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Abstract

Ecosystem—atmosphere exchanges of energy display considerable variability over a range of temporal and
spatial scales. This study evaluated the seasonal and annual variations in sensible and latent heat storage fluxes
within the canopy air-space in the Amazon rainforest. The data for this study were obtained from the “Long-term
drought impact on water and carbon dioxide fluxes in Amazonian Tropical Rainforest Experiment (ESECAFLOR)”
which is a subproject of Large Scale Biosphere Atmosphere Experiment in Amazon forest (LBA), carried out in
terra firma rainforest in Caxiuana National Forest, Para, Brazil. The data sets also included observations to obtain
the sensible and latent heat storage fluxes within forest collected throughout the 1-year period. The vapor pressure
and air temperatures were obtained for each 8 m interval from the surface to 32 m. Results indicated that the
cumulative sensible heat storage flux in the Amazon rainforest canopy was 167.9 Wm=2 in 2008 and the average
daily magnitude was always low for the same period. The latent heat storage flux (ranging from -32.7 to -10 Wm-2)

was more influenced by rainfall producing high humidity.
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Introduction

The amount of water intercepted by the Amazon forest canopy
during rains is responsible for the replacement of considerable
amount of water vapour in the atmosphere, contributing to the local
water balance. The biosphere-atmosphere interaction processes in
the Amazonian region have been investigated over the last years in
order to evaluate their importance for the local and global climate [1].
The large extent of vegetation covering the Amazon forest produces
the highest source of energy to the atmosphere from the continental
origin. Due the significance of the Amazon forest to biodiversity and
global carbon cycle, several studies have focused on the National Forest
Reserve Caxiuani in the framework of the LBA (Large Scale Biosphere
Atmosphere Experiment in Amazonia) project [1-4].

Although changes in the biomass of Amazonian region forest
represent an important component of the global carbon cycle,
the biomass of these forest remains poorly quantified [5]. Other
important studies aimed at quantifying the forest biomass in the
Brazilian Amazon include those of Brown et al. [6], Sales et al. [7],
Fearnside et al. [8], Nogueira et al [9], Alves et al. [10], among others.
Researches on the effect of drought episodes on heat storage fluxes
within the canopy air-space in the Amazon rainforest have just started.
Although changes in the biomass of Amazon region forest represent
an important component of the global carbon cycle, the biomass of
these forest remains poorly quantified [5]. Using through fall exclusion
experiments in the Amazon rainforest, Fisher et al. [11] and Costa
et al. [12] investigated forest transpiration by the sap flow method in
Caxiuana National Forest. Fisher et al. [13] concluded that the forest
was not able to withstand a 50% reduction in rainfall over 1-2 years
without impacting the canopy gas exchange, while Costa et al. [12]
found a decrease of 68% in mean transpiration of E. Coriacea from
control plot to rainfall exclusion plot. The objective of this study was to

analyze the surface energy balance, particularly the sensible and latent
heat storage fluxes within the canopy air-space Amazon rainforest.

Materials and Methods
Experimental site

This study was carried out at Ferreira Penna Scientific Station
(FPSS) in the Caxiuana National Forest (CNF) in Pard State (Latitude:
1°42’30”S, Longitude: 51°31’45”W and Altitude: 62 m above sea level).
The ECFPn is located in the 300000 hectare Caxiuana National Forest,
about 400 km to the west of Pard capital city of Belém, Brazil (Figure
1). The region has a well-preserved forest with a canopy of 35 m high.
The Amazon is covered predominantly by moist dense tropical forest,
but with several other vegetation types, including savannas, montane
forests, open forests, floodplain forests, grasslands, swamps, bamboos,
and palm forests.

