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● Above-canopy daytime winds were strongly influenced by the 
synoptic-scale wind patterns, whereas nighttime winds above and 
below the canopy often followed mountain flows.

● Both the σw metric and u* metric agree that coupling occurs more 
frequently during the day. 

● The σw  coupling metric suggests a secondary coupling peak at night, 
with brief decoupling during sunrise and sunset.

● Differences in forest structure and valley orography between HBEF 
and other researched forests likely explain the differences between 
coupling threshold values. 

  5. Conclusions

● Nighttime above and below- 
canopy winds for all three case 
studies followed westerly 
mountain flows (Fig. 4b, 5b, 
6b), a common pattern across 
both years.

● Daytime above-canopy winds 
were driven by synoptic-scale 
winds for all three case studies 
(Fig. 4, 5, 6), another pattern 
consistent across both years.

● Misaligned daytime winds (Fig. 
5, 6) often corresponded to 
daily temperature inversions 
that formed around sunrise 
(Fig. 5c, 6c). 

Figure 4. (a) Synoptic-scale map on 5 June 2022 
at 08:00 EST. (b) Above- and below-canopy wind 
flow on 5 June 2023. (c) Temperature profile on 
5 June 2022 at 15:00 EST.

Figure 5. As in Fig. 4, (a) except for 12 June 2022 at 
10:00 EST, (b) except for 12 June 2022, (c) except for 
12 June 2022 at 13:00 EST.
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Figure 9. Below-canopy u* vs. mean wind speed, 
after Freundorfer et al. (2019)1, which did not yield a 
clear coupling cut off.

Figure 8. Above-  vs. below-canopy u* split by day 
and nighttime, after Thomas et al. (2013)4. 

● The method used by Jocher et al. (2017) involving above- and below-canopy  σw was 
● When employing the methodology used in Thomas et al. (2013), a lower nighttime 

u* was found, indicating that coupling was more common during the night than the 
day.

● Jocher et al. (2017) and Thomas et al. (2013) did not specify their method of 
choosing thresholds, so thresholds were determined visually.

Figure 6. As in Fig. 4, (a) except for 23 May 2023 at 
10:00 EST, (b) except for 23 May 2023, (c) except for 
23 May 2023 at 15:30 EST.

Figure 7. Above- vs. below-canopy σw , shaded by 
hour of day, after Jocher et al. (2017)2. Arrow 
indicates transition from mostly nighttime to 
daytime at σw below = 0.19 m/s. 

  2. Site Description

Figure 1. Map of the HBEF, NH. Flux tower located 
at pink star. HBEF located at green star.

● The Hubbard Brook Experimental 
Forest (HBEF) in North Woodstock, 
New Hampshire, USA on Abenaki 
land

● 35 km2 or 8,700 acres
● Temperate mixed deciduous and 

conifer forest, with heterogeneous 
canopy

● 20-m high canopy with sparse 
undergrowth

● Mountain flows (Fig. 2) run from 
west to east along the valley axis3. Figure 2. Idealized 

mountain flows.

  1. Motivation
● How forests’ use of water, energy, and carbon dioxide changes in a rapidly 

changing climate has profound implications for the global climate.
● To advance knowledge of how a forest uses these resources, it is critical to 

understand wind patterns above and below the forest canopy.
● Turbulence can create a coupled wind regime that moves resources through 

the canopy, though horizontal flows below canopy can also produce 
significant fluxes of resources.

● Defining regimes of coupled and decoupled winds will help gain a better 
understanding of how resources are circulating and being used in a forest.

● Jocher et al. (2017)2 determined coupled 
regimes in a boreal forest by observing 
where the binned averages of σw below  vs. 
σw above  suddenly changed from 
independent to linear.

● Applying this method to HBEF yielded 
σw below > 0.105 m/s for coupled regimes 
(Fig. 7).

● At σw below = 0.19 m/s, datapoints 
transitioned from nighttime to daytime 
and the slope becomes less steep.

● This transition has not been observed in 
other studies, but may be attributed to 
differing sources of turbulence.

The hockey-stick method used by 
Freundorfer showed a wind speed at 
which the relationship between u* and 
wind speed became positively linear. 
This pattern was not found in the HBEF.

● Thomas et al. (2013)4 split data by day and 
night to account for the differences in 
wind patterns, plotting u*above vs. u*below 
and finding transitions from independent 
to linear.

● In the HBEF, day and nighttime u*below 
cutoffs were found at 0.08 m/s and 0.09 
m/s respectively (Fig. 8).

● The lower daytime u*below indicated that 
less turbulence was required for the air 
masses to be considered coupled.

● Freundorfer et al. (2019)1 plotted u*below 
vs. ūbelow, using a “hockey-stick method” to 
find the transition between independent 
and positively linear.

● This pattern was not found at HBEF (Fig. 
9), likely due to the differences in forest 
structure and valley orography. 
○ Freundorfer et al. (2019)1 observed a 

Douglas-fir forest with a dense 
understory and valley slopes of up to 
40°.

Figure 10. A histogram showing number of 30-min intervals when u* and σw  indicated 
coupling by hour of day.

● Both the σw  metric and u* metric indicate that coupling occurs most 
frequently during the day (Fig. 10).

● The σw  metric indicates significantly more coupling at night than the 
u* metric (Fig. 10).

● The σw  metric suggests brief decoupling during the transition periods 
of sunrise and sunset (Fig. 10).

  3. Data and Methodology

Figure 3. The above-canopy 
instrumentation on the eddy 
covariance tower in the HBEF 
(30 m agl).

● Above- and below-canopy measurements taken at 
the top of a 30-m eddy covariance tower and at 6 m 
AGL respectively, located on a 5° slope

● 3-D sonic anemometer and LI-COR gas analyzer 
(H2O, CO2), temperature sensors every 3 m on 
tower

● 10 Hz data averaged into 30 min intervals
● Datasets span 25 May - 16 June 2022 and 18 May - 

9 June 2023
● Synoptic-scale surface maps acquired from the 

NWS WPC's Surface Analysis Archive of United States (CONUS) Analyses
● Case studies of days with >70% of max daily incoming shortwave radiation, 

dubbed “clear sky days,” were studied to determine common wind patterns. 
● Several metrics of coupling from Jocher et al. (2017)2, Thomas et al. (2013)4, 

and Freundorfer et al. (2019)1 were tested: friction velocity (u*) and the 
standard deviation of vertical velocity (σw). 

a. 08:00 EST a. 10:00 ESTc.

b.

c. a. 10:00 EST

b.

c.

Virtual 
Poster

Fluxes in 
the HBEF

mailto:ashih4@illinois.edu

