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Incorporating Ecological Insights into Fluxnet

Investigations: Fluxnet Sites as Research Hubs

An Editorial by Laurie Koteen and Dennis Baldocchi

Fluxnet is a unique and
evolving resource that links
scientists from across the
globe and allows them to
share and synthesize infor-
mation through a curated
database.  Primarily, they
share data about the way
that ecosystems store and
exchange carbon, water and
energy between the land
surface and the atmosphere.
To date, Fluxnet has greatly
advanced our understanding
about the magnitude of sur-
face fluxes across ecosystem
types and climate zones. It
has also provided insights
about how fluxes correlate
with climate variables sea-

sonally and inter-annually,

and about what properties
and process rates ecosys-
tems seem to share, and
where they differ. More
recently,  scientists have
developed novel and crea-
tive uses for the Fluxnet
network.  Researchers at
Fluxnet sites are now docu-
menting how material flux-
es track recovery from dis-
turbance, how flux rates
differ in forests at different

points in stand maturity

through  chronosequences
studies, or at different ele-
vations in sites arraycd

along elevation gradients.
Methane fluxes are being
measured at several Fluxnet
sites as well as SOX, NOX

and VOCs.

are also using Fluxnet data

Researchers

to serve new scientific
goals. Both flux and optical
data from Fluxnet field sites
have become an important
source for bottom-up in-
puts to models that upscale
flux quantities, (see Flux-
Letter Vol. 3, No. 3).
Data from these sites also
serve as a validation tool for
top-down modeling from
satellite, lidar and aircraft
optical measurements.
These issues, and others,
were the subject of a recent
meeting in Berkeley Cali-
fornia, and much of the
topical information from

this meeting can be found
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here: http://nature.
berkeley. edu/biometlab/
fluxnet2011/

fluxwkshp post.html.

However, much potential
still remains for Fluxnet to
expand its scope and use
the network of established
sites as a platform for sci-
entific innovation. The
studies and sites highlighted
in this issue of FluxLetter
all represent departures
from the more traditional
set of measurements that
occur at Fluxnet sites, or
seek to highlight new data
streams now coming online
which will be available to
merge with flux data.
Moving forward, we
hope that a greater number
of Fluxnet sites will be-
come research hubs where
teams of scientists from a
variety of ecological disci-
plines are working in con-
cert to not only measure
flux rates, but also to de-
velop a broader under-
standing of the ecosystem
drivers and vulnerabilities
unique to each site. We
envision teams of scientists
( i.e. ecologists, soil scien-
tists, atmospheric chemists,

eco-hydrologists, geomor-

phologists...)  combining
efforts to gain a mechanis-
tic understanding of eco-
system function at the sites
that make up Fluxnet and
to understand how they
may respond to global
change.  Correlations be-
tween ecosystem response
to interannual climatic var-
iability as a basis for infer-
ences about ecosystem
change, although of great
value, can only provide a
partial picture. Moreover,
at a time when many eco-
systems are in a state of
transition, a focus on flux
measurements and climate
variables alone may pro-
vide information that is of
More

comprehensive mechanistic

transient  value.

insights are more likely to
come from multidiscipli-
nary teams and approaches.
From this perspective, the
eddy covariance tower and
associated measurements
become less of an end point
at Fluxnet sites and more
of a measurement set with-
in a broader investigation.
In addition, a shift in
focus towards greater in-
clusion of ecological driv-

ers, and diligence in shar-

ing this information
through the Fluxnet data-
base, will provide for a
much richer dataset for
researchers to draw from
for synthesis studies. Such
efforts would create new
categories for investigation,
ie. syntheses across sites
with deep vs. shallow-
rooted Vegetation to pre-
cipitation anomalies, or a
comparison of flux re-
sponses in phosphorus vs.
nitrogen-limited ~ systems,
or the degree of ecosystem
buffering to climate anom-
alies in highly diverse sys-
tems vs. systems with low
diversity, or changes in flux
rates across systems subjcct
to recent species invasion
or undergoing community
shifts... and many others.
We hope the articles high-
lighted in this issue serve as
an inspiration for research-
ers to go deeper into un-
derstanding the ecological
dynamics operating at their

