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Motivation 

Graven et al, 2013, Science; …. but, see Gray et al., 2014, Nature 
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Changes in Greenness,  
Productivity(?) & Mortality 

Goetz et al., 2005, PNAS  Xu et al., 2013, Nature Climate Change 
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Trends in 
Growing 
Season 

Keenan et al., 2014, Nature Climate Change 
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Dragoni and Rahman et al., 2012, AFM 



Project Goals 

• To produce time series of Landsat data for a sample of 
Landsat scenes that capture the primary modes of 
variation in temperate and boreal forest ecosystems. 

• To characterize long-term trends and short-term 
anomalies in the growing season of North American 
temperate and boreal forests. 

• To improve understanding of how different temperate 
and boreal forest types have responded to climate 
change and contribute to observed greening and 
browning trends in AVHRR data. 
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Why use AVHRR (or even MODIS) when 
you can use Landsat? 



Distribution of Boreal Fire 

Greening/Browing Trends 

Sample 

Design: 

 

~ 75 Sites 

Pseudo-

Random 

Allocation 



Selected Sites (n~80) 

Allocated by: 
Level II Ecoregions 
% Forest Cover 
LTER Sites 
Fluxnet Sites 
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Are there trends in Landsat NDVI over Boreal Canada? 

If so, what is nature, magnitude, and drivers behind trends? 
 

• Two possibilities: 

1. Actual changes on the ground, including role of disturbance? 

2. Artifacts in data? 
• Changes in 

sensor-sun  
geometry 

• Subtle differences in 

      calibration of TM5  

      vs. ETM? 

• Analysis at 16 sites 
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Part 1: Trends in Peak Summer NDVI 

Figure from: Sulla-Menashe et al., in revision, Remote Sensing of Environment 



R: SWIR, G: NIR, B: Red 

Methods: Creating a 
28-year Landsat Time 

Series 
1. Atmospheric correction & 

cloud screening (LEDAPS, 

FMASK) 

2. CLFDB and YATSM for 

disturbance 

3. Maximum NDVI value 

composite for peak summer 

“greenness”   (following 

Goetz et al., and others) 
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Results: Effects of Red Band Bias 
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Decreasing or 
“Browning” Trends 

Increasing or 
“Greening” Trends 

Trends are shown for a 
sample of undisturbed 
forest pixels. 

Nearly 25% 
increase in NDVI 
over 30 years.  
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Results: Disturbance 
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Disturbance prior 
to or during first  
5 years of time 
series. 

Disturbance 
during last 12 
years of time 
series. 

Decreasing or 
“Browning” Trends 

Increasing or 
“Greening” Trends 



Part 2: Trends in Growing Season Length 
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Melaas et al., 2013, RSE 



Sample results for Coweeta 
LTER, North Carolina 
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Algorithm Assessment 
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Comparison w/MODIS 
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Mean SOS vs AGDD, EOS vs Latitude 
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Trends in 

EOS, 

Stratified 

by Site and 

Ecoregion 

1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24 26

−
1
.0

−
0

.5
0

.0
0

.5
1
.0

Eastern Temperate Forests

AH MA MWP MWS OA SUP TEP

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37

−
1
.0

−
0

.5
0
.0

0
.5

1
.0

Northern Forests

AH BP HP MWP MWS OA SS TS WC

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

−
1

.0
−

0
.5

0
.0

0
.5

1
.0

Taiga

ABI BC BP TC TP TS

21 



−6 −4 −2 0 2 4 6

1982−2013 Trend in AGDD for DOY 91−150 (GDD/yr)

Spring trends in AGDD 
from NARR 

 

Trends in Spring 
 

Trends in Autumn 
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Questions? 
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