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It is important to understand the effects of extreme weather events and climate oscillations on forested ecosystems to enable 
quantification of their sensitivity to these events. This study highlights the response of a young planation forest to low frequency 
climate oscillations. Half hourly fluxes of net ecosystem productivity (NEP) in a twelve-year-old white pine plantation were 
used to evaluate the impacts of El Niño Southern Oscillation (ENSO) and North Atlantic Oscillation (NAO) events from 2008 to 
2013. In general, spring NEP values were higher than those of summer. The highest NEP values were recorded in spring 2012 
at 1.8 g C m-2 day-1 when the winter of 2012 experienced a moderate La Niña episode and a strong positive NAO phase at the 
same time. The effect of ENSO on NEP was most pronounced during springs following winters with warm ENSO phases. How-
ever, in winter 2010 the effects of a moderate El Niño event were offset by a concurrent strong negative phase of NAO. Warm 
winter temperatures brought by positive NAO, and wet conditions by both La Niña and positive NAO contributed to high NEP 
spring values. 
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Introduction

Key Messages

• Seasonal trends of GEP, NEP, RE, and PAR are recorded in a pine plantation in southern Ontario.
• ENSO and NAO teleconnections impact the NEP of a young white pine plantation forest. 
• Climate variability affects the growth of white pine plantation (Pinus strobus) in southern Ontario.

Forest ecosystems act as carbon sinks and have the potential 
to offset anthropogenic emissions (Houghton et al. 2015). The 
correlations between weather changes at one location and some 
remote locations are called teleconnections. Defining the ef-
fects of low frequency climate oscillations, or teleconnections, 
on the productivity of forests is fundamental in understanding 
how the terrestrial ecosystem may respond to climate change 
(Morgenstern et al. 2004; Hember and Lafleur 2008; Wharton 

and Falk 2016). A consequence of increasing seasonal tempera-
tures is generally a longer growing season and greater carbon 
uptake. However, Krishnan et al. (2009) showed that climate 
change factors can alter productivity (carbon uptake) and can 
control carbon release (respiration) from forests. Climate oscil-
lations are known to influence seasonal and annual conditions 
(temperature and precipitation), which can ultimately impact 
productivity, either negatively or positively, and determine if a 
forest serves as a carbon sink or source.

The carbon balance of a forest is explained by net ecosys-
tem productivity (NEP), which is the difference between gross 
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ecosystem productivity (GEP) and ecosystem respiration (RE). 
Each of these variables is sensitive to changes in solar irradi-
ance, temperature, and water availability (Krishnan et al. 2009). 
Photosynthetically active radiation (PAR) defines the spectral 
range of solar radiation from 0.4 to 0.7 µm that photosynthetic 
organisms are able to use in the process of photosynthesis. When 
photosynthesis is greater than RE in an ecosystem, NEP will 
be positive. During the winter months in southeastern Canada, 
NEP is negative due to an absence of photosynthetic activity, 
since the trees are dormant under extreme cold temperatures and 
the presence of snow reflects a large portion of the incoming 
solar radiation back to space. Zarter et al. (2006a) showed that in 
some species of subalpine conifers in forest 15 km north of Ned-
erland, Colorado, complete down-regulation of photosynthesis 
occurred during winter, and reactivation occurred during spring. 
Photosynthesis recovery is strongly correlated with air tempera-
ture as late spring conditions, sustained warm air temperature 
(above 0˚C), and a readily available water supply are favourable 
for photosynthesis in coniferous forest ecosystems (Ensminger 
et al. 2004; Zarter et al. 2016a, 2016b).

This study examined the effect of two major teleconnec-
tions—El Niño Southern Oscillation (ENSO) and North Atlantic 
Oscillation (NAO)—on the NEP of a pine plantation forest in 
southern Ontario. ENSO and NAO are important atmospheric 
phenomena that introduce anomalies in atmospheric circula-
tion and thereby influence temperature and precipitation of the 
midlatitude North American region in particular during winter 
and spring seasons (Hember and Lafleur 2008). An ENSO event 
shows a relatively stronger effect during winter. ENSO has three 
phases: El Niño (warm phase), La Niña (cool phase), and La 
Nada (neutral). El Niño induces warmer winter temperatures 
and drier conditions, while La Niña brings colder winter temper-
atures and wetter conditions in southeastern Canada (Shabbar 
and Bonsal 2004). During the La Nada (neutral) ENSO phase, 
the sign of the NAO exerts more influence.