sites and we look forward to

seeing the results.
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(baldocchi(@berkeley.edu)
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Biogeochemical cycles in future forests: Linking structure

and function using multiple research approaches at the Hniversity

of Michigan Biological Station

Christopher M. Gough and Lucas E. Nave

Recent studies show
that many old forests con-
tinue to be carbon sinks
long past their presumed
peak. What are the mecha-
nisms behind recently ob-
served high levels of carbon
storage in old forests? How
much carbon will forests of
the future store? How will
nitrogen cycling interact
with and constrain carbon
storage?  U.S. DOE and
NSF-supported FLUXNET
investigators at the Univer-
sity of Michigan Biological
Station (UMBS) are ad-
dressing these questions by
combining  experimental

and observational studies
that use meteorological and
ecological approaches.
Understanding ~ what
presently limits carbon
storage in old forests and
predicting future levels of
carbon storage require per-
spective on forest disturb-
ance regimes —past, pre-

While
global disturbance frequen-

sent, and future.
cy is on the rise, disturb-
ance intensity is also chang-
ing in many forested re-
gions. In the Great Lakes
region of North America,
forest disturbances are tran-
sitioning away from severe
events

causing  complete

stand replacement, such as

historic clear-cut harvesting
and fires, towards more
subtle that
cause only partial canopy

disturbances

defoliation or the loss of
select species. These more
minor, often spatially dif-
fuse disturbances, include
partial harvests, pathogenic
(frequently invasive) in-
sects, diseases, and age-
related senescence. At the
same time, forests in the
region are getting older.
Age-related mortality has
become common in older
secondary forests of the
Great Lakes region, where
short-lived,
successional canopy species
that established following

clear-cutting

early-

and severe
fires a century ago are now
dying and giving way to
longer-lived, later-
successional canopy domi-
nants.

As the

ofearly-successional

disturbance
tree
mortality ripples through
these aging forests, how
will ensuing changes in
structure alter ecosystern
function, including the car-
bon balance? Long-term
observations together with
experimental studies from
UMBS suggest that subtle
disturbances may lead to
greater structural and bio-

Succession in progress: small-scale age-related
mortality at UMBS, with two dead aspens stand-
ing over a proliferating maple subcanopy.

logical complexity, causing
increased rates of carbon
storage. FLUXNET investi-
gators at UMBS want to
know why.

Study description
Investigators at UMBS are
using two complementary

approaches to examine car-
bon cycling responses to
subtle disturbance and on-
going ecological succession
to elucidate the underlying
mechanisms responsible for
such biogeochemical chang-
es. The first is the Forest
Accelerated Succession Ex-
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perimenT  (FASET), in
which all early successional
aspen and birch trees (~35
% LAI) within 39 ha of

forest were stem girdled in
2008 to accelerate their age

-related senescence and the
transition of the forest as a
whole to a more advanced
state.  This

experimental

successional
large-scale
manipulation is testing the

Investigator, Chris Gough, stem girdles an aspen
tree during the implementation of the Forest Ac-
celerated Succession ExperimenT (FASET) in May,
2008. Stem girdling eliminates transport of photo-
synthate to the roots, eventually causing root, and

subsequently, tree death.

hypothesis that net ecosys-
tem production will in-
crease with forest age due
to disturbance-mediated
changes in nitrogen availa-
bility and the development
of a more nitrogen-rich,
biologically and structural-
ly complex canopy. The
experiment employs a suite
of paired on-the-ground
carbon and nitrogen cy-
cling measurements, repli-
cated in plots distributed
throughout separate treat-
ment and control meteoro-
logical flux tower foot-
prints. A second, observa-
tional approach makes use
of rich meteorological and
ecological datasets collect-
ed continuously over a doz-
en years from a non-
manipulated area of the
forest, and also ecological
data from a 180-yr forest
chronosequence that per-
mits investigators to exam-
ine changes in the carbon
cycle over much longer
time periods. Together,
this complement of mete-
orological and ecological
data from experimental
and observational studies
allows investigators to ex-
amine drivers of change in
the carbon cycle at a varie-
ty of temporal and spatial
scales.

