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Global Warming will Likely Force Biome Migration

(aka “The Velocity of Climate Change”)...
But how fast? And when?
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Some current models predict rapid and/or drastic biome

shifts during the 21st century
... Shouldn’t we already see evidence of this?

Cox, P.M., et al. (2005) Amazonian forest
dieback under climate-carbon cycle
projections for the 21st Century, Theoretical
& Applied Climatology, 78, 137-156.
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Fig. 6. Evolution of the vepetation cover in the Amazon
Box froen the coupled climate-carbon cvele simmlation




Observations of current biome shifts are ambiguous...

Harsch et al., 2009, Are treelines advancing? A global meta-
analysis of
treeline response to climate warming, Ecology Letters
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advancing (black circles)
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Reported observational evidence for...

«Shrub advance into tundra (Alaska)

*Pine replacing larch (Siberia)

*Aspen dieback (Rockies, S. Canada)

Altitudinal treeline advance (Rockies, Siberia)
*Pinyon-Juniper dieback (or temporary disturbance?) (SW US)



Modeled x2 CO2 Climate
VEMAP VEGETATION DATA SET (climate change only)
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Previous Work

Analysis of NDVI trends across forest stand v

boundaries at ecotone, Great Slave Lake &

Quebec
(Masek, 2001, J. Biogeography)

No evidence for stand expansion
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GSFC/UMD Biome Boundary Shift Project

Do we see “early” evidence of biome migration from
Landsat time series?

Focus on areas with...
- significant climate trends during Landsat era
- minimal human impact on vegetation

1. Northern Quebec Transect

- rapid summer warming

- transect through tundra/shrub/forest

- overlap with PALS lidar data
(Nelson)

2. Central Canadian Boreal

3. Southern Brazilian Amazon




What Climate Change Matters

fo

r Vegetation?

- summer: transpiration & drought?
- winter: longer growing season?
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Landsat scenes selected for peak greenness and

proximity to anniversary date
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Presenter
Presentation Notes
All data was processed via LEDAPS, using the cloud mask as a filter and also removing all water (based on NIR) and haze (based on blue band).  


B . : .
Landsat timeseries analysis: NDVI trends
- calculated using least square regression (N,;,= N-1)

-Signficance assessed with T test (T = slope/std error; p=0.05)
Scene 17-18: 1986- 2009 Positive A NDVI, 1986-2000 (Green)
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Presenter
Presentation Notes
NDVI trends were calculated from all positive NDVI values using a least squares regression and have a significance of p=0.05. A minimum number of “good” (e.g., positive) NDVI values was required for each pixel’s timeseries, depending upon the total number of available images for the given scene, this was either one or two less than the total number of images in the timeseries.

This is where I would like to add a little info on the magnitude of the trend… rough assessment suggests that it is relatively the same in north and south, but the NDVI range is different.


NDVI trend, p18 r19, mid-August 1990, 2002, 2008, 2009

Landsat NDVI Trend
1990-2009
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Do We See the Same Trends in MODIS?

- NBAR (MCD43A4) products for h14v3
- Years: 2000-2009; DOY: 201, 209, 217, 225, 233 (July 20 — August 29)

- Masked out “poor” data (QA > 2), calculated NDVI

0 = best quality, full inversion

1 = good quality, full inversion

2 = magnitude inversion (number of observations > 7)

3 = magnitude inversion (number of observations >=3 & <7)
4 = fill value

- Used LINFIT to calculate per-pixel regression through 2000-2009 NDVI
- Assessed each DOY epoch separately
- Required at least 7 out of 10 valid observations in time series
- Statistical significance assessed with T-test
- T statistic for trend = (slope) / (std_error)
- Assessed confidence at p=0.05 level

- Aggregated significant trends into single map




MODIS NBAR NDVI Trends
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Pouliot et al., Trends in vegetation NDVI from 1km AVHRR over
Canada for the period 1985-2006, IJRS, 30, 149-168
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Figure 3. Statistically significant trends in NDVl/year. (a) MK test at 90%
confidence, (b) MK test at 95% confidence, (c) t-PST test at 95% confidence,
and (d) areas that were analysed to evaluate the influence of climate and land
cover change on trends. Dark grey identifies areas where an atmospherically
corrected Landsat time series was available. Light grey identifies areas where
a land cover time series was available.
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Preliminary analysis: NDVI trend by landcover class

