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Much of Alaska boreal and arctic ecosystems have never been
Included in the U.S. national greenhouse gas inventory report
submitted annually to UNFCC

A lot of research is being conducted in Alaska focusing on the
Impact of climate change on the fate of carbon in aboveground
and belowground pools

A first-of-its kind comprehensive assessment should provide
useful information for policy makers and the science community

Work of the assessment is still ongoing, preliminary results are
reported here
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Cumulative changes in carbon
stocks between 1980 and 2009

The increase in fire frequency in the early 2000’s induced carbon loss from the living vegetation
and soil stocks. This change induced the boreal forest in Alaska to transition from a C sinkto a C
source in 2005. (Materials from David McGuire)
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Presentation Notes
Cumulative changes in carbon stocks since 1980 as well as cumulative area burning (2004 and 2005 were record fire years) and annual temperature anomaly.  
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Cumulative changes in carbon stocks since 1980 as well as cumulative area burning (2004 and 2005 were record fire years) and annual temperature anomaly.  
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Spatial domain of the assessment:
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In case you need to show the boundaries of the Northwest Boreal LCC Region.  Note that we are doing simulations with TEM for all of the area within the red boundary.  We miss some of the Northwest Boreal LCC region in Canada because Prism has been run on this region, which prevents us from downscaling to 1 km resolution.�




Scope and methods

Input data:
¢ Climate data

* Land/veg cover

* Wetlands

* FIA data

* Soils & carbon

* Permafrost

* Biomass maps

* Fire disturbances

* Fire and other
management data

* Shrub & biomass
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“Issues” for remote sensing

" Difficulty in separating water bodies and wetlands

" Different water and wetland types are not supported in
existing data products

" Very high inter-annual and seasonal variability in where
the water bodies and wetlands are distributed

" Conventional remote sensing not sensitive to distribution
and change of permafrost and active layer depth

B Persistent cloud cover
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Land and water basis of the
assessment and climate forcing

" Historic/present land and vegetation cover from improved
legacy data products

" Projected future land/vegetation cover modeled using
Alaska-specific climate GCM
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Initial Land Cover and historical and future air temperature drivers (A1B, but we are also using A2 and B2) used by DOS-TEM


Impact of wetland mapping on GHG
estimation

Figure S3. Spatial distribution of vegetation types (A) and wetland extent maps derived from three
datasets: (B) WET1 (Matthews and Fung 1987); (C) WET2 (Lehner and Déll 2004); (D) WET3 (Papa

et al. 2010).

From: Zhu et al 2010 ERL

%USGS Area determination has the single most impact on the size and
uncertainty of estimating GHG emissions




Wetland types not represented In
availlable data products

" Available global data products (NWI, China data, USGS data, etc.)
either are incomplete or do not differentiate bog vs fen wetland types,
which have very different C and CH4 cycle characteristics

" Bog: woody wetland where water inputs are only from precipitation and no lateral
flows, usually acidic.

" Fen: herbaceous wetland where water input are primarily from lateral water flow,
usually basic.

Bog vs fen at Bonanza Creek LTER
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Mapping decision tree was built and applied at 30m resolution, then summarized to % of area in each 1km pixel


Using a traditional mapping effort

Regression tree mapping
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Mapping decision tree was built and applied at 30m resolution, then summarized to % of area in each 1km pixel
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=
Bog and fen comparisons

Whitcomb et al 2009 SAR mapping Wylie et al this study
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Confusion matrix comparison with Whitcomb et al. 2009): Fen user and producer accuracy = 33,31,      bog user producer accruacy 38, 40,   (46?)


Alaska water bodies

" Evaluated available data products:
* National Hydrography Dataset
* NLCD

* Recent Landsat based product (Chinese State Mapping
Bureau)

- Circa 2000
- Circa 2010
" Compared the data with high resolution data (~2 m pixel)

Materials from J. Rover and B Wylie
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Conducted a comparison study
using five study areas
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water bodies ¥ el o A

Comparison with
high resolution
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NHD had larger lake areas than other more recent water products 


Total water area (km?) by study site

Total water area (km2)
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Lake overestimation by NHD seemed to compensate for missed small water bodies in a fairly consistent manner in 4 of the study areas.


Permafrost, active layer depth, and
soll organic layer

Ongoing work by Neal Pastic, Bruce Wylie, and others (e.g. Geodarma 2014)

S.ora=1f(s,c,o, 1, p, a,n).

S, or S, = soil classes or soll attributes

s: soil, other properties of the soll at a point;

c: climate, climatic properties of the environment
at a point;

0: organisms, vegetation or fauna or human
activity;

r: topography, landscape attributes;

p: parent material, lithology;

~> a:. age, the time factor;
=USGS n: space, spatial position.

McBratney et al., 2003
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The scorpan model was first laid-out within McBratney’s 2003 publication, but it is an summarization and extension of Hans Jenny’s and others earlier research on environmental factors influencing ecosystem properties. In a nut shell it is states that soils at a point can be influenced by a series of factors including other properties of the soil at a point, climate, vegetation, topography, parent material, age, and location. Subsequently, if one wants to predict soil classes or attributes, it is important to try and consider these environmental factors in predictive modeling analyses.