Combining  meteoro-
logical and ecological
methods enhances efforts
to understand controls on
carbon fluxes, and their
variation over time and
space. On-the-ground eco-
logical measurements are
particularly useful in as-
cribing mechanisms to pat-
terns revealed by meteoro-
logical data. For example,
meteorological data from
the FASET project indicat-
ed a modest decrease in net
ecosystem exchange in the
area disturbed by the ex-
perimentally  accelerated
senescence of early succes-
sional tree species, a re-
sponse that was within the
bounds of interannual vari-
ability. Although the appar-
ent treatment effects on
whole ecosystem carbon
cycling were subtle, com-
plementary ecological data
revealed an underlying cas-
cade of important, interre-
lated biogeochemical
changes that promoted
functional resilience in car-
bon  storage. Plot-scale
measurements within the
treatment  footprint  re-
vealed rapid replacement
of senescing species’ de-
clining leaf area as soil ni-
trogen availability in-
creased and was reallocated
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to newly expanded leaf
area of later-successional
canopy dominants. Lysime—

which

losses

ter measurements,
quantify  nutrient
from leaching, indicated
near-complete retention of
actively-cycling soil nitro-
gen, demonstrating that
efficient nitrogen redistri-
bution to later-successional

trees was a mechanism for

resilience of net ecosystem
production in this nitrogen
-limited forest during the
disturbance period (Nave et
al., in press).
Long-term  observa-
tions in non—manipulated
areas of the forest and in
chronosequences  provide
complementary under-
standing of how structural

changes that play out over

decades alter trajectories
of carbon storage. For
example, decadal records
of tree growth indicate
that resilience to age-
related declines in net
primary production is
highest where a diversity
of canopy tree species is
present, because later suc-
cessional species rapidly

compensate for declining

Spatial variation in early-successional tree mortality following experimental
disturbance. Integrating across this variation with the meteorological ap-
proach while also quantifying variation with on-the-ground sampling yields
greater insight than using either approach alone.

growth of early successional
(Gough et al.,

2010). Investigators are also

species

finding that long-term resil-
ience of forest carbon stor-
age to disturbance is de-
pendent upon canopy struc-
tural reorganizations that
enhance carbon uptake
2011).

Canopy structural complex-

(Hardiman et al.,

ity, which increases with
forest age, is positively cor-
related with decadal net
ecosystem production in
stands ranging in age from 5
to 200 years. The root
cause of high productivity in
structurally complex old
forests is still under investi-
gation, but preliminary evi-
dence suggests that in-
creased structural complex-

ity of the canopy improves

resource use efficiency.
These results have im-
portant implications  for

tracking and predicting car-
bon cycling resilience, sug-
gesting that long-term for-
est carbon storage trajecto-
ries depend not only on
replacement of lost leaf
area, but also on shifts in
forest structure that permit
greater efficiency of use of
limiting resources to drive
carbon storage. In applica-
tion, remotely sensed met-
rics of 3-dimensional cano-




Biogeochemical cycles in future forests: Linking structure and

function using multiple research approaches at the University of

Michigan Biological Station

Christopher M. Gough and Lucas E. Nave

py structure may improve
accuracy of forest carbon
storage estimates, and al-
low for more robust simu-
lations of regional forest
carbon dynamics.

Future directions

As the UMBS Forest Eco-
system Study (FEST) re-
search ~ program moves
through its second decade,
investigators are adding to
existing meteorological and
ecological ~data  streams.
Our intent is to reveal the
mechanisms

underlying

carbon cycle changes in
response to disturbance,
ecological succession, and
ongoing climate change.
Continued tower and
ground-based carbon flux
measurements in control
and treatment footprints
will help elucidate how
near-term disturbance ef-
fects mediate long-term
trajectories of carbon stor-
age. For example, the long
-term carbon balance fol-
lowing disturbance to the
UMBS forest is likely to

shift following the transfer

of large carbon stocks
from senescing aspen bio-
mass to woody debris
pools, and as nitrogen
redistribution to the de-
veloping canopy contin-
ues. Ongoing ecological
investigations include a
"N tracer study to under-
stand differences in eco-
system nitrogen distribu-
tion and cycling in control
and treatment flux tower
footprints. As paired me-
teorological and ecological
measurements continue,

investigators are integrat—

2011 UMBS-FEST participants in the field. The researchers above, as well as

others not pictured, collaborate on interdisciplinary studies of forest ecolo-

gy and biogeochemistry at a site near the center of the Great Lakes Region in

northern Michigan.