Landcover classes, proportion of

scene 17-18 .
m2
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13 CCRS Northern Land Cover Classification Legend
14 I. Graminoid dominated
m15 1 Tussock graminoid tundra (<25% dwarf shrub)
2 Wet sedge
Moist to dry non-tussock graminoid/dwarf shrub
Relative contribution to NDVI trend, by landcover class 3tundra
0.45 4 Dry graminoid prostrate dwarf shrub tundra
° 0.40 Il. Shrub dominated (.25%0 cover)
o 5 Low shrub (<40 cm; >25% cover)
= 035 - 6 Tall shrub (=40 cm; >25% cover)
% 0.30 - M July: Significant 7 Prostrate dwarf shrub
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T 015 - m August: Significant 10 Bare soil with cryptogam crust- frost boils
2 010 4 NDVI trend (1990- IV. Wetlands
S 005 - 2009) 11 Wetlands
g 0.00 4 V. Non-vegetated
= 12 Barren
S 123456 7 8 9101112131415 13 Ice/snow
E Landcover class 14 Shadow
15 Water



Presenter
Presentation Notes
This analysis is based on a preliminary study of scene 17-18 to consider the impact of DOY (e.g. selecting for peak greenness in timeseries) on NDVI values by cover type.  While the overall NDVI values are higher in July, it appears their proportional relationships to one another remain consistent throughout the growing season.  The scene itself is dominated by bedrock an, dwarf shrubs, and water, however, it is interesting to note that the main contributors to a change in greenness within the scene are increases in grasses and shrubs.


So What’s Going On...

Increased mid-summer cover
and/or LAl in both grass- and
shrub-dominated regions

Hypothesis: Shrub expansion |
into tundra; has been observediti . =
In Alaska and Europe

Shrubs =
deeper winter snow
= greater insulation
= earlier root/microbal activity
+ albedo feedback => earlier snowmelt

Sturm, M., Racine, C., and Tape, K.
(2001) Increasing shrub abundance in
the arctic. Nature, 411: 1251-1256.
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Moving South... how to look for forest stand expansion

 Landsat SWIR + PALS lidar to detect structural change?
* Negative SWIR trend across Path 17 transect, possibly indicating

increasing structural heterogeneity

» Positive trend in 17-22 and 17- 23 p055|bly |nd|cat|ng disturbance.

Scenes 17-20, 21,22, 23: 1986-
206@®w: Negative A SWIR/yr; Blue: Positive A SWIR/yr
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Presenter
Presentation Notes
In the southern region of the Path 17 transect, we are seeking to determine if change in NDVI is attributed to structural change, and to quantify change in both forest height and greenness not related to disturbance.  Band 5 is one source of information we are utilizing.  This figure shows the lower four scenes--17-20, 21, 22, and 23.  Positive trends in SWIR are found predominently in the southern, forested regions of the scene and may be useful in signalling disturbance.

In PALS/SWIR scene: Lighter=Higher SWIR, darker=Lower SWIR, except for black, which is no data.


Yellowstone Recovery from 1988 Fires
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Spatial variation in rates of recovery
from the 1988 Yellowstone fires,
mapped from Landsat time series NDV/
data. Left: Per-pixel rate of NDVI
increase following the fire (red=higher
rates); Right: Example trajectories
from a rapidly recovering site (red) and
a slowly recovering site (blue).

2010

NDVI changes are correlated with
increased Lodgepole Pine LAI (1999-
2005) [field data from M. Turner, U.
Wisconsin]



Yellowstone SWIR Recovery Patterns Quite Variable...
.. what is this telling us about fire recovery?
.. what should we look for from BBS (stand expansion)

Burn severity
(Turner et : aI

NDVI Band 5 1994)

Severe .
Surface E
Fire L



Conclusions

Landsat + MODIS + AVHRR provide strong evidence

for recent greening in northern Quebec
 Peak-summer phenomenon (not just phenology or snow)

 Rates up to 0.01 NDVI/yr (0.005 more typical)
* Increased cover and/or LAI of both grasses and shrubs
 Possibly related to shrub encroachment into tundra?

Next Steps
* Investigate how to map forest stand expansion given both

Landsat and PALS lidar data
« Compare vegetation response between central Boreal (winter

warming) and eastern Boreal (winter + summer warming)

The Landsat archive, when combined with other RS
and field data sources, provides a critical tool for
characterizing climate-driven shifts in global
vegetation patterns
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