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The Boreal Region

Biome Area Soil Carbon Plant Biomass Carbon Total
(10-ha) (Pg) (Pg) Carbon
(Pg)
Tropical Forest 1756 216 159 375
Temperate Forest 1040 100 21 121




Arctic

Temperature
Trends

(1966-1995)

Annual Data

-1.0

( °C per decade)

Observed Warming Trend From: Serreze, MC, et al. 2000.
Observational Evidence of Recent Change in the Northern High-
latitude Environment. Climatic Change 46:159-207.



Implications of Change:

* Drainage and
e Decomposmon
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Leaf Level:
*Photosynthesis
*Water Balance
*Temperature
*Nutrient Status

Stand Level
*Regeneration

*Competition
*Thinning
*Death

*Gap Creation

|_eaf Level:
*Photosynthesis
*\Water Balance

e [emperature
*Nutrient Status

Landscape Level:
*Dispersal
*Migration
*Disturbance




MNEE fluxes from a spruce forest at Howland, USA in 1997

Testing of
Forest-DNDC
against observed

NEE fluxes
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NEE fluxes from a spruce forest at Aberf, Germany in 1998 NEE fluxes from a spruce forest at Tharancit, Germany in 2001
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Comparison between observed and Forest-DNDC modeled NEE fluxes.
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Observed and modeled NEE fluxes from a wetland spruce forest in Central Forest Reserve at
Fyeodorovskoe, Russia in 1999-2004
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Comparison between observed and Forest-DNDC modeled NEE fluxes.




Modeled C fluxes composing NEE: Soil is a key
factor determining sink or source

Observed and Modeled CO2 Fluxes from a Wet Spruce Forest at Central Forest
Reserve in Fyeodorovskoe, Tver, Russia in 2004

Photosynthesis- Respiration - Soil Respiration = Modeled NEE
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— Observed NEE —o— Modeled NEE — Modeled photosynthesis
— Modeled plant respiration — Modeled soil respiration




Modeled C fluxes composing NEE: Soil is a key
factor determining sink or source

Observed and Modeled CO2 Fluxes from a Dry Spruce Forest at Central Forest

Observed and Modeled CO2 Fluxes from a Wet Spruce Forest at Central Forest
Reserve in Fyeodorovskoe, Tver, Russia in 2004

Reserve in Fyeodorovskoe, Tver, Russia in 2004
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CO2 flux, kg C/ha/day

Stand Photosynthesis Plant Soil GPP NEE
kgC hal yr! respiration respiration kgC hal yr! kgC ha! yr-!
kgC hal yr! kgC ha! yr!
WSF 13132 10361 3481 2771 711
DSF 14162 9616 2683 4546 -1863




Impact of forest age, SOC and temperature on C dynamics

Modeled impacts of forest age, SOC content and climate on NEE flux for a wet
spruce forest in Tver, Russia
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Scenario

NEE was sensitive to forest age, SOC content and temperature. Along with increase in
forest age, SOC content or temperature, the forest shifted from a sink to a source of
atmospheric CO, although the mechanisms underlying the NEE changes were different.



Leaf Level:
*Photosynthesis
*Water Balance
*Temperature
*Nutrient Status

Plant Level:
*Flowering
*Fertilization
*Germination
*Growth
*Mortality

Stand Level:
*Regeneration
*Establishment
*Growth
*Competition
*Thinning
*Death

*Gap Creation

Landscape Level:
*Dispersal
*Migration
*Disturbance




FAREAST: A Boreal Forest Simulator

Growth:
*Available Light
-Soil Moisture
-Site Quality
Growing-Degree
Days

Depth of Thaw
‘Diameter

*Age

‘Height

Mortality:
*Stress
‘Fire
‘Insects
*Age

Regeneration:
*Available Light
-Soil Moisture
-Site Quality
‘Depth of Thaw
Seed Bed
-Seed Availability
Sprouting
-Layering



Data Needs:

Process information on
the silvicultural
features of the boreal
tree species, allometric
equations, light
extinction coefficients,
and other biological,
biophysical and physical
aspects of stand
dynamics.

A Systems Analysis
of the

Global Boreal Forest

Edited by
Herman H.Shugart, Rik L.eemans and Gordon B. Bonan

Much of this has been derived from
earlier synthesis activities but there
remains a need for a characterization of
the fundamental processes, particularly
thermal fluxes and ice-related processes.



Testing
Individual-
based Models
of the Boreal
Forest
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Tests of the FAREAST Model on Mountain Gradients

Actual Versus Observed Basal Area by
Species at Four Elevations
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Test
sites In
China
and
Russia

85% Correct (Validation Mode)
95% Correct (Verification Mode)



Gap Models Simulate Cover Dynamics and Carbon Dynamics.

Luo Tianxiang (1996) Data for 593 Chinese Stations

N

Simulated Net
Primary Production
(kgCm-2yr-!) for 593
Chinese Forest
Survey Stations
versus Observed
Data
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Validation Mode
(Unfitted Data)

0.4 0.6 0.8 1 1.2 14 16 1.8 2

Observed Net Primary Production (kng'zyr'l)

Observed data from: Luo Tianxiang. 1996. Patterns of net primary productivity for Chinese
major forest types and their mathematical models. Ph.D. thesis. Commission for Integrated
Survey of Natural Resources, Chinese Academy of Sciences, Beijing. (in Chinese).



By running the FAREAST model (200 simulated
plots for 700 years starting with an open plot)
for 234 weather stations in the NEESPT region,
one obtains both the expected successional
dynamics and mature forest condition.

Size of circles indicates the biomass of mature (700-
year-old) forests across the NEESPT region.



