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Abstract

We derived annual time series of vegetation net primary production (NPP) and growing
season dynamics on a grid cell by cell basis across the pan-arctic basin and Alaska using the
MOD17A2/A3 production efficiency model driven by leaf area index (LAI) and fraction of
photosynthetically active radiation (FPAR) inputs from NOAA AVHRR Pathfinder and NASA
EOS MODIS records with gridded daily surface meteorology developed from a regional
correction of NCEP/NCAR reanalysis and NASA Solar Radiation Budget daily shortwave solar
radiation. Early-spring (Feb-Apr) patterns of the Arctic Oscillation (AO) are proportional to
growing season onset (r = -0.653: P = 0.001), while growing season patterns of the Pacific
Decadal Oscillation (PDO) are proportional to the supply of plant-available moisture for NPP (r
= -0.471; P = 0.02). Relatively strong, negative PDO phases from 1988-1991 and 1998-2002
coincided with prolonged regional droughts indicated by a standardized moisture stress index.
These severe droughts resulted in widespread NPP reductions, especially for relatively
drought prone boreal ecosystems. The results indicate that AO and PDO influence NPP by
regulating the timing of annual growing season onset and supply of plant-available moisture,
respectively. However, the influences of AO and PDO patterns on northern vegetation
productivity appear to be decreasing and increasing, respectively, as low temperature
constraints to plant growth relax and NPP becomes increasingly limited by available water
supply under a warming climate.
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Vapor Pressure Deficit (VPD) constraints to NPP [l The spatial distributions of major biomes
and average (1983-2005) growing season (65, Apr.-Oct.) moisture stress indicates that boreal
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The pan-Arctic regional average Tier was negatively correlated with AOs;. (r=-0.653;
P=0.001). Positive AOs; phases (red) coincide with generally earlier growing season onset,
while negative AOspr phases (blue) are concurrent with later growing season onset. The
relatively strong correlation (r=0.78; P<0.001) between Tcoz and Tiee indicates that northern
ecosystems dominate the seasonal atmospheric COz cycle at high northern latitudes. Regional
oscillations captured by the AOs:. influence annual NPP by affecting the timing of growing
season onset.

Conclusions

» The early-spring AO pattern influences NPP by affecting the timing of
growing season onset within the pan-Arctic domain;

> The growing season PDO pattern influences NPP by affecting the supply of
plant-available moisture;

> The spring AQ influence on NPP may decline under current warming frends as
low temperature constraints to plant growth relax and NPP becomes
increasingly constrained by available moisture supply during the growing season:

> Negative PDO phases may have increasingly widespread, negative impacts on
northern sequestration of atmospheric CO2, as plant-available moisture
becomes more limiting to NPP under a warming climate.
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The growing season PDO index (PDOss)
and GS I relationship is predominantly
negative for Southern, Central and
Northeastern Canada, and Northwestern
and Southern Eurasia indicating a reduced
moisture (VPD) constraint to NPP under
positive PDOss conditions, but a larger
constraint for most of Alaska.

SInpe_Loss is the standardized value of the
proportional difference between annual NPP
calculations without (potential) and with
(actual) moisture (VPD) constraints. Negative
(green) and positive (brown) values denote
ess-than-normal and larger-than-normal NPP
osses, respectively. The PDOss index was
correlated to regional standardized 6S In
(r=-0.471; P=0.02) and SIwpp_Less (r=-0.485;
P=0.02), indicating that North Pacific SST
patterns during the growing season impact
atmospheric moisture inputs to the pan-
Arctic land mass, especially for boreal forest
and grassland/cropland  biomes.  Positive
PDOgss phases correspond to wetter-than-
normal conditions, while negative PDOgs
phases are concurrent with drier-than-normal
conditions for the region.

Recent Trends in Oscillation Effects on Pan-Arctic NPP
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Time series proportional areas (%) of the pan-Arctic showing significant correlations
between annual NPP and AOs,. using a nine-year moving correlation analysis shows a

negative trend (-143% yr''; P=0.176) from 1983 to 2005, indicating that the AOsy
influenced timing of growing season onset becomes less important to annual NPP as low-
temperature constraints to photosynthesis relax under an observed (0.5°C per decade;
P=0.002 ) positive trend in GS air temperature for the period of record. Coincidently, the
proportional area of drought prone regions showing significant correlations between
PDOss and annual NPP increases by 1.75% per year (P=0.10), indicating that the PDOss
influenced supply of plant-available moisture is an increasing constraint on NPP with
regional warming. However, the significance of these trends is limited by the relatively

forest and grassland/cropland biomes experience more drought stress than tundra. The most
moisture-limited areas of the pan-Arctic domain occur in inland areas with relatively low
precipitation and greater evaporative loss.
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