EM resistivity mapping with optical
remote sensing

0 100 200 300 400 500Km

USGS is actively producing up to date and fine
resolution permafrost maps by combining EM
resistivity probing with conventional optical
(Landsat) remote sensing

0 50100 200 300 400 S500Km
| 1 1
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= r-surface (within 1 m) permafrost
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Evaluations of model accuracies were tested using a k-fold cross validation approach (Martin et al., 2011) and in this case 10-fold cross validations. This approach utilizes the entire dataset by randomly subdividing into training and test datasets 10 times, such that all the data is used once as validation. Here we report the overall estimation error and accuracies based on the average of ten, 10-fold cross validations. 
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Some of the methods for fitting quantitative relationships between  soil properties or classes with the ‘environment’:
Classification and Regression Trees
Generalized Additive Models
Neural Networks
Fuzzy Systems
Geostatistics

Each set of models has its own strengths and weakness, and can be employed with varying levels of success. Dependent on what question we are trying to answer, the study domain, and the soil property or class under investigation.
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Probability of Organic Layer Thickness >= 40 cm (%)
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Wildfire mapping in AK

" Produced by the Monitoring Trends in Burn Severity (MTBS)
Program

" Used the traditional ANBR method (difference of normalized burn
ratio): NBR = (near IR — mid IR) / (near IR + mid IR)

" Between 1984 to 2012, approximately 26 M acres (~ 105,000 km?)
were burned and mapped in Alaska

km? M Barren/low veg
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B Increased Greenness M Forest

u Low M Herbaceous

" Moderate “ Other
¥ Shrub

“ Wetland

B Unburned to Low




Preliminary as
future directions
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Biomass and Organic Horizon Thickness
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Validation of simulated biomass and organic horizon thickness


Soil Organic Carbon Estimates

Model regional comparison of soil C stocks

90,000
ETEM

Soil € (gC.m-2)

® johnson

Black Spruce White Spruce Deciduous

TEM estimated soil C stocks (blue bars) compared with estimates from an empirical
model of soil C stocks based on 747 samples collected in Alaska (purple bars; Johnson et

USGS al. 2011). Both simulated and “observed” soil C stock estimates are for the organic and 0-
1m mineral horizons. The black vertical bars represent standard deviation.
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Validation of soil carbon stocks simulated by DOS-TEM


Estimated Carbon Stocks
in Forests of Interior Alaska (Pg C)

Living Dead Wood Litter
Biomass
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Estimated carbon stocks for Interior Alaska Forests


C stock difference (net forest C
balance) of the three period

Estimated Change in Carbon Stocks
in Forests of Interior Alaska (Tg C yr!)
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Changes in carbon stocks in each decade – losses in the 1990s and 2000s are caused by fire


Thermokarst disturbance

Ecosystem Transitions Associated with
Thermokarstin the Boreal Forest Region
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The loss of forests to fens/bogs lead to the loss of forest peat and the gain of fen/bog peat.  Whether the system losses or gains carbon depends a lot on the rate of loss of forest peat and the rate of gain of fen/bog peat.  


Areas susceptible to thermokarst
disturbance

Quantifying the Area Susceptible to Thermokarst: Function of ice content, landscape
position (lowlands), presence of peat (histels), and presence of permafrost

Model 4 :
Maximum percent cover of permafrost, lowland or histel
**::Jw or variable ice contents are considered as low prob. areas (<10%)
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b s -
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(Genet et al.
In prep.)
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We are developing models to predict (in a statistical fashion) the occurrence of thermokarst into the future.  A key input data set into those models is quantifying the area susceptible to thermokarst (primarily area of permafrost plateau forest in interior Alaska).  What would help a lot would be to have a data set of the fractional coverage of permafrost plateau forest, themokarst lakes, fens/meadows, bogs/shrubs, and treed bogs within 1 km resolution.  


Improving measurements to investigate
wildfire impact on permafrost

" Electrical resistivity tomography (ERT)

- Transects are approximately 80 — 200 m long,
centered on burn perimeters

- 1 m electrode spacing

- Detects subsurface electrical properties along
profile at depths from <1m to ~10m

- Frozen/dry = resistive
- Thawed/wet = conductive
" Nuclear magnetic resonance (NMR)

- Downhole measurements where possible to
auger

- Quantifies unfrozen water content vs. depth, as
well as pore sizes in which water is contained

- Help to calibrate ERT models

|L7th 3 Ongoing work by Wylie, et al. g ,
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Bonanza Creek LTER — preliminary ERT
result
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Blue = low resistivity: unfrozen/wet

Green = intermediate resistivity: frozen, but likely several percent
unfrozen water

Red = very resistive: frozen (or dry) with little-to-no unfrozen water
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Bonanza Creek LTER — preliminary ERT
Interpretation
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Summary

*» The assessment is the first of its kind for Alaska, should produce

useful information for national and international policy applications and
new insights for science

= Major investment in remote sensing of various properties made for the

assessment is expected to help constraint and improve modeling
results

» The assessment also highlighted further remote sensing R&D needs:
- Wetlands, water bodies, at an annual step
- Permafrost/active layer depth monitoring

- Thermokarst lake mapping/characterization
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The assessment team




	Assessing Carbon Balance in Ecosystems of Alaska: the Role of Remote Sensing
	Background on the C assessment
	Slide Number 3
	Slide Number 4
	Spatial domain of the assessment: four geographic regions
	Scope and methods
	Scope and methods
	“Issues” for remote sensing
	Land and water basis of the assessment and climate forcing
	Slide Number 10
	Wetland types not represented in available data products
	For example: NWI data
	Using a traditional mapping effort
	Bogs (1km)
	Bog and fen comparisons
	Alaska water bodies
	Conducted a comparison study using five study areas
	Total water area (km2) by study site
	Permafrost, active layer depth, and soil organic layer
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Wildfire mapping in AK
	Preliminary assessment results and future directions
	Slide Number 28
	Slide Number 29
	Slide Number 30
	C stock difference (net forest C balance) of the three period
	Thermokarst disturbance
	Areas susceptible to thermokarst disturbance
	Improving measurements to investigate wildfire impact on permafrost
	Bonanza Creek LTER – preliminary ERT result
	Bonanza Creek LTER – preliminary ERT interpretation
	Slide Number 37
	Slide Number 38