ing these mechanistic data
with remote sensing and
ecosystem modeling ap-
proaches to forecast re-
gional_shifts in carbon cy-
cling as forests age . Addi-
tionally, by participating
in research networks like
FLUXNET and the Na-
tional Soil Carbon Net-
work, the UMBS FEST
team is ensuring that site

data contributes to large-
scale collaboration and
synthesis among the
broader carbon cycle sci-
ence community . Recent
years have seen a signifi-
cant increase in synthesis
products that add huge

value to archived data.
Continued data streams,

especially ~ from  places
with  already long—term
records (e.g., Metolius,

State
Harvard Forest,

Morgan-Monroe

Forest,
UMBS),
stronger opportunities for

create even
synthesis and the advances
that our science needs.
Finally, a mechanistic un-
derstanding of how forests
work is enhancing science-
based products that will
inform land managers and
policy makers how to man-
age forests in the backdrop
of local and global environ-
mental change.
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UMBS Forest Ecosystem
Study (FEST) website:
http://umbs.lsa.umich.edu/
research/fest
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Providing access to subsets of remote sensing data for flux tower sites

Suresh Santhana Vannan, Maria Martinez Gonzalez, Robert Cook

To address questions
related to carbon cycle and
ecosystems, researchers
have to identify, download,
understand, and assemble
remote sensing data from
disparate sources. For
scientists working at spatial
scale of less than 100 x 100
km, assembling the time-
series data is particularly
challenging because of the

huge amounts of data that
have to be
relative to the spatial scale

downloaded

of the analysis. Also, re-
searchers have to under-
data
structure, and data access

stand file formats,

mechanisms across the var-
ious types of data. Valuable
resources that can be spent
on research are spent in
assembling the data. To

address this issue, ORNL
DAAC and FLUXNET are
performing a pilot study to
provide subsets of remote
sensing data for flux tower
sites.

We are currently ex-
ploring the following data
products to be subsetted
and delivered for selected
tower sites:

Figure 1. Subset of PALSAR (Phased Array type L-band Synthetic Aperture
Radar) sensor data from the Advanced Land Observing Satellite (ALOS) in
GeoTIFF format for the Missouri Ozark flux tower site. The resulting image
shows vegetation in shades of green and barren land in shades of pink or
purple. The subsets are provided in collaboration with Alaska Satellite Facil-

ity and National Snow and Ice Data Center.

daac.ornl.gov/LAND VAL/sar.shtml

For more information: http://

e ALOS PALSAR SAR
Subsets

e EO-1 Hyperion

® Landsat
e MODIS
o Daymet
e NPP-VIIRS
Subsets of PALSAR

(Phased Array type L-band
Synthetic Aperture Radar
(SAR)) sensor data from
the Advanced Land Ob-
serving Satellite (ALOS)
are currently provided for
selected flux tower sites in
GeoTIFF format at the
ORNL DAAC (Figure 1).
SAR data are particularly
useful in  understanding
human impacts on Vegeta—
tion at a local scale, detect-
ing deforestation and forest
degradation and in estimat-
ing biomass. The DAAC
has provided examples of
how SAR data can be used
at flux tower sites.

Hyperion data will be
useful for its high spectral
resolution. Landsat and
MODIS have been used in
numerous ecosystem stud-
ies (Figure 2)

Daymet is a model that
generates daily 1 x 1-km
surfaces of temperature,
precipitation,  humidity,
and radiation over large
regions of complex terrain
for North America
(Mexico, USA, and Cana-
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da, south of 52N). No oth-
er weather/climate data at
this temporal and spatial
resolution exists. Daymet
data will be useful in un-
derstanding vegetation pa-
rameters in relation to cli-
mate/weather.

The ORNL DAAC will
also be offering NPOESS
Preparatory Project (NPP)-
Visible/Infrared  Imager
Radiometer Suite (VIIRS)
as they become available.
Launch for NPP is now
scheduled October
2011.

