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Increased WUE in response to CO2 concentration



Decreased WUE in response to CO2 concentration



Inconsistent and inconclusive



• How are the long-term trends in multiple ecosystem

resource use effiencies (RUEs)?

• What are the key controlling factors on RUEs over a

long-term period?

Knowledge gaps



Site  location (Old black spruce)

Site name OBS
Year established 1999
Elevation (m) 629
Location 53.9 °N, 105.1 °W
MAT(°C) 1
MAP(mm) 480

Material & Methods

Canopy Height (m)                16

Leaf area index                       4.2

Depth of organic (cm)            20-30

Soil carbon (kg C m-2)           39.2

Stand density (stems ha-1)      5900



Results

Environmental conditions

P: Precipitation
WTD: water table depth
D: vapor press deficit 
Ta: air temperature
Ts: soil temperature
APAR: absorbed PAR

• Long-dry period in 
2001-2003

• Cold Ta in 2002 and 
2004

• CO2 concentration 
increasing with a 
slope of 0.5%



Annual of spring Ta and growing season P during the study years 1999–2017.

• Plentiful P and low spring Ta in 2004
• Below average P in 2001-2003



Interannual variation of annual C and water
fluxes. The dashed lines denote interannual trends.

• Re and GEP showed
an increasing trend.

• Re had a greater
increasing rate than
GEP, causing NEP
decrease significantly.

• E had no clear trend.



Interannual variation of annual C water fluxes.
The dashed lines denote interannual trends.

• Three methods-based
Rh and Ra showed
similar trends and
variability.

• Three methods-based
NPP were relatively
constant over the
long-term period.



Interannual variation in annual RUEs.

• CUE showed a
decreasing
trend

• WUE and LUE
showed an
increasing
trend.



Relationships between the annual GEP and important climate variables.

• CO2 was the
most important
factor in
explaining
annual GEP.

• Physiological
factor (i.e.
GEP_max)
explained more
than the
phenological
index (i.e.
GSL,GS_onset).



Fig. 10 Relationships between detrended GEP and important climate variables.

When including
the cold years,
spring Ta was the
most important
factor in
explaining
detrended annual
GEP



Fig.12 Relationships between important climatic factors and detrended RUEs

Air temperature was a
most important factor
explaining annual
detrended RUEs



Normalized annual RUEs (RUE−RUE
σRUE

) during the study years 1999–2017;
dashed lines and solid lines are the linearly fitted and the 95% confidence
interval, respectively.

• Normalized CUE and
LUE were negatively
correlated,

• Normalized WUE and
LUE were positively
correlated.



Summary

• Annual GEP showed an increasing trend that was associated
with CO2. Inter-annual variation in annual GEP was positively
related to spring Ta.

• Long-term trends in CUE, LUE and WUE, most likely caused
by the ‘CO2 fertilization effect’. The inter-annual variability in
the RUEs was most strongly related to air temperature.

• Annual LUE and WUE were positively correlated, while
annual LUE and CUE were negatively correlated, and annual
WUE showed no detectable relationships with CUE.
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