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TheThe goalgoal of investigationof investigationThe The goalgoal of investigationof investigation

t th tit th tito answer the question:to answer the question:

Are there any changes in boundaries and character of forestAre there any changes in boundaries and character of forest--
tundra transition zone at Kola Peninsula for the last 50 years tundra transition zone at Kola Peninsula for the last 50 years 
i t t ith li ti h ?i t t ith li ti h ?in context with climatic changes?in context with climatic changes?

Investigations were carried out through remotely sensed 
images at the example of the Kanentiavr key site



Location of Kanentiavr key site at Location of Kanentiavr key site at 
Kola PeninsulaKola Peninsula

Position 55 km to the east from Murmansk, 45 km south of Barents    Sea shore.Position 55 km to the east from Murmansk, 45 km south of Barents    Sea shore.
Area 40x40 km, its center locates at 68Area 40x40 km, its center locates at 68oo 50’ N, 3450’ N, 34oo 30’ E30’ EArea 40x40 km, its center locates at 68Area 40x40 km, its center locates at 68 50  N, 3450  N, 34 30  E 30  E 
Terrain of key site is a socle strata plain, with denudated hills (up to 300Terrain of key site is a socle strata plain, with denudated hills (up to 300--350 m) and lakes 350 m) and lakes 
in tectonic faults.in tectonic faults.
Three natural zones are combined here: forest, forestThree natural zones are combined here: forest, forest--tundra, tundratundra, tundra



Share of various types of vegetation in different natural Share of various types of vegetation in different natural 
zones in Kanentiavr key sitezones in Kanentiavr key site

ForestForest zonezone (real(real forests,forests, 55––
1010 mm inin heightheight –– 4040%%,,
sparsesparse lowlow scrubscrub forests,forests, 22--sparsesparse lowlow scrubscrub forests,forests, 22
55 mm inin height,height, oror shrubshrub ––
2020%%,, swampsswamps –– 2020%%,,
dwarfdwarf shrubshrub––lichenlichen tundratundra
atat upperupper partpart ofof hillshills ––
2020%%))
ForestForest--tundratundra zonezone (sparse(sparse
ll bb ff h bh blowlow scrubscrub forestsforests oror shrubshrub ––
6060%%,, draftdraft--shrubshrub––mossesmosses
tundra,tundra, swampsswamps andand grassgrass ––
2020%% realreal forestsforests 1010%% dwarfdwarf

TundraTundra zonezone (dwarf(dwarf shrubshrub ––
lichenlichen tundratundra –– 7070%%,,

2020%%,, realreal forestsforests 1010%%,, dwarfdwarf
shrubshrub ––lichenlichen tundratundra –– 1010%%))

,,
swampsswamps andand grassgrass ––2020%%,,
shrubshrub andand dwarfdwarf shrubshrub ––
mossesmosses tundratundra –– 1010%% ))

Northern forest line,  Southern lichen tundra lineNorthern forest line,  Southern lichen tundra line



Changes of climatic conditions during the period 
under investigation (1960 2000)under investigation (1960–2000)

Meteostation MurmanskMeteostation Murmansk
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19601960––2000 in total, warming by 0.72000 in total, warming by 0.7oo 19601960––2000 in total, increasing by 50 mm2000 in total, increasing by 50 mm

Mean annual air temperaturesMean annual air temperaturesTrend lineTrend line



Changes of climatic conditions during the 
i d d i ti ti (1960 2000)period under investigation (1960–2000)

Meteostation MurmanskMeteostation Murmansk
TemperatureTemperatureTemperatureTemperature
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1961–1984, no warming 19841984––2000, warming by 0.72000, warming by 0.7oo

Mean annual air temperaturesMean annual air temperatures Trend lineTrend line



Materials for multitemporal comparisonMaterials for multitemporal comparison
19601960––19841984

For the whole area of the key site:For the whole area of the key site:For the whole area of the key site:For the whole area of the key site:
topographic maps topographic maps –– 1962 (air survey 1961), 1:100 0001962 (air survey 1961), 1:100 000

-- 1990 (air survey 1984) 1:50 0001990 (air survey 1984) 1:50 000
For 4 control and test sites:For 4 control and test sites:
air photos, R = 1m air photos, R = 1m –– 1961, 1:50 0001961, 1:50 000