ORNL DAAC will be
using  Open Geospatial
Consortium (OGC) stand-
ards to visualize and dis-
tribute these data bundles.
Users can also download
the csv or GeoTIFF data
directly from an FTP/Web

SE€rver.

for
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Maria Martinez Gonzalez
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True Color Display (VNIR Bands 29:23:16)
of Hyperion data, Harvard Forest Site 09-05-01

Figure 2. EO-1 Hyperlon data for Harvard Forest. True color image of the Hy-
perion image using Visible Near Infrared data is shown for a 7.5 km swath..
The Hyperlon instrument is designed to provide Earth images using 220 spec-
tral bands.




Are flux towers becoming advanced weather stations?

Jiquan Chen

In early 1990, the sci-
entific communities of
ecology and micrometeor-
ology were excited and
stimulated by the first per-
manent
(EC) tower that was in-
stalled at the Harvard For-

est. Not only was it be-

eddy-covariance

cause we had direct, con-
tinuous measurements of
carbon, water, and energy
fluxes at the ecosystem
level (versus fluxes at leaf
or individual plant levels)
that allowed us to examine
ecosystem responses and
functions  continuously.
But, more importantly, we
were excited because the
new technology brought
scientists from several
fields together to under-

stand the changes in CO,,

from

H,O, and
physical,

energy
biological, and
ecological perspectives and
the underlying mechanisms
and biophysical regulations.
The establishment of sever-
al  networks, officially
(EuroFlux,

AmeriFlux) or constructed

sponsored

as consortiums (e.g., US-
China Carbon Consortium,
USCCC), promoted rapid,
cross-lab
through  data

Some great examples in-

collaborations
sharing.

clude the deposition of
AmeriFlux data at the U.S.
Oak Ridge National Labor-
atory and the development

of the LaThuile database
and  synthesis  (http://

www.fluxdata.org/

default.aspx).

Regardless of various

Photo 1: The J-Rover developed for the bioener-

gy study at the GLBTRC/KBS site in Michigan was
enhanced to include a CH, sensor (LICOR 7700) in
May 2010.

related to the
technical pitfalls, such as

critiques

issues involved with com-
plex terrains and sensors,
EC flux towers have been
favored by the broader
scientific community,
agencies, and foundations
across the globe.  Over
two hundred flux towers,
for example, were installed
in China over the past ten

United

States, EC towers are now

years. In the

considered a central piece
of any NEON site. Publi-
cations based on this flux
data have flooded the main-
stream journals (e.g., Agric
JGR-B,
Tree Physiol, etc.) Mean-

For Meteorol,

while, murmurs against the
above development began,
including the popular com-
ment of “flux towers are
advanced weather sta-
tions”.

Facing the above chal-
lenge to the FLUXNET
community, our members
need to be stimulated to
explore new grounds with
our growing measurement
facility and maturing col-
laborations. Obviously,
we can continue our en-
deavors in maintaining the-
se towers to gain a better
understanding of the long-
term ecosystem changes,
waiting for low-frequency
events to happen (e.g.,
fires and insect outbreaks,
extreme climate; Amiro et

al. 2010), starting manipu-
lations at our EC flux site
such as the girdling experi-
ment at the University of
Michigan Biological Station
(UMBS; Nave
press), adding new sensors

et al. in

to the towers so that fluxes
of other trace gases (e.g.,
CH, and N,0) will be
measured (Photo 1), in-
stalling more towers at less
-studied
continuing our scaling up
efforts.
other research directions
for the FLUXNET commu-
nity to discuss: 1) applying

ecosystems, or

Here, I offer two

mobile flux towers to ad-
dress the changes in flux
properties across space,
and 2) incorporating flux

measurements into manip-

ulative  experiments for
hypothesis testing.
At the 1% and 20

AmeriFlux annual meet-
ings, I attempted to sell the
concept of mobile flux
towers using our study at
the Wind River Canopy
Crane Site as an example
(Chen et al. 2002). The
primary rationale is that we
will never have enough
towers to cover every eco-
system on the earth at all
times. One alternative is
to have the flux towers
moved across the land-
Unlike the vessel-
based flux system, the mo-

scape .