A forest ecosystem can change from a net carbon sink to 
a net source in response to ENSO. Morgenstern et al. (2004) 
found that high air temperatures in the 1998 El Niño year led to 
lowest NEP annual values, and high NEP values were achieved 
in La Niña years for (1998 to 2001) at their Douglas-fir forest 
site in British Columbia, Canada. Wharton and Falk (2016) also 
reported that the forest acts as a moderate net carbon sink during 
La Niña years and a small carbon source during El Niño years 
at an old-growth evergreen needleleaf forest located in southern 
Washington State, USA.

Variability in NEP has been attributed to El Niño/La Niña 
events, which can cause regions of drought or abundant precipi-
tation (Keeling et al. 1995; Morgenstern et al. 2004; Krishnan et 
al. 2009; Wharton and Falk 2016), and changes in the timing and 
length of the growing season (Randerson et al. 1997). Warmer 
temperatures promote high rates of RE and therefore decrease 
NEP when soil moisture is ample. But if climate warming is 
associated with drying, one can expect reduced assimilation 
and lower rates of soil/root respiration in temperate ecosystems 
(Baldocchi et al. 2000).

The NAO is an oscillation of atmospheric pressure at sea 
level between the Icelandic Low and the Bermuda (Azores) 
High, and the surface westerly winds between them, mainly 
in winter (Hurrell and van Loon 1997). In the positive phase 
of NAO, the intense Icelandic low-pressure system keeps the 
cold air north, whilst in the negative phase of NAO the weak 
Icelandic low-pressure system forces the cold air south to more 
southerly latitudes. Over southeastern Canada a positive (warm) 
phase of NAO produces a wet and mild winter, whereas a nega-
tive (cold) phase creates a dry and cold winter (Hurrell and van 
Loon 1997; Bonsal et al. 2001; Visbeck et al. 2001). Previous 
studies have shown links between ENSO and NAO (Rogers 
1984; Huang et al. 1998). Both teleconnections can affect tem-
perature and precipitation depending on the region. Bonsal et 
al. (2001) found that over eastern regions of Canada, the simul-
taneous occurrence of El Niño (La Niña) events with positive 
(negative) NAO phases affect temperature by generally making 
it warmer (colder).

The main goal of this paper is to report the six-year (2008 
to 2013) seasonal trend of NEP in a 12-year-old pine plantation 
in southern Ontario. The primary objective is to investigate and 
describe the relationship between NEP, GEP, RE, and PAR. The 
secondary objective is to describe the relationship between sea-
sonal NEP and atmospheric teleconnections, ENSO and NAO.

Methods

Site description
The study site, Turkey Point Flux Station youngest pine forest 
(known as TP02 or CA-TP1 in global Fluxnet), was planted in 
2002. It is located at an elevation of 265 m above sea level close 
to the town of Turkey Point on the northwestern side of Lake 
Erie in southern Ontario, Canada (42°40’N, 80°34’W). The site 
was formerly sandy agricultural land (98% sandy soils), which 
was abandoned a few years prior to the planting of eastern white 
pine (Pinus strobus L.) seedlings. White pine is an important 
species in North America due to its sensitivity to seasonal and 
annual climatic variability which enables the species to adapt to 
dry environments, and allows it to grow on nutrient poor, dry 
sandy soils. Due to its long life span of 350 to 400 years, and 
its potential height of 45 to 60 m, it is a preferred afforestation 
species in eastern North America. The location of the TP02 site 
is unique in that it is in the transition zone between the cooler 
northern boreal zone and the broadleaf deciduous temperate 
zone. This characteristic makes it an ideal area to observe and 
quantify sensitivity to climate variability. The climate of the re-
gion is temperate having a 30-year mean annual temperature of 
8.0°C and mean annual precipitation of 1,036 mm. This region 
has one of the longest growing seasons in Canada with at least 
150 to 160 frost free days (Arain and Restrepo-Coupe 2005).