The predominant trees species in the landscape are Eschweilera
coriacea  (White Matd-matd), Voucapoua americana (Acapu),
Rotium pallidum (White Pitch), Dinizia excelsa (angelim-vermelho),
Marmaroxylon racemosum (angelimrajado), Couratari guianensis
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Figure 1: Localization of Ferreira Penna Scientific Station (FPSS) in the Caxiuana National Forest (CNF) in Para State (Latitude: 1°42’30”S, Longitude: 51°31’45"W
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(tauari), Bucheniavia grandis (tanimbuca), Swartzia racemosa (pitaica)
and Dipteryx odorata (cumaru). The forest is a lowland terra firme
rainforest. The mean annual temperature is 25.78°C and the mean
annual rainfall is 2272 mm, with a dry season when only 555 mm of
rainfall occurs on average [13]. The wet season is from January to
June while the dry season is from July to December. Most soils are
yellow Oxisols (Brazilian classification Latossolo), but there are large
differences in texture. The water table has been observed at a soil depth
of 10 m during the wet season and the site elevation is 15 m above the
river level [13].

Our study analyzed observations of 1-year (2008) of canopy heat
storage fluxes. This period is enough to characterize the energy fluxes
during rainy and dry seasons in the study area.

Data descriptions

The most predominant tree species in the experimental plot were
Escheweleira, Licania octandra, Lecythis, Pouteria decorticans, Swartzia
racemosa, Rinoria guianensis and Vouacapoua americana. On the
other hand, the tree species in Plot B included Escheweleira coriacea,
Manilkara bidentata, Swartzia racemosa e Tetragastris panamensis.
The forest tree species diversity varied from 150 to 160 trees per hectare
and the individual density ranged from 450 to 550 trees ha'. The
net radiation was measured with a net radiometer (CNR1, Kipp and
Zonen, Delft, the Netherlands) and the vapor pressure was calculated
based on wet and dry bulb temperatures for each 8 m interval from the
surface to 32 m. All data were collected using a data logger (CS10X,
Campbell Scientific) for every 10 s and averaged over each 30 min
period. The data sets also included observations to obtain the canopy
heat energy flux within forest collected throughout the 1-year period.
Energy storage flux can be a significant component of the sub-diurnal
surface energy budget in a tall forest, owing to the large volumes of air
and biomass in the canopy.

Canopy heat storage flux

The large height of native forest with a large volume of air and
biomass in the canopy covering water supply catchments in the Amazon
basin means that the change in canopy heat storage flux through the
change in moisture content of the canopy air play an important role in

the energy balance of the ecosystem. The sensible heat storage flux in
the canopy air-space (AS, ) was obtained following McCaughey [14] as:

5 oT (AT,
AS, :fo pcpEdzEpcp;( . Azl.j 1)

where p is the air density, c_ is the specific heat, z, is the height of 32
m, T is the air temperature ('K) below r, and T, is a representative
layer-average of T in each layer ('K). Since p and c_are approximately
constant within the canopy layer, the ratio AT /AT can be calculated
as an average of measurements at several levels in the canopy [15].
Similarly, the latent heat storage flux in canopy air-space (AS ) was
calculated as [14]:

% oe, , _ L( Ae,
ASW = jO pLEEdZ = pLe;[EAZ‘j (2)

where L_is the latent heat of vaporization and e is the vapour pressure,
calculated from Ta and relative humidity measurements. Both AS, and
AS, were calculated in four levels up to 32 m.

Results and Discussion
Climate data

Temporal patterns of meteorological variables throughout the
1-year of experimental period in 2008 are shown in Figure 2. The
total rainfall of 2230 mm was close to the long-term mean of 2272
mm [11]. The amount of low precipitation from July to November
coincided with a decrease in relative humidity, but differed markedly
in air temperature and wind speed. Higher air temperature and lower
relative humidity through the dry season were mainly due to the small
amount of rain as well as the increase in global solar radiation and
consequently in the net radiation. Therefore, the climate did not show
any remarkable differences between other years and the experimental
period in 2008. The global solar radiation had a similar seasonal course
to that of the net radiation with maximum and minimum in dry and
wet seasons, respectively.

Canopy heat storage flux

Sensible heat flux: The sensible heat storage flux values were
generallylow through the experimental period ranging from4.94to-2.22
Wm? (Figure 3). Although the canopy heat storage was important for
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diurnal and seasonal time scales, their seasonal integration accounted
for only a small portion of the net radiation. The average canopy heat
storage flux within the canopy air-space over the experimental period
in 2008 was 0.46 Wm. The daily total heat storage flux resulted in the
annual total canopy heat storage flux of 167 Wm™ year.

