRXV SHRSOHV¶ DVVHVVPHQWV
add a different level of interpretation to changes on the tundra by ranking events, developments, and trends and evaluating them in terms of their positive or negative impact
on their respective livelihoods. Thus, satellite images and
ground-truthing of land cover provide an important facWXDOEDVLVDQGLQIRUPDWLRQDERXWWKHVLJQL¿FDQFHRIWKHVH
processes for the lives of humans and animals on the tunGUD+HUGHUVDUHDEOHWRSURYLGHTXDOLWDWLYHGDWD WHVWLPRQ\
from active and retired herders) on the degree of environmental and socio-economic change during recent decades.
They provide information on the current variation in the
vegetation, soils, and reindeer habitat types and how they
DUH UDQNHG DFFRUGLQJ WR TXDOLW\ 7KH\ FDQ DOVR HVWLPDWH
what proportion of the habitat has been lost as a result of
oil and gas development and how the herders and reindeer
have or have not adapted to this loss. Herders also have a
good idea where areas of potential or likely future degraGDWLRQPD\RFFXU HJGHVHUWL¿FDWLRQIURPKHDY\JUD]LQJ
WKDZLQJRISHUPDIURVW +HUGHUV¶H[SHFWDWLRQVRUVFHQDULRV
for the future under oil and gas development are important
factors that should be considered in research topic developPHQW1HQHWVKDYHGHYLVHGVSHFL¿FVWUDWHJLHVIRUPLWLJDWLRQ
of predicted negative impacts and scenarios of future reindeer management in conjunction with oil and gas activities.
0RUH GLI¿FXOW RU LPSRVVLEOH WR GHWHFW ZLWK VDWHOOLWH
imagery are the potential and actual positive social and
economic impacts of industrial development on reindeer
KHUGHUV'XULQJ¿HOGZRUNSDUWLFLSDQWREVHUYDWLRQZLWKWKH
Nenets revealed that, in principle, herders of the area welcome the presence of industrial workers and their facilities,
and their perception of the negative effects is partially offVHWE\WKHEHQH¿WV 6WDPPOHU)RUEHV ([DPSOHVWKH\FLWHGLQFOXGHWKHZRUNHUV¶VHWWOHPHQWVDVDVRXUFH
of staple food to resupply brigades during the long summer
migration, the use of roads for the supply of herders, the settlements as a market for reindeer meat, and the helicopters
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of the gas company as a means of transport and as a means
to collect velvet reindeer antlers to be sold on far eastern
markets for cash (Stammler, 2004). In the case of the priYDWH KHUGLQJ FDPSV QRW EHORQJLQJ WR RI¿FLDOO\ UHJLVWHUHG
reindeer brigades, the gas company has become the most
important trading partner (see Stammler, 2005:300–305).
Together the applied results from these assessments provide a potentially powerful tool for regional planning and
policy development. The results will be of interest to scientists in several disciplines (e.g., anthropology, geography,
biology/ecology, political science, international relations,
conservation biology), as well as to indigenous groups elsewhere in other Arctic and subarctic regions.
CONCLUSIONS
Oil and gas development in the Russian Arctic is increasing rapidly. Nenets reindeer herding on the Yamal Peninsula is experiencing increasing pressures from hydrocarbon
exploitation. Environmental impacts of such activities affect
WKHTXDOLW\TXDQWLW\DQGDFFHVVLELOLW\RIUHLQGHHUSDVWXUHV
In the near future, social impacts may present even greater
threats to the long-term viability of Nenets nomadism in the
Yamal tundra (Forbes and Stammler, 2009; Stammler et al.,
2009).
In this paper we have focused on detecting environmental impacts from different types of satellite imagery. Scales
varied from small to large, and types of impact from patch
to linear form. VHR imagery like Quickbird-2 had the
best capacity for detailed impact assessment. With VHR
LPDJHU\PRVWRIWKHLPSDFWVFRXOGEHLGHQWL¿HGZKLOHZLWK
coarser resolution imagery it was in many cases possible to
say that there was some change or activity, but not to determine its nature. High price limits the use of VHR imagery.
Landsat TM and ETM+7, SPOT or ASTER VNIR imagery
can be used together with VHR imagery when interpreting
ODUJHRUPXOWLSOHRLODQGJDV¿HOGV
Field surveys remain essential for reliable satellite image
LQWHUSUHWDWLRQ 7KH VRFLDO VFLHQWL¿F VXUYH\ WKDW UHOLHG RQ
ORFDO KHUGHUV¶ NQRZOHGJH SURYLGHG LQIRUPDWLRQ RQ WKH
SHULRGSULRUWRDQGLQFOXGLQJWKHRQJRLQJJDV¿HOGGHYHOopment, which was not achievable with satellite imagery
alone. Assessing the ecological impacts of oil and gas activLWLHV UHTXLUHV D FRPELQDWLRQ RI UHPRWH VHQVLQJ GHWDLOHG
JURXQGWUXWKLQJ DQG VRFLDO VFLHQFH ¿HOG VXUYH\V /RFDO
DQGLQGLJHQRXVSHRSOHV¶DVVHVVPHQWVDGGDGLIIHUHQWOHYHO
of interpretation to changes on the tundra. Such an interdisciplinary approach leads to better integration of research
results and more comprehensive understanding of combined
social and environmental impacts.
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