Flux and meteorological measurements
Half-hourly fluxes of carbon, water, and energy were measured 
using a closed-path eddy covariance (EC) system comprising a 
CSAT3 sonic anemometer produced by Campbell Scientific Inc. 
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of Edmonton, Alberta, and an IRGA model LI-7500 infrared gas 
analyzer produced by LI-COR Inc. of Lincoln, Nebraska (Peichl 
et al. 2010). Downwelling PAR represents photosynthetic pho-
ton flux density (PPFD) hitting a surface per unit area per unit 
time. It was measured with LI-COR LI190 quantum sensors. 
NEP, that is net ecosystem CO2 exchange (NEE), was calculated 
as the sum of the CO2 flux and the CO2 storage from the air 
column below the EC sensors. Ecosystem respiration (RE) was 
calculated for each half-hour from exponential regressions be-
tween nocturnal NEE at high friction velocity and soil tempera-
ture at 2 cm depth. GEP was obtained by adding NEP to RE dur-
ing the growing season. Both GEP and RE were given positive 
signs and NEP was positive for carbon sinks. Flux measurement 
height was increased from 3 to 4 m on top of a triangular tower 
as the trees grew taller. All flux and meteorological data were 
quality controlled and averaged at half-hourly intervals. Further 
details of the closed-path EC system, data quality control proto-
cols, gap-filling, and meteorological and soil measurements are 
described in Arain and Restrepo-Coupe (2005).

Half-hourly values of GEP, NEP, and RE in mol CO2 m-2 s-1, 
and downwelling PAR in mol photons m-2 s-1 were used from 
2008 to 2013. GEP, NEP, and RE values were then converted to 
g C (carbon) m-2 day-1 whilst PAR was estimated in MJ m-2 day-1. 
The half-hourly GEP, NEP, RE, and PAR values were then aver-
aged to get daily means.

Monthly recordings were categorized into four seasons: 
winter (W) comprising January, February, and December of the 
previous year (DJF); spring (Sp) comprising March, April, and 
May (MAM); summer (S) comprising June, July, and August 
(JJA); and fall (F) comprising September, October, and Novem-
ber (SON). Seasonal averages for GEP, NEP, RE, and PAR were 
calculated from daily means. Annual totals of GEP, NE, and RE 
were calculated by adding the daily NEP averages for each year. 
The average annual temperature for the study period was 8.9°C. 
Seasonal average temperatures ranged from a low of −2.8°C for 
winter through 8.1°C for spring and 10.3°C for fall, to a high of 
20.2°C for summer.

ENSO and NAO data
ENSO is characterized by the ocean-atmospheric interaction in 
the equatorial Pacific and overlying atmosphere. The Southern 
Oscillation Index (SOI) defines the atmospheric anomaly and is 
generated by the pressure differences between Tahiti and Dar-
win, Australia. El Niño events are represented by large negative 
values of SOI, while La Niña events are represented by large 
positive SOI values (Diaz et al. 2001). SOI data were taken from 
the Climate Research Unit (2019).

NAO is one of the major modes of variability of the North-
ern Hemisphere atmosphere. It is particularly important due to 
its influence on winter weather conditions in the Northern Hemi-
sphere. Positive (negative) phases are represented by positive 
(negative) values. NAO indices were obtained from NOAA’s 
Climate Prediction Center (2019).

Average seasonal indices of SOI and NAO were calculated 
for winter (DJF), spring (MAM), summer (JJA), and fall (SON). 
These values were then compared with the NEP seasonal aver-

ages for 2008 to 2013 by applying Pearson’s product-moment 
correlation. Values of p less than 0.05 were considered signifi-
cant.

Results and discussion

Seasonal variation in GEP, NEP, RE, and PAR
Mean seasonal values of GEP, NEP, RE, and PAR from 2008 
to 2013 are shown in Figure 1. PAR, GEP, and RE followed a 
similar pattern in all seasons throughout the years. Maximum 
values of GEP, RE, and PAR were observed during summers 
and minimum values during winters. The highest GEP and RE 
occurred in summer 2013 at 9.08 and 7.79 g C m-2 day-1 respec-
tively, when PAR was 7.05 MJ m-2 day-1.