Analyzing seasonal variations of energy and water vapour fluxes
above a tropical seasonal rainforest in China, Junxia et al. [16] also
found low values of the heat storage flux ranging between 0.9 and 0.8%
of the net radiation. The maximum and minimum values in the sensible
heat storage flux occurred in the dry and rainy seasons, respectively,
because the differences of temperature within the canopy are mostly
driven by differences in radiation penetration to the ground, governed
by canopy density.

The sensible heat storage flux was eventually an important sink or
source of energy, with a typical daily maximum value of about 43 Wm
in dry season, but because the term usually changed signs between
daylight and nighttime hours, the average daily magnitude was always
low through the whole experimental period. Similar results were
obtained by Wilson and Baldocchi [17] who analyzed the components
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Figure 2: Daily average of weather variables in 2008 at Caxiuana National For-
est, Para state, Brazil. Data include air temperature (A), relative humidity (B),

global radiation (C), wind speed (D), net radiation (E) and rainfall (F).
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Figure 3: Seasonal sensible heat storage flux and net radiation during the ex-
perimental period in 2008 at Caxiuana, PA, Brazil.

of surface energy balance over a broadleaf deciduous forest in North
America. Results obtained in this study, however, were not consistent
with that reported Moore and Fisch [18] and Silberstein et al. [19].
They found maximum absolute hourly canopy storage fluxes of around
80 Wm for forests in the Amazonian tropical and Western Australia.
This difference is probably because a good estimate of heat storage
requires a large number of temperature and humidity measurements
throughout the canopy air space, as well as temperatures for each of the
biomass components (leaves, twigs, fruit, branches, stems and litter)
[19]. The sensible heat storage flux in the surface-air space cannot be
neglected on an hourly basis. However, it represents a little proportion
of the net radiation on a daily basis. Similar results were obtained
by Sanchez et al. [20] for hourly sensible heat storage flux using
radiometric temperature observations for estimating energy balance
fluxes above a boreal forest. The cumulative sensible heat storage flux
in the wet season was 6% of that in the dry season. The lower value of
sensible heat storage flux in the canopy air in January-June than that
in June-December was a consequence of high rainfall and low vapour
pressure deficit in the wet season of that year. Wang et al. [21] also
found similar values who analyzed seasonal variations in energy and
water fluxes in a pine forest in Finland.

Seasonal variation of sensible heat storage flux and net radiation
in dry and wet seasons are shown in Figure 4 which indicates a close
link between canopy heat storage and net radiation throughout the wet
season in which the sensible heat storage flux and net radiation were on
average -0.08 and 340 Wm, respectively (Figure 4A). However, results
of this study also indicate that these variables do not exhibit a similar
performance throughout the dry season (July to November). For this
season, the sensible heat storage flux and net radiation were on average
0.83 and 430.7 Wm?, respectively (Figure 4B). As expected, the net
radiation was greater in the dry season than in the wet season due to
the increase in the atmospheric demand and this effect was estimated
to have reduced the sensible heat storage flux to 9.4%. The mean values
of the net radiation in the wet season decreased 21% when compared
to the dry season. This difference in the net radiation between seasons
was the main source of variability in the sensible heat storage flux.
Since the net radiation is mainly affected by global solar radiation, the
seasonal change in cloud cover was the main controlling factor of the
net radiation.

The transition from dry to wet season coincided with a marked
reduction in the incoming radiation. The seasonal net radiation values
presented here are greater than those reported by Rocha et al. [22]
for the Amazon region, Santarém, PA. This difference between the
mean values of net radiation can be attributed to the variability in
cloud cover in the region. The net radiation was the most important
source of energy, with typical daily maximum values for both seasons
between 520-540 Wm, while the daily minimum values varied from
120.8 to 263.4 Wm™. Similar results were obtained by von et al. [23]
who analyzed the scale variability of atmospheric surface layer fluxes
of energy and carbon over a tropical rainforest in southwest Amazon.
During the experimental period in 2008 the proportion of energy
storage within the canopy was, on average, only 1.23% of the net
radiation. The very low consumption of net radiation during the day
is attributed to the widely open canopy and high wind speed regime.