bile flux tower can be left

at an ecosystern for a varia-
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ble amount of time before
it is moved to another sys-
tem through scheduling. A
major disadvantage of this
approach is that one will
have major data gaps along
the time series, preventing
us from understanding the
temporal variability across
Our

major gains are from signif—

continuous scales.
icant increases in spatial
coverage. This concept has
been generally supported
by the community as it has
been applied in several on-
going projects and used as a
way of calibrating field sites
for landscape or regional
scaling up (i.e., carbon and

water fluxes at broader
spatial scales, Xiao et al.
2011). In Northern Wis-
consin, the LEES members
designed and installed two
permanent EC towers and
Over
the five-year study period
(2001-2005), we collected
data at 14 forest types
within the 18x20 km land-

scape. This data provided

three mobile ones.

us great information to
understand the carbon and
water fluxes of a managed
landscape (Noormets et al.
2007). This concept was
later modified to have the
flux sensors mounted on a
mobile cart, known as the |

Photo 2: The mobile J-Rovers deployed on the
Mongolia Plateau in 2009. These towers are moved
across the plateau annually to gain information of
as many ecosystems as possible for regional esti-
mates of carbon and water fluxes through scaling

up exercises.

-Rover (Photo 1) so that
the flux system can be
moved easily to match the
needs (e.g., frequency of
MODIS satellite) of a land-
On the Mongolia
Plateau, a region lacking

scape.

flux measurements (Jung et
al. 2010), we deployed
two J-Rovers to fill the
data gaps of permanent
tower networks (Photo 2).
Within a three-year study
period, we anticipate quali-
ty data for ~15 land cover
types across the 2.5 million
km?. The data will be nec-
essary for regional estima-
tions (Xiao er al. 2011).
Clearly, in locations where
there’s almost no data, this
technique is particularly
useful to provide baseline
estimates for fluxes.

Flux towers are not
just advanced weather sta-
tions. They can be used to
record both processes and
functional responses of an
ecosystem within a manip-
ulated environment. In
New Mexico, paired flux
towers (disturbed vs. un-
disturbed) were installed at
three locations along an
elevation gradient (a.k.a.,
NMEG) to separate the
effects of climate, disturb-
ances, and ecosystem type
using  six flux towers
(Anderson-Teixeira et al.
2011); a similar design was
employed by the Institute
of Botany-CAS along the

precipitation and grazing
gradients in Inner Mongolia
(Miao et al. 2009). Re-
cently, we used this con-
cept of cluster towers in a
two-way factorial design of
a bioenergy study at the
Kellogg Biological Station
(KBS) to understand the
productivity and resource
use of biofuel fields of
Switchgrass, corn, and
(three
types) that were developed

mixed  prairies

from two land use types.
Data collected from these
direct measurements pro-
vides us with convincing
evidence of fuel production
during the land conversion
process at each of the bio-
energy systems (Zenone et
al. 2011), and/or of an-
swering bigger questions
(calculating global warming
potentials through life cy-
cle analysis; Gelfand et al.
2011).
application of the tower

The most recent

cluster is in the
“Environmental Sensor
Network (ESN)”, which is
installed at a small water-
shed in the western basin of
Lake Erie (Fig. 1), where
two permanent EC towers
were installed to the exist-
ing tower network on land.
A mobile EC system is be-
ing built to fit vessel- or
land vehicle-based meas-
urements. Data from the
ESN is linked with the NO-

AA monitoring stations in
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the basin for both basic
scientific

doi:10.1029/2010JG001390.
investigations Jung et al. 2010. Nature
Anderson-Teixeira et al. doi: 10.1038/nature09396

2011. Global Change Biol
17: 410-424.

(e.g., modeling greenhouse
gases) and policy making
(lake water quality, land Miao et al. 2009. Agric For
use, adaptation plans, etc.) Meteorol 149: 1810-1819.
Chen etal. 2002. Tree
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How I could have
guessed when I started my
bachelor’s degree in Agri-
cultural Engineering in Ma-
drid that T would end up
doing cool research in Africa
on surface fluxes? Well, 1
have to say that it was not a
quite direct path. Nonethe-
less, looking back two topics
were always present: water-
limited ecosystems and re-
mote sensing.

