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Research area location
- Bovanenkovo “supergiant” gas field, In Central Yamal

peninsula, Russia

. + Reindeer herding survived

best (from soviet arctic

indigenous peoples) from

%) Soviet period

‘A« Traditional migration

between summer-winter
pastures (up to 1400 km/
year)

 The only Russian region with
significant increase of people
and reindeer in the tundra
since Soviet Union

« Now close to 600 000
! animals, almost 300 000 on
the Yamal Peninsula,
managed by more than 1000
fully nomadic h9u.§,_e_,hol S_

4




1) What are the combined environmental and social
impacts of gas activities on reindeer rangelands and
husbandry in Bovanenkovo region?

2) How can remote sensing be combined with other forms
of ecological, social, geographical and local knowledge
data?

3) Monitor the changes and build up remote sensing based
chronology of industrial development in the Bovanenkovo
gas field

4) Which natural land cover changes appears 1n the region



Remote sensing imagery

Satellite Sensor Acquired Resolution
LANDSAT MSS 28 July1984 70 m
LANDSAT T™M 7 August 1988 30 m
SPOT 29 July 1993 19 m
SPOT 19 July 1998 20 m
ASTER VNIR 21 July 2001 I5m
Quickbird-2 Panchromatic 15 July 2004 0.63 m
Quickbird-2 Multispectral 15 July 2004 2.4m
GeoEye 15 August 2009 1.65m
LANDSAT + ETM/7 19 July 2010 30 m

LANDSAT TM 14 July 2011 30 m




GIS database:

- Road network

- Offroad vehicle tracks

- Pipeline network

- Quarries S
- Other infrastructure =°° . treeoirc cooeeeremees
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Pajunen, A. (2010). Willow-characterised shrub vegetation in tundra and its relation to abiotic,
biotic and anthropogenic factors. Acta Universitaes Ouluensis A 546
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Tahle 2. Capacity b detect different imp acts %ﬂhydmcaﬂmn exploration in Bovanenkovo. /*\R)ah on soil contamination are from Varandeioil %)\d in

Soci\iw\tuml Ground truthing Quickbird-2 f@tf ASTER Spot  Spot Landsa Li. Arn
¥

Impact sur Panchromatic Mualt rd TERRAVNIR Panch. Multispec. ETM?
Small scale < 0,09 ha |
Soil contamination* xX XX - - - - - - -
Removal of top soil 2nd vegataion XX XXX XX xX X X X = =
Industridd waste:
- mets X xX X = = = = = =
-glass XX X - - - - - - -
- concrete XX XXX xX X - - - - -
- wood XXX XX X = = = = = =
Single off-road wehicletrack xX xX XX xX X X X = =
Vegetation changes:
- shrubsto graminoids X | xx X xx X - - -
- pedland to graminoids < X XXX X xX X = = = =
- revegat @ ed bamren ground [%— XXX X xX - - - -
Pipdines XX XXX XXX xX X - - - -
Powerlines XX XXX XX X = = = = =
Drilling towers XX XXX XX xX X X - - -
Trucks/viehicles XXX XXX xX X - - - - -
Medium scale > 0.1ha-<1ha
Roads XX AXAX XX AXX XX XXX AXX XX xX
Multiple off-road tracks xX XX XX xX XX XX xX X X
Concrae paved yards and roads XX XXX XX xX xX XX xX X X
Vegetation changes:
- shrubsto graminoids xX XX X XX X = X X X
- pedland to graminoids XX XXX X xX X = X X X
- revegataded bamren ground xX XXX X xX X - X X X
Barren ground on industridd sites XX XXX XX XXX xX XX xX X X
Revegetaed areas X xX X XX X X X X X
Barracks & built up areas AXX XXX XX xX xX XX xX X X
Winter roads AXX xX XX XX xX X X X X
Large scale > 1 ha
Removal of top soil and vegataion XX XXX XX XX xX XX xX xX xX
Vegetation changes:
- shrubsto graminoids XX XXX X XX xX XX XX XX XX
- pedland to graminoids XX XXX X XX xX XX xX xX xX
- renegat @ ed bamren ground xX XXX X xX xX XX xX xX xX
Production and wor ker s=ttlements XX XXX XX xX XX XX XX X X
Quarries )()( AXAX XX XX XX XXX AXX xX xX
Impoundment waer bodies XX XX XX XXX XXX XXX XX XX

Kumpula, et. al. (2010). (Afctlc) Kumpula et al. (26\;{2) (Remote sensing) \/



Offroad vehicle tracks in different imagery

Quickbird-2 pan 2004 ' Spot panchromatic1998

Aster Terra VNIR 2001 Spot multispectral 1998 Landsat ETM+7 2000
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Table 3. Estimations of the spatial extent of industrial impacts. Satellite images used are
Landsat MSS/TM/ETM. SPOT, ASTER VNIR. Quickbird-2 and GeoEye.