The sensible heat storage flux in 2008 was 167.93 Wm™, which
equals 14.5 MJm?year’. Similar values were obtained by Oliphant
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et al. [24] who analyzed heat storage and energy balance fluxes for a
temperate deciduous forest in south-central Indiana, USA. They found
that the annual storage heat balance for the three complete years
showed a small but consistent deficit averaging about 16.18 MJm-
*year™. This study indicates that the cumulative values of energy storage
within the canopy air-space for wet and dry periods were 76.1 and 91.8
Wm?, respectively. This means that less net radiation was available for
turbulent energy dissipation within the canopy during the wet season.

Latent heat flux: Figure 5 shows the seasonal latent heat storage flux
within the canopy air-space in 2008, indicating that the seasonal course
of latent heat storage followed a pattern inverse of the net radiation
during the whole year. The storage flux had a maximum absolute value
of 32.7 Wm?, while the net radiation had a lowest value of 171.2 Wm™
in the wet season (day of year 166). On the other hand, the net radiation
had a maximum value of 526.7 Wm™ and the latent heat storage flux
had a lowest value of 12.9 Wm™ in the dry season (day of year 280).
Therefore, the latent heat storage flux within canopy is most likely due
to rainfall amount summing to 1652 mm during the wet season.

The mean values of air temperature and relative humidity in 2008
was 25°C and 88%, respectively. On the other hand, the cumulative
rainfall during the dry season was 477.8 mm. The latent heat storage
flux was influenced by the low atmospheric demand but mainly by the
high amount of water vapour in the canopy air-space through the wet
season. The net radiation followed the temporal variation in global solar
radiation but became more irregular with depth in the forest because
of the highly variable penetration of beam radiation in space and time.
The solar radiation pattern into the forest canopy is a fundamental
process of energy exchange which regulates the availability of water for
evaporation. Although solar elevation continues to rise each day until
the summer solstice, the amount of net radiation and its variability
affect water storage within the canopy forest.
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Figure 4: Comparison between mean daily patterns of sensible heat storage
flux and net radiation in wet (A) and dry seasons (B) in Caxiuana, Para, Brazil.
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Figure 5: Seasonal latent heat storage flux and net radiation during the experi-
mental period in 2008 at Caxiuana, PA, Brazil.
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Figure 6: Seasonal latent heat storage flux and net radiation in Caxiuana, PA,
in 2008.

Despite a reduction in the net radiation from the dry season to
the wet season of around 20%, on average, the latent heat storage flux
had similar values, 4.4% of the net radiation for the wet season and
3.3% for the dry season (Figure 6). Although the maximum values of
latent heat storage flux were nearly the same during both seasons, the
minimum values declined by 30% from the wet to the dry season. The
average annual latent heat storage flux was nearly 15 Wm? for both
periods, suggesting ample water vapour storage within the canopy air
during the whole year. The daily total latent heat storage flux resulted
in the seasonal total latent heat storage of 2750.80 and 2581.19 Wm
for wet and dry seasons within canopy air-space, respectively. The
net radiation, consumed by the latent heat storage within the forest
canopy, varied from 6.1 to 27% during the experimental period. The
net radiation was greater in the dry season than the wet season, but this
did not seem to have increased the latent heat storage.

Despite the net radiation pattern into forest canopy being
a fundamental process of energy exchange which regulates the
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availability of water for evaporation, the difference in the net radiation
among months was only a minor source of variability in the latent heat
storage, while the high annual rainfall interaction with forest canopy
was responsible for transport of water within forest.

Conclusions

Although sensible heat storage flux is important on a diurnal
time scale, its annual value integrated within the canopy air space is
rarely more than 1% of the net radiation. The sensible heat storage
flux in the surface-air space can be neglected on a daily basis, but not
on an hourly basis. However, the latent heat storage flux represents a
considerable proportion of the net radiation on both hourly and daily
bases. The latent heat storage flux within canopy is most likely equal
to the amount of water vapour in canopy air-space, summing to 1652
mm during the wet season. The difference in the net radiation among
months, because of the highly variable penetration of beam radiation, is
only a minor source of variability of latent heat storage, while the high
annual rainfall interaction with forest canopy is responsible for the
high quantity of water transported within forest. Despite a reduction of
around 20% in the net radiation from the dry season to the wet season,
maximum values of latent heat storage flux are nearly the same for both
seasons. However, their minimum values are reduced by 30% from the
wet season to the dry season.