Pearson’s coefficient of determination, R2, between daily 
values of GEP (g C m-2 day-1) and PAR (MJ m-2 day-1) for all 
years was 0.673 (p<0.001), indicating a positive relationship at 
the 0.001 significance level. When the daily annual data were 
analyzed separately for individual years, R2 ranged from 0.633 
in 2009 to 0.707 in 2008 with statistically significant correla-
tions with p-values < 0.001 in all years. Overall, little change 
was observed in PAR values between years over the 2008 to 
2012 period, followed by a large decrease of roughly 2.1 MJ m-2 

day-1 in 2013 due to cool and cloudy conditions in a spring and 
summer La Niña event (Thorne and Arain 2015). NEP showed a 
different pattern than GEP, RE, and PAR with maximum values 
during springs and minimum values during winters. This shows 
that RE increased during summers due to warmer temperatures 
causing a decrease in NEP values (i.e., NEP = GEP − RE).

NEP reached its highest peak during the spring of 2012 (Fig-
ure 1) at 1.8 g C m-2 day-1 when the PAR value was 8.7 MJ 
m-2 day-1. The opposite trend was seen for PAR when summer 
values were considerably greater than spring PAR. The differ-
ence in PAR between the lowest value in spring and the highest 
value in summer was almost 6 MJ m-2 day-1. Xing et al. (2007) 
observed that productivity increased with PAR up to 11 MJ m-2 

day-1, then gradually decreased with further increases in PAR. 
This shows that intense PAR during the summer may create an 
environment that reduces the effectiveness of the forest as a car-
bon sink, therefore extreme warm temperatures above average 
can increase the rate of respiration compared to photosynthesis 
(Grant et al. 2006; Xie et al. 2014).

Figure 1 also shows that NEP for winter seasons was not no-
tably different among the years and remained relatively constant 
ranging from −0.6 to −0.8 g C m-2 day-1 whereas winter PAR 
fluctuated between 1.8 to 3 MJ m-2 day-1. NEP was most negative 
during the winter of 2013 (−0.8 g C m-2 day-1). This suggests that 
cooler than average temperatures and the large decrease in PAR 
contributed to the decrease in photosynthesis and hence NEP. 
Fall NEP was higher (0.1 to 0.7 g C m-2 day-1) than winter NEP 
in each year. This finding can be attributed to low evapotranspi-
ration, higher soil moisture, and cool air temperature leading to 
reduced evaporation.

Öquist and Huner (2003) noted that overwintering ever-
greens vary from high photosynthetic capacity and efficiency 
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Figure 1 
Annual totals of GEP, NEP, RE, and PAR at the Turkey Point white pine plantation, 2008 to 2013

Figure 2 
Seasonal variation in GEP/PAR ratio at the Turkey Point white pine plantation, 2008 to 2013
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Table 1 
Annual totals of GEP, NEP, RE and GEP/RE ratio at the Turkey Point 
white pine plantation, 2008 to 2013

during the summer to low capacity and efficiency in the winter 
due to freezing temperatures which inhibit photosynthesis. Co-
niferous forests have negative values of NEP during the winter; 
however, the trees continue to absorb light energy which is not 
being used for photosynthesis processes (Zarter et al. 2006a). It 
is assumed that coniferous pine plantation forests in southern 
Ontario during winter require warmer temperatures for photo-
synthesis and have down-regulated photosynthetic capacity due 
to the decrease in air and soil temperatures. Moisture availability 
during the winter is sparse as precipitation falls as snow and soil 
remains frozen, therefore creating a drought-like environment 
for vegetation.

The GEP/PAR ratio provides a useful indicator in studies 
of interannual variability and drought (Valentini et al. 2000; 
Moreno et al. 2012). The ratio of GEP/PAR = ε faPAR indi-
cates the fraction of assimilated carbon consumed by vegetation 
(ε) and the fraction of photosynthetic active radiation absorbed 
by vegetation (faPAR) (Goerner et al. 2009, 2011; Moreno et 
al. 2012). Figure 2 shows that the trend of the GEP/PAR ratio 
is upwards, and that GEP increases by approximately 0.8 g C 
MJ-1 during the six-year study period. Drought is also shown 
as a slight decline in the summers of 2011 and 2012 (Figure 2). 
This is because GEP decreases in response to drought situations 
(Barr et al. 2002; Asner et al. 2004; Wen et al. 2010). Similar 
results were found in a Mediterranean forest by Moreno et al. 
(2012) where during dry summers the high water stress factor 
reduced the GEP/PAR ratio. In the current study, the GEP/PAR 
ratio averaged 0.68 for the six years during the growing season 
and dropped below 0.1 during winter periods (Figure 2). The ra-
tio also showed a large increase during 2010 due to El Niño, and 
a sharp increase in the summer of 2013. This can be attributed to 
the growth of the plantation, and the increase in canopy cover-
age facilitating more productivity.