-- 1984, 1:30 0001984, 1:30 000
Additional materials for the whole area:Additional materials for the whole area:
high altitude airphotos  1986, 1:200 000high altitude airphotos  1986, 1:200 000
CoronaCorona satellitesatellite images 1986, 1:200 000images 1986, 1:200 000



19841984––20042004
F 4 t t itF 4 t t it

Materials for multitemporal comparisonMaterials for multitemporal comparison
For 4 test sites:For 4 test sites:
Air photos 1961(1984), R=1 mAir photos 1961(1984), R=1 m
Satellite Terra/ASTER image, 200Satellite Terra/ASTER image, 20044 R=15 mR=15 m
Additional materials:Additional materials:

Landsat/ETM+Landsat/ETM+
Landsat/ETM+ in Google EarthLandsat/ETM+ in Google Earth

Landsat/TMLandsat/TM



Discovering changes in boundaries and character Discovering changes in boundaries and character 
f f tf f t t d t itit d t iti

ForFor thethe firstfirst periodperiod ofof 19611961--19841984 aa
comparisoncomparison ofof topographictopographic maps,maps,

of forestof forest--tundra transition zonetundra transition zone

comparisoncomparison ofof topographictopographic maps,maps,
transformedtransformed toto commoncommon scalescale andand overlaid,overlaid,
waswas carriedcarried outout..

AppearanceAppearance andand disappearancedisappearance ofof forestsforests
andand lowlow scrubscrub--forests/shrubforests/shrub plotsplots werewere
checkedchecked;; allall ofof themthem werewere digitizeddigitized andandcheckedchecked;; allall ofof themthem werewere digitizeddigitized andand
mappedmapped..

OriginalsOriginals ofof comparedcompared mapsmaps werewere ininOriginalsOriginals ofof comparedcompared mapsmaps werewere inin
differentdifferent scale,scale, soso correctioncorrection forfor cartographiccartographic
generalizationgeneralization waswas mademade (filtration(filtration ofof plotsplots

ithith <<44 22 ii dd ithith ffi i lffi i lwithwith areaarea <<44 mmmm22 inin accordanceaccordance withwith officialofficial
instructionsinstructions forfor topographictopographic mapsmaps
compilation)compilation)..



Map of changes in distribution of forest and low Map of changes in distribution of forest and low 
scrubscrub--forest plotsforest plots

Here we represent results ofHere we represent results ofHere we represent results of Here we represent results of 
checking changes in checking changes in 
vegetation plots after vegetation plots after 
correction for generalization:correction for generalization:

The map of changes shows:The map of changes shows:
AppearanceAppearance of forest and of forest and 

correction for generalization:correction for generalization:

pppp
low curvelow curve--forests forests –– 4343 plots plots 
(red), (red), 4 km4 km22 in total area;in total area;
Disappearance Disappearance of them of them –– 31 31 

22plotsplots (green), 3 km(green), 3 km22 in total in total 
area.area.
BUT BUT 
V ifi ti f thi bV ifi ti f thi bVerification of this map by Verification of this map by 
comparison of air photos comparison of air photos 
1961 and 1984 for 4 test sites 1961 and 1984 for 4 test sites 
had shownhad shown no changes forno changes forf tf t t d i t dt d i t d had shown had shown no changes for no changes for 
this period.this period.

-- birch forests instead of birch forests instead of 
forestforest--tundratundra
-- forestforest--tundra instead tundra instead 
of lichen tundraof lichen tundra

-- forestforest--tundra instead tundra instead 
of birch forestsof birch forests

-- lichen tundra instead lichen tundra instead 
of forestof forest--tundratundra



Checking results of multitemporal maps Checking results of multitemporal maps g p pg p p
comparison by air photos 1961 comparison by air photos 1961 -- 19841984

No changes:No changes:No changes:No changes:
-- Birch forestsBirch forests
-- forestforest--tundratundra

D f h bD f h b li h t dli h t d-- Dwarf shrubDwarf shrub--lichen tundralichen tundra

-- lakeslakes

1 1 kmkm

Overlay of classified photos shows no changesOverlay of classified photos shows no changes



Conclusions for the first stage of Conclusions for the first stage of 
investigations:investigations:

comparisoncomparison ofof airair photosphotos 19611961 andand 19841984 showsshows nono
changeschanges inin vegetationvegetation distributiondistribution forfor thethe firstfirst periodperiod

topographic maps of the scale 1:50 000topographic maps of the scale 1:50 000 1:100 0001:100 000 cancan

changeschanges inin vegetationvegetation distributiondistribution forfor thethe firstfirst periodperiod,,
whenwhen nono warmingwarming waswas observedobserved;;

topographic maps of the scale 1:50 000topographic maps of the scale 1:50 000––1:100 000 1:100 000 can can 
not be usednot be used for our goals.for our goals.



