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1.  Introduction:

2.  Theory and Methods:

4.  Results Continued:

6.  Impact on Health and the 
     Environment:
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5.  What is causing these 
     changes?
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3.  Results:
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0              50            100            150           200
                           Day of Year

d)

-30    -20      -10         0         10       20       30
                        Days per Decade

b)

200   220    240    260    280    300    320   340
	 	    Day of Year

e)

-40          -20              0              20             40
	            Days per Decade

c)

0       50      100    150     200      250      300
	 	         Days

f)

-40          -20              0              20             40
	            Days per Decade

The growing season length is INCREASING 
by ~5 days/decade in North America and is 
SHIFTING ~5 days/decade earlier in Eurasia

a)

Anomalies in freeze and thaw are highly 
correlated to anomalies in surface air 
temperature.  

Goal:  To detect annual dates of
	soil freeze and thaw using 
	microwave satellite data.

Importance:  The timing of soil
	freeze and thaw sets the growing 
	season length for plants and 
	determines when significant 
	decomposition of soil organic 
	matter can occur.  Major 
	implications for global carbon 
	cycle  

Tb (u)  = Brightness Temperature measured 
	 	 by satellite at frequency (u)
Tb (u) = Tsurface * emissivity (u)                    
	 	 emissivity(u) = e(u)

We use the difference between measurements at 
	 	 37 and 19 GHz

DTb (37-19) = Tb (37) - Tb (19) = 
(Ts * e(37)) - (Ts * e(19)) =

 Ts (e(37) - e(19)) = 

Ts * De

The difference De provides the sensitivity to the 
	 freeze-thaw state of a pixel 

If soil is frozen De < 0
If soil is thawed De ª 0  [2]

This leads to a plateau shaped curve, where the 
width of the plateau corresponds to the length 
of time soil is thawed
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Figure 1.  Average 37 GHz (a), 19 
GHz (b) and 37-19GHz (c) signals.  
Smith et al.  in press

Figure 2.  Average date of thaw (a), freeze (b) and growing season length (c) for all latitudes north 
of 45o N.  Trend in thaw (d), freeze (e) and growing season length (f) over the period 1988-2002.  
Smith et al.  in press.

Figure 3.  Biome level trends in thaw, freeze and growing season length for North America and Eurasia.
Smith et al.  in press. 

Figure 4.  1998 anomaly in fall freeze (a) and fall surface air temperature (b).  Air temperature data
from Hansen et al. 2001.  

Smith et al.  in press

-Implications for the global carbon cycle
	Increased CO2 emissions during fall in
		North America.
	May increase plant growth and CO2 
		uptake in Eurasia (Especially Russia)

-Increased melting of permafrost
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