The ratio of NEP/GEP follows the same pattern as NEP/
PAR (Figure 3). These ratios are important in showing the effect 
of RE and PAR on NEP. For all years both ratios were highest 
in spring followed by fall, except in 2013, which showed them 
higher in summer than in fall. This could be attributed to the 
cooler summer of 2013 by an average of 1°C due to a weak La 
Niña, and therefore lower respiration (Thorne and Arain 2015). 
The ratios of NEP/GEP and NEP/PAR were also positive for 
all seasons except the winter. Since there is no photosynthesis 
occurring during the winter, the pine plantation forest is a car-
bon source rather than a carbon sink (Amiro et al. 2006). The 
average spring and summer NEP/GEP ratios over the course of 
the six years were 0.37 and 0.1 respectively, which indicates the 
negative effect of RE on summer NEP values. Similarly, higher 
PAR values in the summer had a negative effect on summer NEP 
values.

Linear regression analysis was performed to examine the ef-
fect of spring and summer mean air temperatures on seasonal 
values of GEP and NEP (Figure 4). It shows that mean spring 
temperature explained 54% of the variation in GEP and 35% 
of the variation in NEP across the site during the six years. An 
increase in spring temperature had a positive effect on GEP and 
NEP. However, the correlation was stronger for GEP (r = 0.74, 

p-value = 0.04) than NEP (r = 0.59, p-value = 0.22). The influ-
ence of summer temperature on GEP and NEP was not signifi-
cant and the correlation coefficient was slightly positive for GEP 
(r = 0.27, p-value = 0.62) and slightly negative for NEP (r = 
−0.2, p-value = 0.72). Similar results were reported by Krish-
nan et al. (2009), which showed a strong positive correlation be-
tween spring temperature and annual values of GEP and RE but 
their correlation with NEP was not significant. NEP also showed 
a negative relationship with summer and fall temperatures at a 
young forest sites similar in age to the Turkey Point site; RE 
increased with increasing temperature leading to a sharp plunge 
in NEP (Krishnan et al. 2009).

Table 1 shows the annual values of GEP, NEP, RE, and the 
GEP/RE ratio for the study period. The ratio of GEP/RE, which 
describes ecosystem carbon balances, was 1.15 on average. This 
ratio is similar to values reported by Falge et al. (2001) for tem-
perate coniferous forest and to Law et al. (2002) for temperate 
and boreal coniferous forests. When GEP exceeds RE (ratio > 
1), it means the system is storing carbon, and is usually found in 
young growing plantation. When the ratio equals one, the sys-
tem is in carbon balance (i.e., GEP = RE and NEP = 0). Usually, 
the ratio is between 1 and 2 during the growing season and be-
low 1 during the winter period (Falge et al. 2001).

Effect of ENSO and NAO on NEP
ENSO and NAO episodes occur regularly, and can affect the 
climate in southeastern Canada. During the period of 2008 to 
2013, ENSO occurred in most years. There were four La Niña 
periods (2007–2008, 2008–2009, 2010–2011, and 2011–2012), 
one El Niño (2009–2010), and one La Nada (2012–2013). NAO 
mean winter values were strongly positive in 2007–2008 and 
2011–2012, and strongly negative in the winters of 2009–2010 
and 2010–2011 (Climate Prediction Center 2019).

The effect of ENSO and NAO events on seasonal NEP val-
ues is shown in Figure 5. NEP values were positive in all seasons 
except winter. The highest value was recorded in spring 2012 
(La Niña), followed by spring 2013 (La Nada), and then spring 
2010 (El Niño). Winter 2010 was a moderate El Niño event 
with a strong negative phase of NAO (Figure 5). Any potential 
increase in NEP values from warm El Niño temperatures may 
have been offset by the strong negative phase of NAO. Osborn 
(2011) noted that the winter of 2009–2010 had the most nega-



Jacqueline Binyamin and Hailey C. Robichaud

ISSN 1911-581421Prairie Perspectives: Geographical Essays 2019, 21: 16–25

Net ecosystem productivity response to ENSO and NAO

Figure 3 
Seasonal variation in NEP/GEP and NEP/PAR ratios at the Turkey Point white pine plantation, 2008 to 2013

Figure 4 
Seasonal GEP and NEP as a function of spring (TSp) and summer (TS) mean air temperature at the Turkey Point 
white pine plantation, 2008 to 2013
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tive NAO index measured during almost the entire 190-year 
data record. In contrast, winter 2012 experienced a moderate 
La Niña episode and a strong positive NAO phase at the same 
time, which contributed to the highest NEP values occurring in 
the subsequent spring of 2012. Thorne and Arain (2015) also 
observed that the warm winter of 2012 enhanced carbon uptake, 
extended the growing season, and produced more rainfall than 
snowfall.

