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•  USCRN:	
  Background	
  
•  USCRN:	
  Soil	
  Probes	
  
•  Research:	
  Phenology/Temperature	
  	
  
•  Research:	
  Soil	
  Moisture/Modeling	
  	
  
•  Future	
  Work	
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•  Sites	
  are	
  Stable	
  and	
  Undisturbed	
  LocaBons	
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•  Calibrated	
  to	
  the	
  standards	
  set	
  by	
  NaBonal	
  InsBtute	
  
of	
  Standards	
  and	
  Technology	
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•  Triplicate	
  ConfiguraBon	
  

•  Redundancy	
  	
  
•  Consistency	
  	
  Grand Teton CRN Station 
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•  AddiBonal	
  Measurements	
  (Wind,	
  RH,	
  Solar,	
  and	
  IR)	
  

Relative Humidity 

Soil Moisture and Temperature 
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•  Workshop	
  on	
  March	
  2009	
  
•  Triplicate	
  configuraBon	
  for	
  Soil	
  Probes	
  
•  5,	
  10,	
  20,	
  50,	
  100cm	
  depths	
  
•  QA/QC	
  needs	
  
•  Soil	
  sampling	
  needs	
  
•  Satellite	
  cal/val	
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•  Crossville,	
  TN	
  
•  April	
  2009	
  
•  ATDD	
  

¡  Oak	
  Ridge	
  
¡  Maintenance	
  
¡  InstallaBon	
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•  Study	
  of	
  biological	
  life	
  cycles	
  in	
  
associaBon	
  with	
  weather	
  and	
  
climate	
  

•  Plant	
  growth	
  closely	
  associated	
  
with	
  temperature	
  
¡  Soil	
  temperature	
  
¡  Cytokinin	
  produced	
  in	
  roots	
  

ú  Cell	
  division	
  	
  

sub-model of the coupled A–gs model but not in the gs sub-
model. Soil temperature had significant effects on three key
parameters of the photosynthesis model: Vcmax and Jmax in all

four species and α in the three conifers. The parameters de-
creased as soil temperature deviated from the optimum. Such
effects can be simulated with the model developed in this
study. Soil temperature did not significantly affect the parame-
ters of the gs sub-model.

The four boreal tree species optimized resource allocation
among the component systems of photosynthesis. Parameter
Vcmax reflects nitrogen investment in Rubisco and Jmax reflects
nitrogen investment in Photosystem II complex and cyto-
chrome ƒ in the photosystem (Hikosaka 1997). Despite large
differences in photosynthetic capacity among trees exposed to
different soil temperatures, Vcmax and Jmax were highly corre-
lated (Figure 3), suggesting that these boreal tree species opti-
mized their resource allocation (particularly nitrogen)
between the biochemical and photochemical machinery of
photosynthesis in response to large differences in soil temper-
ature (5 to 35 °C). Similar phenomena have been reported for
other species and environmental conditions (Thompson et al.
1992, Wullschleger 1993). Thompson et al. (1992) found an
internal consistency between Vcmax and Jmax for four species in
two nutrient and three light regimes. Kingston-Smith et al.
(1999) found a virtually identical relationship between Photo-

824 CAI AND DANG

TREE PHYSIOLOGY VOLUME 22, 2002

Table 4. Coefficients of Equation 12 for maximum rate of carboxylation (Vcmax), light-saturated rate of electron transport (Jmax) and energy con-
version efficiency of incident light (α). Abbreviations: ΔHa = activation energy; ΔS = entropy term; and ΔHd = deactivation energy. For all param-
eters and all species P < 0.05. Soil temperature had no significant effect on α in aspen.

Parameter Species ΔHa ΔS ΔHd R2

Vcmax Aspen 23883 792 240871 0.82
Jack pine 28526 899 273437 0.80
Black spruce 25410 796 242404 0.71
White spruce 23690 889 269756 0.79

Jmax Aspen 20168 821 250926 0.80
Jack pine 16861 840 257233 0.57
Black spruce 26401 765 232804 0.57
White spruce 23719 736 224307 0.68

α Jack pine 20531 563 172688 0.54
Black spruce 14008 641 198005 0.63
White spruce 6946 555 175010 0.30

Figure 2. Relationship between light-saturated rate of electron trans-
port (Jmax) and soil temperature for aspen, jack pine, black spruce and
white spruce. Figure 2e was generated with Equation 12 (see Ta-
bles 2–4 for parameter values). The lines for Equations 10 and 11
overlapped for jack pine.

Figure 3. Relationship between maximum rate of carboxylation
(Vcmax) and light-saturated rate of electron transport (Jmax) for all spe-
cies. Regression: Jmax = 2.15Vcmax + 18.39 (r2 = 0.78).

 by guest on February 1, 2011
treephys.oxfordjournals.org
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•  TradiBonal	
  Method	
  0oC	
  
•  My	
  method	
  5oC	
  

¡  Peak	
  Growing	
  Season	
  (10oC)	
  

•  38	
  StaBons	
  that	
  had	
  a	
  complete	
  record	
  for	
  2010	
  
•  Start	
  and	
  End	
  dates	
  of	
  Growing	
  Season	
  
•  Calculate	
  Length	
  of	
  Growing	
  Season	
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Air Temperature 

20cm Soil Temperature  
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•  Only	
  3	
  years	
  of	
  data	
  

•  No	
  other	
  ecosystem	
  measurements	
  
¡  Photosynthesis,	
  ET,	
  carbon	
  cycle,	
  water	
  balance,	
  etc.	
  	
  

•  How	
  to	
  increase	
  the	
  value	
  of	
  measurements?	
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2010-2011 2001-2009 
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•  ArBficial	
  soil	
  moisture	
  record	
  will	
  improve	
  product	
  
development	
  
¡  Monitor	
  historical	
  change	
  in	
  soil	
  moisture	
  
¡  Drought	
  

•  Climatology	
  of	
  soil	
  
•  Look	
  at	
  changes	
  in	
  ecosystem	
  properBes	
  and	
  future	
  

changes	
  to	
  ecosystem	
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•  Finish	
  the	
  analysis	
  of	
  growing	
  season	
  and	
  soil	
  
temperature	
  

•  Connect	
  model	
  to	
  USCRN	
  
•  SMAP	
  
•  Soil	
  Moisture	
  Variability	
  and	
  Quality	
  Control	
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•  Michael	
  Palecki	
  (NCDC/NOAA)	
  
•  Jessica	
  Mabhews	
  (CICS-­‐NC)	
  
•  Egg	
  Davis	
  (STG/NCDC)	
  
•  Ronald	
  Leeper	
  (CICS-­‐NC)	
  
•  Ensheng	
  Weng	
  (Harvard	
  University)	
  
•  NCDC/NESDIS/NOAA	
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