References

1. Gongalves FLT, Martins JA, Silva Dias MA (2008) Shape parameter analysis
using cloud spectra and gamma functions in the numerical modeling RAMS
during LBA Project at Amazonian region, Brazil. Atmos Res 89: 1-11.

2. Behling H, Hooghiemstra H (2000) Holocene Amazon rainforest-savanna
dynamics and climatic implications: high-resolution pollen record from Laguna
Loma Linda in eastern Colémbia. J Quaternary Sci 15: 687-695.

3. lwata H, Malhi Y, von Randowd C (2005) Gap-filling measurements of carbon
dioxide storage in tropical rainforest canopy airspace. Agr Forest Meteorol 132:
305-314.

4. Sotta ED, Veldkamp E, Guimaraes BR, Paixado RK, Ruivo MLP, et al. (2006)
Landscape and climatic controls on spatial and temporal variation in soil CO2
efflux in an Eastern Amazonian Rainforest, Caxiuana, Brazil. Forest Ecol
Manag 237: 57-64.

5. Keller M, Palace M, Hurt G (2001) Biomass estimation in the Tapajos National
Forest, Brazil examination of sampling and allometric uncertainties. Forest Ecol
Manag 154: 371-382.

6. Brown FI, Martinelli LA, Thomas WW, Moreira MZ, Ferreira CAC, et al. (1995)
Uncertainty in the biomass of Amazonian forests: An example from Ronddnia,
Brazil. Forest Ecol Manag 75: 175-189.

7. Sales MH, Souza Jr CM, Kyriakidis PC, Roberts DA, Vidal E (2007) Improving
spatial distribution estimation of forest biomass with geostatistics: A case study
for Rondoénia, Brazil. Ecol Model 205: 221-230.

8. Fearnside PM, Barbosa RI, Graga PMLA (2007) Burning of secondary forest
in Amazonia: Biomass, burning efficiency and charcoal formation during land
preparation for agriculture in Apial, Roraima, Brazil. Forest Ecol Manag 242:
678-687.

9. Nogueira EM, Fearnside PM, Nelson BW, Barbosa RI, Keizer EWH (2008)
Estimates of forest biomass in the Brazilian Amazon: New allometric equations
and adjustments to biomass from wood-volume inventories. Forest Ecol Manag
256: 1853-1867.

10. Alves LF, Vieira SA, Scaranello MA, Camargo PB, Santos FAM, et al. (2010)
Forest structure and live aboveground biomass variation along an elevational
gradient of tropical Atlantic moist forest (Brazil). Forest Ecol Manag 260: 679-
691.

11. Fisher RA, Williams M, Vale RL, Costa ACL, Meir P (2006) Evidence from

20.

21.

22.

23.

24,

Amazonian forests is consistent with isohydric control of leaf water potential.
Plant Cell Environ 29: 151-165.

. Costa RF, Silva VPR, Ruivo MLP, Meir P, Costa ACL, et al. (2007) Transpiragao

em espécie de grande porte na Floresta Nacional de Caxiuana. Para Agriambi
11: 180-189.

. Fisher RA, Williams M, Costa AL, Malhi Y, Costa RF, et al. (2007) The response

of an Eastern Amazonian rain forest to drought stress: results and modelling
analyses from a throughfall exclusion experiment. Glob Change Biol 13: 2361-
2378.

. Mccaughey JH (1985) Energy balance storage terms in a nature mixed forest at

petawawa, Ontario — a case study. Bound Lay Meteorol 31: 89-101.

.Vogt KA, Grove M, Asbjornsen H, Maxwell KB, Vogt DJ, et al.(2002) Linking

Ecological and Social Scales for Natural Resource Management. Cambridge
University Press 1-45.

