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record, and the stable winter condition of near‐zero NEE ended 
much earlier at both sites. In 2016, net C uptake at the grassland 
began 2 days before the early snow melt in February. In contrast, 
the forest experienced large C losses during the same period, with 
pulses of ecosystem respiration coinciding with periods of warm 
soil and air temperatures occurring before leaf‐out and conse‐
quently there was a long lag (over 90  days) between snow melt 
and the time at which the forest eventually became a consistent 
C sink. Although air temperatures in winter 2017 were above av‐
erage (Figure 2), snow melt timing differed by only 4–8 days from 
the cooler winters of 2014 and 2015, but was nearly 5 weeks later 
(DOY 86 at the grassland and DOY 87 at the forest) than in the 
record warm winter of 2016. Vernal transitions of snow, soil, and 
air temperatures, and NEE were near simultaneous in 2017, similar 
to the cold snowy winters of 2014 at the grassland and 2015 at 
the forest (Figure 3).

We used the start of daytime net C uptake as a proxy for the ini‐
tiation of gross primary production, or C assimilation, defined as the 
date when sustained negative NEE during the daytime (defined by 
incoming radiation >20 W/m2) began. The start of daily net C uptake 
was identified to determine when the ecosystem switched from a C 
source to a net C sink, defined by the date when sustained negative 
daily (including both day and night) averaged NEE began. Using a 
5  day running mean, we determined that both daytime net C up‐
take and daily net C uptake started earlier in spring at the grassland 
than the forest throughout the period of record. Following the warm 
winter of 2016, daytime net C uptake began early relative to the 
other years measured at both sites (Figure 4). At the grassland, day‐
time net C uptake began on February 18, 2016 (DOY 49), a time that 
normally represents the peak period of winter in New Hampshire. 
This was 56 days earlier than in 2014 (DOY 105) and 48 days earlier 
than in 2017 (DOY 97). At the forest, daytime net C uptake began 
on March 14, 2016 (DOY 74), 42 days earlier than in 2015 (DOY 116) 
and 36 days earlier than in 2017 (DOY 110).

In contrast to the onset of net daytime C uptake, the start of the 
net daily C sink period was slower to respond to warm conditions at 
both sites. While the grassland became a net daily C sink much ear‐
lier in 2016 relative to other years, the forest did not. The grassland 
switched from a C source to a C sink on March 14, 2016 (DOY 74), 
34 days earlier than in 2014 (DOY 108) and 31 days earlier than in 
2017 (DOY 105). The forest did not become a net C sink until May 24, 
2016 (DOY 145), which was 11 days later than in 2015 (DOY 134) and 
4 days later than in 2017 (DOY 141). As a result, the lag between the 
start of net daytime C uptake and the day the ecosystem became a net 
C sink was expanded in 2016 at both sites (Figure 4). At the grassland, 
this lag was 3 days in 2014, 8 days in 2017, and 25 days in 2016. The in‐
terval between the start of net daytime C uptake and the beginning of 
the net daily C sink was longer at the forest site, particularly in 2016. It 
was 18 days in 2015, 31 days in 2017, and 71 days in 2016. The decid‐
uous canopy did not develop until after May 1 (DOY 121) in any study 
year, as indicated by the ratio of below to above canopy PAR (Figure 5).

Estimated Q10 values for nighttime NEE during the February–
April winter to spring transition period ranged from 4.35 to 4.47 at 

the grassland and from 3.61 to 4.65 at the forest site. Parameter 
estimates along with their associated uncertainties are presented 
in Table 1. Estimated Q10 was slightly lower at the grassland and 

F I G U R E  4   Mean daytime net ecosystem exchange (NEE) 
plotted as 5 day running mean from February through May at 
the grassland (a–c) in 2014, 2016, and 2017 and forest (d–f) in 
2015, 2016, and 2017. Dashed vertical lines represent the start of 
daytime net carbon uptake and solid vertical lines represent the 
day ecosystem switched to a daily carbon sink with shaded area 
representing the lag time between the start of daytime and daily 
net carbon uptake
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F I G U R E  5   Timing of deciduous forest canopy development 
indicated through the normalized ratio of incoming 
photosynthetically active radiation (PAR) measured below and 
above the forest canopy. The dotted vertical line serves as a visual 
aid to demonstrate that this decline occurred after May 1 in each 
year
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