Satellite/year MSS TM SPOT SPOT ASTER Quichird-2 GeoEve/ETM TM
Form of activity 1984 1988 1993 1998 2001 2004 2010 2011
Buildings & yards km’ 0.4 0.6 1.9 1.9 2.1 54 938
Main roads length km 2 49 80 81 81 154 212
Road area coverage km’ 0.6 1.8 29 3 3 58 8.0
Sand quarries km’ 18 35 35 35 43 6.6 9
Pipeline night of way km 16 16 103
Pipeline corridor km® 0.6 0.6 44
Railroad km 59
Railroad area coverage km’ 3.6
Off-road track length km 38 348 380 410 590 2.400 2.989 3.136
Off-road track area coverage km’ 3 14 16 17 24 e 49 54
Disturbed vegetation 19882011 km’ 1.9 0.3
Airport km’ 1
Visibly affected area km® 70 320 375 420 440 451 509 836
Permanently changed area km’ 28 59 8.4 83 8.9 184 36.1

Kumpula et al. (2012) Remote sensing



30 new gas rigs,

Railroad

Gaspipeline

Airport

Several thousand shift workers
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Reindeer brigade borders

- Infrastucture
|:| Sand quarry

Road network

[:] Affect area
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Brigade summer pasture borders
D Visibly affected area 2011

N 4 Migration routes

Background satellite data:
Landsat TM 7.8.1988

P Landsqat MSS 28.8.1984
USGS, NASA Landsat Progra
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Impacts of Bovanenkovo gas field to
brigades 2, 4 and 8 of Yarsalinski sovhoz:
Brigade 4:
« Summer pasture July-August 1019 km?
« 225 km? in Bovanenko gas field affected area

Brigade 8:
« Summer pasture July-August 796 km?
« 200 km? in Bovanenko gas affected area

Brigade4 Brigade8 Brigade2
area affected 2004 km’ 225 200 29
area affected 2010 km® 228 240 29
area affected 2011 km® 300 295 147
Area of summer pasture km® 1019 796 1208




Natural environmental changes:
Landslides in Bovanenkovo region

el L)
woere Layw 2
e Ly )

[ e
A

fnd Ly )
woers Lww 2
LY

fed Ly 4
wears Lww
B law 2

) o bobat my
(]

1]

L dow_ 1402 00destrym vy
"
Moh 6 e

.,... 2,940




Field work 2004, 2005, 2011

* Description of land slides
e 2011:

— Field team Ukraintseva, Korobova, Forbes, Kumpula, Strengell
— ASD spectrometer

— LAI 2200

— Biomass ( N. Ukraintseva, T. Korobova)
— Dendro samples (B.Forbes)















- ASD field spectrometer
reflectance 325- 1050 nm

- Measured reflectance:
- main vegetation types
- main bare ground types
- main species



Field measurements:

- 11 sites/types

- 11 measurements per site

- 1m height

- 10 degree lens (17 cm on
ground)

- cloud free days

- 10:30-13:00

3m




Species measurements Laboravaja : dry and wet
 Alnus

* Dryas

 Empetrum

* Equisetum

« Salix lanata

» Salix polaris

« Arctostaphylos alpina
e Vaccinium vitis-idaea
* Vaccinium uliginosum
» Betula nana
 Festuca

« Polytrichum

e Aulacomnium

« Sphagnum

e Dicranum

e Racomitrium

e Crustaceous lichens

+
 Sand
« gravel

*  Quarry



ASD field spectrometer reflectance 325- 1050 nm
of individual species

0.25
0.2
015 —— Alnus
—=— Salix
« Erlophorum
0.1 —=— Crustoce

0.05

325
369
413
457
501
545
589
633
677
721
775
829
873
917
961
1005
1049



W Observed landslides (611)







Conclusions

Bovanenkovo gas field has affected to reindeer herding sevaral
decades.

Impacts of gas field were quite local untill mid 2000’s, but now it
affects strongly to several brigades and entire sovhozes.

Recent preparations to begin production has expanded the impacts via
transport corridors the surrounding areas

Limited or restricted accessibility to pasture land:
— Linear constructions cause problems to migration
— Too low build pipelines, high road , railroad banks
— Restricted accessibility

* By gas companies
* Areas between barriers are left unused

—> decreased amount of pastureland
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