.Junxia D, Yiping Z, Guirui Y, Shuangju Z, Qinghai S (2007) Interannual and

seasonal variations of energy and water vapor fluxes above a tropical seasonal
rain forest in Xishuangbanna, SW China. Acta Ecologica Sinica 27: 3099-3109.

. Wilson KB, Baldocchi DD (2000) Seasonal and interannual variability of energy

fluxes over a broadleaved temperate deciduous forest in North America. Agr
Forest Meteorol 100: 1-18.

. Moore CJ, Fisch G (1986) Estimating heat-storage in amazonian tropical forest.

Agr Forest Meteorol 38: 147-168.

. Silberstein R, Held A, Hatton T, Viney N, Sivapalan M (2001) Energy balance

of a natural jarrah (Eucalyptus marginata) forest in Western Australia:
measurements during the spring and summer. Agr Forest Meteorol 109: 79-
104.

Sanchez JM, Caselles V, Niclos R, Coll C, Kustas WP (2009) Estimating
energy balance fluxes above a boreal forest from radiometric temperature
observations. Agr Forest Meteorol 149: 1037-1049.

Wang KY, Kellomaki S, Zha T, Peltola H (2004) Seasonal variation in energy
and water fluxes in a pine forest: an analysis based on eddy covariance and an
integrated model. Ecol Modell 179: 259-279.

Rocha HR, Goulden ML, Miller SD, Menton MC, Pinto LDVO, et al. (2004)
Seasonality of water and heat fluxes over a tropical Forest in Eastern Amazonia.
Ecol Appl 14: S22-S32.

Von Randow C, Sa LDA, Gannabathula PSSD, Manzi AO, Arlino PRA, et
al. (2002) Scale variability of atmospheric surface layer fluxes of energy and
carbon over a tropical rain forest in southwest Amazonia. I. Diurnal conditions.
J Geophys Res 107: 1-12.

Oliphant AJ, Grimmond CSB, Zutter HN, Schmid HP, Su HB, et al. (2004) Heat
storage and energy balance fluxes for a temperate deciduous forest. Agr Forest
Meteorol 126: 185-201.