By running the FAREAST model (200 simulated
plots for 700 years starting with an open plot)
for 234 weather stations in the NEESPT region,
one obtains both the expected successional
dynamics and mature forest condition.

Size of pie slices indicates the biomass composition of
mature forests across the NEESPI region.



How does one know the reliability these
predictions? How does one determine the highest
priorities for additional model development?




There are data for testing these predictions
but the comparisons involve knowing the
history of disturbance and harvest regimes
for vast land areas

Carbon Store in Forest Lands of Annual Carbon Accumulation in Forest
Russia (1€ ha) Lands of Russia (tC ha yr-!)

0.2-0.3 0.5-0.6 1.0-1.2 H1.4-1.6
#0.3-0.4 m0.6-0.8 #E1.2-1.4




WHAT IS
NEEDED?

We need to develop a
system for
monitoring and
validating the
distribution and
change in land cover
across Northern
Eurasia
(PaspaboTaThb
cucTemy
MOHUTOPUHIA U
BANMAALUU KapT
PACTUTENbHOTO
MOKPOBA U ero
U3MEHEeHUN)




The Land Cover of Northern Eurasia for the Year 2000 @

Location of NELDA test sites (Map was created at EC JRC as part of
GLC 2000 project, Bartalev ef a/ 2003)



Age cohorts of forest stands as a
footprint of past disturbance




Age cohorts of forest stands (% of total forest areaj

Age (vears)
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Leaf Level:
*Photosynthesis
*Water Balance
*Temperature
*Nutrient Status

*Death
*Gap Creation

Landscape Level:
Dispersal
*Migration
Disturbance

Landscape Level:
*Dispersal
*Migration
*Disturbance




FOREST DISTURBANCE AND TYPE MAPPING

USING MODIS DATA Tost Sitec
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Changes of forests Current (2005) forest types
dur'ing year 2003. overlaid with GLAS

footprints (L2A).
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rec_ndx: 246268022 shot: 10
Lat:  38.013840 lon: Z283.158830
tree height: 33.43

adjusted tree height: J1.83

H100

H75

H50

H25

GLAS WAVEFORM
PROCESSING

1) Smooth

2) Noise estimation

3) Find signal beginning
and ending

4) Find ground peak

5) Calculate top tree height

and ‘slope corrected’ tree

height

6) Calculate heights of

energy quartiles

7) Assume ground peak

is symmeftric, find the ratio

of waveform energy from

canopy to ground

8) Calculate the front

Slope




Biomass prediction
from GLAS Data
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The variables used are total
length of waveform, fop tree
height, heights of 25%

and 75% quartile waveform
energy and their transforms.

Tree Height prediction
from GLAS Data

151 ding

Fleld Tree Height (m)

The variables used are total
length of waveform, height of
waveform centroid, quadratic
canopy height, height of 25%
quartile waveform energy and
their transforms.



Study area (40°-58° N 1150-142¢° E)

Total 543,081 GLAS
shots with a local slope
less than 10e.

296,433 (54.5%) shots
were in forests

Average biomass over
the forested area is 79
Mt/ha or 7.9 Kg/m?2

A recent study by Huang and Xia (2005, Forest Resource Management) from National
Bureau of Forestry, China found that average biomass in this part of China at 2003 was
80.2 Mt/Ha. Biomass changes from 150Mt/Ha at Changbai Mountain area (south-east)
to 50 Mt/Ha in some areas at Daxinanling (north-west). The average biomass (in white)
of the four sub-regions are consistent with their results.



Eurasian Land
Cover Change in
response to
climate change
may be more
complex than
~ merely
“painting-by-
numbers” of
vegetation onto
climate.

AV




"...in large parts of the temperate and boreal forest areas, the decrease in surface
albedo by forestation is as important as carbon sequestration in its forcing of climate.
As a result, forest carbon sinks in these regions could exert a much smaller cooling
influence than expected, or even exert an overall warming influence.”
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Hadiaﬁve fnrr:ing due to r.:arhnn sequestratiﬂn (nWm™ ha

0.6 0.5 0.4 0.3

b. Fladiatwa forcing dua to albedo :hange {nw m* ha }

From: Richard A. Betts. 2000. Offset of the potential carbon sink from
boreal forestation by decreases in surface albedo. Nature 408:187-190.
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Latitude

Longitude

Multi-model-ensemble annual-mean change of the temperature (Gray shading),
its range (Unit:°C) mean change divided by the multi-model standard deviation
for the IPCC-DDC scenario IS92a (6S: greenhouse gases and Sulphate
aerosols) for the year 2021 to 2050 relative the period 1961 1o 1990.




Current Climate
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Relating Model Results to Actual NELDA Project Data

Proportion of Larch in Age Cohorts of forest stands

Less presence of Larch
in younger stands
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Leaf Level:
*Photosynthesis
*Water Balance
*Temperature
*Nutrient Status

Stand Level:
*Regeneration
*Establishment
*Growth
*Competition
*Thinning
*Death

*Gap Creation

Plant Level:
*Flowering
*Fertilization
*Germination
*Growth
*Mortality

Landscape Level:
*Dispersal
*Migration
*Disturbance
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Where do we stand?
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Where do we stand?

Models and observations
across multiple scales.

o
v




Where do we stand?

Models and observations
across multiple scales.

Fusion among different
sensors with

! different resolutions
and capabilities.




Where do we stand?

Models and observations
across multiple scales.

Fusion among different
sensors with

! different resolutions
and capabilities.

Development of an
increased capability
To represent

land dynamics as an
essential part of the
Earth's systems.



















The Boreal Region

Soil Carbon Plant Biomass Carbon
(Pg) (Pg) Carbon

Pa
Boreal Forest 1509
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