The annual NEP values for the study site varied between 
99.78 and 211.94 g C m-2 year-1 (Table 1). The highest NEP oc-
curred in 2011, even though GEP was lower than in 2013 by 6% 
(Table 1). The year 2011 was a strong La Niña year and NAO 
values were strongly positive in the spring and fall (Figure 5). 
The lowest NEP annual values were observed in 2009 (Table 1), 
which was a weak La Niña year and NAO values were weak-
ly positive in the spring and fall. Following the 2009–2010 El 
Niño event, above average temperatures led to high annual RE 
(1,241.03) in 2010 and subsequently to the second lowest annual 
NEP (172.91 g C m-2 year-1) during the six years (Table 1). In the 
2008 and 2012 cool and cloudy La Niña years, NEP was compa-
rable to that of the 2013 La Nada year (Table 1).

Morgenstern et al. (2004) and Wharton and Falk (2016) 
also reported that an increase in winter and spring temperatures 
followed by a dry summer during El Niño may increase NEP 
during spring and reduce it in summer due to high RE values, 
therefore reducing NEP values for the whole year. Wetter condi-
tions in winter followed by cool and cloudy conditions in spring 
and summer during La Niña can enhance NEP, and decrease RE 
(Morgenstern et al. 2004). Similarly, a positive NAO can lead to 
increase NEP and a negative NAO would favour RE (Hember 

and Lafleur 2008). During drought-like conditions, such as dur-
ing a La Niña and a negative NAO winter, moisture availability 
at the study site is low as it is bound by freezing. Non-drought 
events can be represented by El Niño and positive NAO, where 
warmer temperatures assume that precipitation will fall as rain, 
supplying moisture to surviving plants.

Black et al. (2000) reported that the productivity of a boreal 
deciduous forest in Saskatchewan during 1994, a moderate El 
Niño year, was more than double that during 1996, a moderate 
La Niña year. During the winter and early spring, NEP values 
were negative. The highest NEP values of the four years stud-
ied by Black et al. (2000) were in 1998, which was recorded as 
a strong El Niño year. While Black et al. (2000) showed that 
productivity levels were higher during warm and dry El Niño 
years compared to cold and wet La Niña years, the current study 
shows that temperatures that are too high (i.e., hot summer tem-
peratures) can negatively impact ecosystem productivity, pre-
sumably because of increased drought-like conditions.

Due to increase in winter precipitation, spring usually expe-
riences an abundance of water for productivity and tree growth. 
Krishnan et al. (2009) showed that in Douglas-fir stands on the 
east coast of Vancouver Island, British Columbia, NEP peaked 
during April to June, however, during the latter part of the grow-
ing season (July to August) RE increased greatly with increasing 
temperatures offsetting NEP. Figure 5 reports peak NEP values 
occur during spring, and decrease during summer and fall. It 
can be assumed that because the peak in NEP follows the peak 
in temperature, and since peak NEP has shifted from summer 
months to early spring (Figure 5), the emergence of seasons, 

Figure 5 
Effect of El Niño Southern Oscillation (ENSO) and North Atlantic Oscillation (NAO) on seasonal NEP at the Turkey Point 
white pine plantation, 2008 to 2013
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particularly the growing season, is occurring earlier than in sev-
eral earlier decades, and may be attributed to climate changes.

In other cases, such as Grant et al. (2012), rainy and dry 
seasons were modeled to predict how they will affect NEP with 
climate change. NEP was affected by the intensity and duration 
of carbon uptake during both rainy and dry periods. In rainy pe-
riods, temperature increased, and in effect NEP increased. These 
temperature increases can be attributed to El Niño events. As 
temperatures increase during El Niño, more rain is seen dur-
ing winter and spring months. During the 2010 El Niño year, 
NEP values were less negative during the winter months and 
increased to maximum values during the following spring (Fig-
ure 5).