Forest Res
ISSN: 2168-9776 FOR, an open access journal

Volume 1+ Issue 2 + 1000106


http://www.sciencedirect.com/science/article/pii/S0169809508000033
http://www.sciencedirect.com/science/article/pii/S0169809508000033
http://www.sciencedirect.com/science/article/pii/S0169809508000033
http://adsabs.harvard.edu/abs/2000JQS....15..687B
http://adsabs.harvard.edu/abs/2000JQS....15..687B
http://adsabs.harvard.edu/abs/2000JQS....15..687B
http://www.sciencedirect.com/science/article/pii/S0168192305001632
http://www.sciencedirect.com/science/article/pii/S0168192305001632
http://www.sciencedirect.com/science/article/pii/S0168192305001632
http://www.sciencedirect.com/science/article/pii/S0378112706009200
http://www.sciencedirect.com/science/article/pii/S0378112706009200
http://www.sciencedirect.com/science/article/pii/S0378112706009200
http://www.sciencedirect.com/science/article/pii/S0378112706009200
http://www.sciencedirect.com/science/article/pii/S0378112701005096
http://www.sciencedirect.com/science/article/pii/S0378112701005096
http://www.sciencedirect.com/science/article/pii/S0378112701005096
http://www.sciencedirect.com/science/article/pii/037811279403512U
http://www.sciencedirect.com/science/article/pii/037811279403512U
http://www.sciencedirect.com/science/article/pii/037811279403512U
http://www.sciencedirect.com/science/article/pii/S0304380007000932
http://www.sciencedirect.com/science/article/pii/S0304380007000932
http://www.sciencedirect.com/science/article/pii/S0304380007000932
http://www.sciencedirect.com/science/article/pii/S0378112707001260
http://www.sciencedirect.com/science/article/pii/S0378112707001260
http://www.sciencedirect.com/science/article/pii/S0378112707001260
http://www.sciencedirect.com/science/article/pii/S0378112707001260
http://www.sciencedirect.com/science/article/pii/S0378112708005689
http://www.sciencedirect.com/science/article/pii/S0378112708005689
http://www.sciencedirect.com/science/article/pii/S0378112708005689
http://www.sciencedirect.com/science/article/pii/S0378112708005689
http://www.sciencedirect.com/science/article/pii/S0378112710002926
http://www.sciencedirect.com/science/article/pii/S0378112710002926
http://www.sciencedirect.com/science/article/pii/S0378112710002926
http://www.sciencedirect.com/science/article/pii/S0378112710002926
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3040.2005.01407.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3040.2005.01407.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3040.2005.01407.x/full
http://www.scielo.br/pdf/%0D/rbeaa/v11n2/v11n2a08.pdf
http://www.scielo.br/pdf/%0D/rbeaa/v11n2/v11n2a08.pdf
http://www.scielo.br/pdf/%0D/rbeaa/v11n2/v11n2a08.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2007.01417.x/abstract?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2007.01417.x/abstract?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2007.01417.x/abstract?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2007.01417.x/abstract?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://web.mac.com/jmorgangrove/Morgan/Products_files/Vogt et al. 2002 Landscapes.pdf
http://web.mac.com/jmorgangrove/Morgan/Products_files/Vogt et al. 2002 Landscapes.pdf
http://web.mac.com/jmorgangrove/Morgan/Products_files/Vogt et al. 2002 Landscapes.pdf
http://www.sciencedirect.com/science/article/pii/S187220320760064X
http://www.sciencedirect.com/science/article/pii/S187220320760064X
http://www.sciencedirect.com/science/article/pii/S187220320760064X
http://www.cnr.berkeley.edu/biometlab/pdf/wilson_ddb_agfm_200_100_1.pdf
http://www.cnr.berkeley.edu/biometlab/pdf/wilson_ddb_agfm_200_100_1.pdf
http://www.cnr.berkeley.edu/biometlab/pdf/wilson_ddb_agfm_200_100_1.pdf
http://www.sciencedirect.com/science/article/pii/0168192386900559
http://www.sciencedirect.com/science/article/pii/0168192386900559
http://www.sciencedirect.com/science/article/pii/S0168192301002635
http://www.sciencedirect.com/science/article/pii/S0168192301002635
http://www.sciencedirect.com/science/article/pii/S0168192301002635
http://www.sciencedirect.com/science/article/pii/S0168192301002635
http://www.sciencedirect.com/science/article/pii/S0168192309000021
http://www.sciencedirect.com/science/article/pii/S0168192309000021
http://www.sciencedirect.com/science/article/pii/S0168192309000021
http://www.sciencedirect.com/science/article/pii/S0304380004001036
http://www.sciencedirect.com/science/article/pii/S0304380004001036
http://www.sciencedirect.com/science/article/pii/S0304380004001036
http://www.esajournals.org/doi/abs/10.1890/02-6001
http://www.esajournals.org/doi/abs/10.1890/02-6001
http://www.esajournals.org/doi/abs/10.1890/02-6001
http://lba.cptec.inpe.br/publications/LBA_JGR_Special_Issue_Oct_2002/Scale_variability_of_atmospheric_surface_layer_fluxes_energy_CO2_Celso_JGR_LBA_Oct2002.pdf
http://lba.cptec.inpe.br/publications/LBA_JGR_Special_Issue_Oct_2002/Scale_variability_of_atmospheric_surface_layer_fluxes_energy_CO2_Celso_JGR_LBA_Oct2002.pdf
http://lba.cptec.inpe.br/publications/LBA_JGR_Special_Issue_Oct_2002/Scale_variability_of_atmospheric_surface_layer_fluxes_energy_CO2_Celso_JGR_LBA_Oct2002.pdf
http://lba.cptec.inpe.br/publications/LBA_JGR_Special_Issue_Oct_2002/Scale_variability_of_atmospheric_surface_layer_fluxes_energy_CO2_Celso_JGR_LBA_Oct2002.pdf
http://www.sciencedirect.com/science/article/pii/S0168192304001704
http://www.sciencedirect.com/science/article/pii/S0168192304001704
http://www.sciencedirect.com/science/article/pii/S0168192304001704

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Experimental site
	Data descriptions
	Canopy heat storage flux

	Results and Discussion 
	Climate data
	Canopy heat storage flux 

	Conclusions
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6