For the second period 1985For the second period 1985 2004 when the2004 when the

Changes of vegetation for the second period 1984Changes of vegetation for the second period 1984––
20042004

For the second period 1985For the second period 1985––2004, when the 2004, when the 
warming was noted, the comparison warming was noted, the comparison 
between airphotos 1961(1984) and ASTER between airphotos 1961(1984) and ASTER 
images was made for test sites located inimages was made for test sites located inimages was made for test sites located in images was made for test sites located in 
different natural zones:different natural zones:

1 1 –– SS--W, in forest zone, near the W, in forest zone, near the 
northern forest line;northern forest line;
2 2 –– S, inside forestS, inside forest--tundra zone;tundra zone;
3 3 –– E, in lichen tundra zone, in its E, in lichen tundra zone, in its 
central part;central part;
4 4 –– NN--E, in lichen tundra zone, E, in lichen tundra zone, 
lowlands near its southern boundary.lowlands near its southern boundary.

SS--WW NN--EEEESS



Ai h 8 A 1961Ai h 8 A 1961 d lli i ASTER 30 J l 2004d lli i ASTER 30 J l 2004
Changes of vegetation in Changes of vegetation in SWSW test sitetest site

Air photo 8 August 1961Air photo 8 August 1961 and satellite image ASTER 30 July 2004, and satellite image ASTER 30 July 2004, 
classified intoclassified into::

-- birch forestsbirch forests -- dwarf shrubdwarf shrub--lichen tundralichen tundra
-- forestforest--tundratundra -- lakeslakes

1 km1 km 1 km1 km

Air photo 8 August 1961Air photo 8 August 1961 ASTER 30 July 2004ASTER 30 July 2004



Changes of vegetation in Changes of vegetation in SWSW test sitetest site
Map of changes in distribution of vegetation is compiled as a Map of changes in distribution of vegetation is compiled as a 
result of overlay of classified images of 1961 and of 2004:result of overlay of classified images of 1961 and of 2004:

Changes:Changes:
-- Birch forests instead of Birch forests instead of 
forestforest--tundratundra

No changes:No changes:

-- forestforest--tundra instead of tundra instead of 
lichen tundralichen tundra

No changes:No changes:
-- Birch forestsBirch forests
-- forestforest--tundratundra

D f h bD f h b li h t dli h t d-- Dwarf shrubDwarf shrub--lichen tundralichen tundra

lakeslakes

-- Stone surface and Stone surface and 
swampsswamps

-- lakeslakes

1 km1 km



Changes of vegetation in Changes of vegetation in SS test sitetest site
Air photo of 8 August 1961 and satellite image ASTER of 30 July Air photo of 8 August 1961 and satellite image ASTER of 30 July 
2004 classified to:2004 classified to:2004, classified to:2004, classified to:

-- birch forestsbirch forests
-- forestforest--tundratundra -- lakeslakes

-- swampsswamps

-- dwarf shrubdwarf shrub--lichen tundralichen tundra

Air photo 8 August 1961Air photo 8 August 1961 ASTER 30 July 2004ASTER 30 July 2004



Changes of vegetation in Changes of vegetation in SS test sitetest site
Map of changes in distribution of vegetation is compiled as a resultMap of changes in distribution of vegetation is compiled as a resultMap of changes in distribution of vegetation is compiled as a result Map of changes in distribution of vegetation is compiled as a result 
of overlay of classified images of  1961 and 2004:of overlay of classified images of  1961 and 2004:

Changes:Changes:
-- thickening of shrub and dwarfthickening of shrub and dwarf--
shrub vegetation in forestshrub vegetation in forest--tundratundra

-- forestforest--tundra instead tundra instead 

No changes:No changes:
of lichen tundraof lichen tundra

-- birch forestsbirch forests

-- forestforest--tundratundra

-- dwarf shrubdwarf shrub--lichen tundralichen tundra

-- lakeslakes

-- swampsswamps



Changes of vegetation in Changes of vegetation in EE test sitetest site
Air photo of 8 August 1961.10.08 and satellite image ASTER of 30Air photo of 8 August 1961.10.08 and satellite image ASTER of 30Air photo of 8 August 1961.10.08 and satellite image ASTER of 30 Air photo of 8 August 1961.10.08 and satellite image ASTER of 30 
July 2004, classified to:July 2004, classified to:

-- forestforest--tundratundra
-- dwarf shrubdwarf shrub--lichen tundralichen tundra -- lakeslakes

-- swampsswamps
dwarf shrubdwarf shrub lichen tundralichen tundra lakeslakes

Air photo 8 August 1961Air photo 8 August 1961 ASTER 30 July 2004ASTER 30 July 2004



Changes of vegetation in Changes of vegetation in EE test sitetest site
Map of changes in distribution of vegetation is compiled as a result Map of changes in distribution of vegetation is compiled as a result 
of overlay classified images of 1961 and of 2004:of overlay classified images of 1961 and of 2004:

ChChChanges:Changes:
-- forestforest--tundra instead of tundra instead of 
lichen tundralichen tundra

No changes:No changes:

lichen tundralichen tundra

ff dd-- forestforest--tundratundra

-- dwarf shrubdwarf shrub--lichen tundralichen tundra

-- lakeslakes

-- swampsswamps



Changes of vegetation in Changes of vegetation in NENE test sitetest site
Air photo of 8 August 1961 and satellite image ASTER of 30 JulyAir photo of 8 August 1961 and satellite image ASTER of 30 JulyAir photo of 8 August 1961 and satellite image ASTER of 30 July Air photo of 8 August 1961 and satellite image ASTER of 30 July 
2004, classified to:2004, classified to:

-- forestforest--tundratundra
-- dwarf shrubdwarf shrub--lichen tundralichen tundra -- lakeslakes

-- swampsswamps
-- dwarf shrubdwarf shrub--lichen tundralichen tundra

Air photo 8 August 1961Air photo 8 August 1961 ASTER 30 July 2004ASTER 30 July 2004



Changes of vegetation in Changes of vegetation in NENE test sitetest site
Map of changes in distribution of vegetation is compiled as a resultMap of changes in distribution of vegetation is compiled as a resultMap of changes in distribution of vegetation is compiled as a result Map of changes in distribution of vegetation is compiled as a result 
of overlay of classified images of 1961 and of 2004:of overlay of classified images of 1961 and of 2004:

Changes:Changes:Changes:Changes:
-- forestforest--tundra instead of tundra instead of 
lichen tundralichen tundra

No changes:No changes:

-- forestforest--tundratundra

-- dwarf shrubdwarf shrub--lichen tundralichen tundra

-- swampsswamps

-- lakeslakes

-- swampsswamps



ConclusionConclusion
ForestForest tundra vegetation distribution in Kanentiavr key sitetundra vegetation distribution in Kanentiavr key site had nothad notForestForest--tundra vegetation distribution in Kanentiavr key site tundra vegetation distribution in Kanentiavr key site had not had not 
changed in the period 1961changed in the period 1961--19841984, when no warming was observed, but , when no warming was observed, but 
it experimented it experimented noticeable changes in period 1984noticeable changes in period 1984--20042004, when the , when the 
overall warming was 0.7overall warming was 0.7ooC.C.
Various kinds of changes were discovered in different parts of the Various kinds of changes were discovered in different parts of the 
territory:territory:territory:territory:
• In birch forests zone (S-W test site) increase of forest area takes 
place due to thickening of shrubs.
•• Inside the forestInside the forest--tundra zone (S test site) thickening of shrub tundra zone (S test site) thickening of shrub 
and dwarf shrub vegetation is seen in some places.and dwarf shrub vegetation is seen in some places.
•• In dwarf shrubIn dwarf shrub--lichen tundra zone (E test site) at elevated parts oflichen tundra zone (E test site) at elevated parts ofIn dwarf shrubIn dwarf shrub--lichen tundra zone (E test site) at elevated parts of lichen tundra zone (E test site) at elevated parts of 
the territory, there are practically no changes. But in the lowest part the territory, there are practically no changes. But in the lowest part 
of the tundra zone (Nof the tundra zone (N--E test site) decrease of lichen area took place.E test site) decrease of lichen area took place.

These conclusions were made by multitemporal image analysis for the test sites. In These conclusions were made by multitemporal image analysis for the test sites. In 
future investigations we are planning to cover the whole territory of the key site.future investigations we are planning to cover the whole territory of the key site.



Thank you for attentionThank you for attention


