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Anthropogenic Perturbation of the Global Carbon Cycle:
Northern hemisphere has slightly higher concentrations
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Anthropogenic Emissions

Total emissions in 2011: =10 PgC a-1

PgCa™!
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IPCC, Assessment Report 5, 2013
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Atmosphere
(47%)

43 PgC a’!

Land
(27%)

2.5 PgC a”

Ocean
(26%)

8.3 PgC a’!
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Global Carbon Project, 2015
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Growth of amount of wildfires and areas burned: what is
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more crucial over the long-term?

I

(=}

o
wn

O
o

[
o
w

-1.0 . !

T

Area burned
Observed temperature
Simulated temperature

ed b

.‘lLllll

Temperature anomaly (K) / Area burned amomaly (10° km?)

Gillett et al., 2014

1920 1940 1960 1980

2000




Boreal forests

90 NI

60 N

PgC yr!

30N

308

60 S

-

mm  Tropical evergreen forest
Tropical deciduous forest

@@ Tropical thorn forest
Chaparral

Temperate grassland

2808}
g Cold desert
i}
&3

Savanna

Hot desert

Polar ice cap

Temperate evergreen forest
Temperate deciduous forest
Boreal forest

Tundra
Alpine

The world's largest land biome, and
makes up 29% of the world's forest
cover with the largest areas located in

Russia and Canada
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‘top-down’

...uses observations of the atmospheric
composition at remote locations and
only insignificantly influenced by local
processes ;

Tall Towers bridge the gap "
in scales between global <
integrative approaches and -

local process studies

‘bottom-up’ =

...is based on local in-situ observations
of fluxes or changes in ecosystems, to be
extrapolated and scaled up in order to
make inferences at continental scale
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The Zotino Tall Tower Facility (ZOTTO)

Since 2006, as part of a global cooperative effort the Zotino
Tall Tower Facility (ZOTTO; www.zottoproject.org) - unique
international research platform for large-scale climatic
observations is operational in the middle of Siberia
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Iaboraﬁ{ el # Biosphere Program (IGBP)




ZOTTO site

Zotino Tall Tower Observatory
60°N, 90°E

LT A

is located in a boreal zone, in the center of Siberian taiga,
20km west of the Yenisei River and =600km north of
Krasnoyarsk, Siberia




ZOTTO footprint area
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Tower's coverage area overlayed
Landsat ETM+ (ch 7,5,3) images ‘
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... covers mosaic of light, dark and mixed forests and wetlands -
the most representative ecosystem types in Central Siberia




Height, m

Study of wildfires: multilevel research platform
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Analysis

| 2. Atmospheric Composition
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3. Atmospheric Composition
? Data Analysis (II): Drone

based

(field studies for 2016)

4. Ground Validation
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Active fires and disturbed areas - Hot Spot
Detection Technology from NOAA and Terra
MODIS
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Ground Validation of the Remote Sensing and
Atmospheric Signal: Network of Study Plots

3

Lichen pine forest Moss pine forest Mixed forest Dark coniferous Peat Bog
12% of area 14% of area 35% of area 6% of area 13% of area

Permanent study plots within the fire scars areas
in dominant ecosystems - will further used for
long-term research of biogeochemical processes
during ecosystem restoration

Major carbon pools - advance Field Map mapping
technology
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Atmospheric Composition Data Analysis:
Detection of Biomass Burning Signal
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Atmospheric Composition Data Analysis:
Integration with Backward Trajectory Modeling (HYSPLIT)
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Atmospheric Composition Data Analysis:

Integration with the Remote Sensing
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Atmospheric Composition Data Analysis:
Identification of Biological Sources with Biomarkers
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Levoglucosan and its isomers (mannosan and galactosan) as dehydro-
monosaccharide derivatives are formed exclusively during incomplete
fuel combustion containing cellulose/hemicellulose
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Atmospheric Composition Data Analysis:
Identification of Biological Sources with Biomarkers
160 ——————=——————————— ek
I Angiosperms Nohwoody tissues ()~ |
1.40 : « LPVI=212.4 )
’ Dark coniferous e om0
- T - |
1,20 I O Woody tissues TN . |
'/ LPVI = 76.01 , I
1,00 | O / :
1 2]~ O ’ |
0,80 -~ . Q __--
% ’ l—-a—l_—_—________;"—_;__- ———————— -
ymnosperms :
0,60 : VS Q) P""e forests Up to 60 % - Gymnosperm
0,40 | “) Nonwoody tissues’, | nonw<_)ody tissues and_ 30 %
| O OLPVI=15.45 T - Angiosperm woody tissues
0,20 1) P
L= oo |
0,00
0,00 0,05 0,10 0,15 0,20 0,25

C/V

Lignin phenols (vanillyl, syringyl and cinnamyl) - used to differentiate
signals among tissue types and vascular plant groups
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Integration of the Remote Sensing, Atmospheric Composition
in BL and Ground Validation: Output Estimates

- Remote estimates of atmospheric composition in fire plumes (trace gases,
aerosols) over the large area of Central Siberia;

- Emission ratios, factors and other gas/aerosol related parameters (averaged
and site-specific) to be used in terms of C emission estimates;

- Biomass burning emissions (total and site-specific);

- Remote and field-based identification of biological sources of OM in wildfire
plumes - and conversely - remote detection of fire characteristics based on
the biomarkers;

- Feedback modeling of different research outputs in this platform: atmospheric
composition, ground estimates and the remote sensing data;

- Temporal and spatial estimates of carbon changes in different Central Siberian
ecosystems after wildfires (long-term task);

- Linking ecosystem signal during restoration after wildfires and the
atmospheric response (short-term/long-term).
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Thank you for your time!
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