As photosynthesis relies heavily on moderate temperatures 
and the presence of needles for the exchange of carbon, it can be 
assumed that the increase in atmospheric temperature by tele-
connections influences the increase of productivity in the forest 
site. Most vegetation cannot survive during cold Canadian win-
ters; hence no productivity is observed. During La Niña, where 
dormant seasons begin earlier and active seasons arrive later, it 
can be expected that NEP will be at its lowest due to the substan-
tial decrease in the length of active seasons.

In relation to natural forests where carbon is stored mostly in 
the soil, it can be assumed that the positive values of NEP during 
spring, summer, and fall offset the negative values of NEP dur-
ing winter, and on an annual basis make the Turkey Point TP02 
site more of a carbon sink than a source.

Summary and conclusion

This study evaluated the seasonal trends of GEP, NEP, RE, and 
PAR and their relationship with two teleconnections, ENSO and 
NAO, in a 12-year-old white pine plantation site in southern On-
tario from 2008 to 2013.

Findings indicate that maximum values of GEP, RE, and 
PAR were observed in the summer. The highest GEP and RE 
occurred in the summer of 2013 at 9.08 and 7.79 g C m-2 day-1, 
respectively, when PAR was 7.05 MJ m-2 day-1. Summer NEP 
values were considerably less than spring NEP values, which is 
attributed to the higher intensity of PAR and lower soil moisture 
availability. The highest NEP values were recorded in spring 
2012 at 1.8 g C m-2 day-1 when PAR was 8.7 MJ m-2 day-1.

The GEP/PAR ratio was highest in summer except in 2011 
and 2012, when GEP decreased in response to drought. Ratios of 
NEP/GEP and NEP/PAR followed each other and showed high-
est values in spring in all years. Intense PAR and a low NEP/
PAR ratio during the summer indicated an environment where 
the effectiveness of a forest to sequester carbon was reduced. 
The ratio of annual GEP/RE, which describes ecosystem carbon 
balances, was 1.15 on average. When GEP exceeded RE (ratio > 
1), it meant the system was storing carbon, as is usually found in 
a young growing plantation.

An increase in spring temperature had a positive effect on 
seasonal values of GEP and NEP, where the correlation was 
stronger for GEP (r = 0.74, p-value = 0.04) than for NEP (r = 

0.59, p-value = 0.22). However, the influence of high summer 
temperature on GEP and NEP was not significant and the corre-
lation coefficient was slightly positive for GEP (r = 0.27, p-value 
= 0.62) and slightly negative for NEP (r = −0.2, p-value = 0.72).

The simultaneous occurrence of La Niña events with posi-
tive NAO phases had a positive impact on NEP. Winter 2012 ex-
perienced both a moderate La Niña and a strong positive NAO, 
which contributed to highest spring NEP values. However, an-
nual NEP values were highest in 2011 (211.94 g C m-2 year-1) 
and lowest in 2009 (99.78 g C m-2 year-1). The year 2011 was 
a strong La Niña year and NAO values were strongly positive 
in the spring and fall. In contrast, 2009 experienced a weak La 
Niña year with weak positive NAO values in the spring and fall. 
The high temperatures in the 2009–2010 moderate El Niño year 
led to high RE of 1,241.03 and low NEP of 172.9 g C m-2 year-1 
in 2010. The El Niño effects were offset by a concurrent strong 
negative phase of NAO. For La Niña and La Nada years, RE 
was reduced and NEP was increased due to lower temperatures.

The warm phases of ENSO and NAO have a positive impact 
on forest productivity. The emergence of warmer temperatures 
during spring and the development of needles occur earlier with 
increasing strength of teleconnections. The peak of NEP from 
winter to spring is correlated with the growth of vegetation, in-
creased photosynthesis, and melting of the snowpack.

Future research should include further examination of Eddy 
Covariance flux measurements of energy, water vapour, and 
carbon dioxide using MODIS (Moderate Resolution Imaging 
Spectroradiometer) products of different spectral indices that are 
useful under water stress conditions. Long-term flux measure-
ments, in combination with ecosystem productivity models and 
high resolution remote sensing data from MODIS, will provide 
accurate estimates of net carbon sequestration by plantation for-
ests that will help Canadian policy makers in planning realistic 
strategies to offset fossil fuel CO2 emissions.
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