Since September 2010 I
have been a postdoc in the
groups of Prof. Inge Sand-
holt (Copenhagen Universi-
ty) and Dr. Pietro Ceccato
at IRI (Columbia Universi-
ty). My work aims to esti-
mate evapotranspiration and
soil moisture in West Africa

within the CalM project:
Earth Observation of long

term changes in land surface

moisture __conditions. My

research group has been
working in Africa since the
1980’s, and they run an in-
strumented site in the semi-
arid savanna of Dahra, in
Senegal (Picture 2).  The
site is instrumented with a
set of spectral and thermal
sensors that allow up-scaling
for comparison with satellite
data. Last year, hyperspec-
tral measurements in con-
tinuous and rotating mode
using ASD spectroradiome-
ters were set up in the site
by Prof. Fensholt of Copen-
A flux
tower was set up as well in
collaboration with Prof. Ardo
of Lund University, Sweden.

hagen University.

Monica Garcia

With

framework, I hope to an-

such a nice

swer some of the questions
that intrigue me most now.
One pertains to how to
integrate more spectral
information into existing
land surface models. Cur-
rently thermal information
and vegetation indices are
widely incorporated into
such models, yet additional
spectral information is un-
der-used. Regarding other
spectral information, it is
clear that indices such as
the PRI (Photochemical
Reflectance Index), or wa-

ter band indices, correlate

with physiological activity
and other canopy proper-
ties. However, we have
still to investigate how to
incorporate them into
models in a robust and
physically sound way across
different

conditions.

environmental
We need to
link changes in optical and
thermal properties of plant
canopies and soils to shifts
in  ecosystem functions,
e.g. changes in transpira-
tion or carbon assimilation.
At present, | am reviewing
some of the assumptions of
operative  evapotranspira-
tion (ET) models, and try-

ing to improve them by in-
corporating additional spec-
tral or thermal information.
To do so I use “real” data to
evaluate models at the field
level with eddy covariance
ET from sites differing in
their water and energy limi-
tations (Garcia et al., 2011;
submitted). I also work with
simulated data using a de-
tailed hydrological model
coupled to a two source
surface energy balance mod-
el (MIKE-SHE) capable of
simulating heat fluxes, soil
moisture and surface tem-
perature (Ridler et al., sub-
mitted). Once I have devel-
oped reliable models, T will
map surface fluxes in West
Africa to determine how
they might change as a result
of land wuse changes or
drought.

But how did I
working with remote sens-

start

ing? It was at the University
of California, Davis, during
my M.Sci. (2000) and later
during my PhD at the Tech-
nique University of Madrid
(2003) under the supervi-
sion of Prof. Susan Ustin. I
tried to understand the role
of rainfall and ENSO (El
Nifio Southern Oscillation)
in driving primary produc-
tivity in Mediterranean eco-
systems. I evaluated the spa-
tial and temporal patterns of
photosynthetic and  non-
photosythetic ~ vegetation
fractions using hyperspectral
AVIRIS images. I found that

significant temporal  and
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spatial changes in vegeta-
tion fractions associated
with ENSO events in cen-
tral California would be

suffi-

cient spectral and spatial

overlooked unless

resolution were used to
monitor them as revealed
detection,

from  change

semivariogram analyses and

comparison with results
from broadband sensors
(Garcla et al., 2001,
2003). At a broader re-
gional scale I evaluated how
different plant functional
types cope with increased
rainfall variability in a glob-
al change scenario. To do
so, I selected a 5-year peri-
od within the 30-year
NDVI-AVHRR time-series
resembling  GCM  rainfall

projections for the region.

I found that all the plant
functional types I evaluated
were capable of buffering
the effect of rainfall anoma-
lies within the first year but
effects of rainfall anomalies
on Vegetation greenness
were more persistent in the
case of chaparral and ever-
green forests (8 months).

" Dahra, Sene gai

Lagged NDVlI-rainfall cor-
relations provided forecast-
ing tools for pasture pro-
duction based on ENSO
SST (Sea Surface Tempera-
ture) indices as El Nifio
events were associated
with higher than normal
winter precipitation while
opposite but more predict-
able effects were found for
La Nifa events. (Garcia et

al., 2010)

It was only after my

PhD that I started doing
research related to the sur-
face energy balance and
evapotranspiration in
Spain. I was a postdoc at
the Spanish National Re-
search Council (CSIC) In-
stitute Experimental Sta-
tion for Arid lands (EEZA)
in Almeria. I refer to this
region familiarly as the “Far
East” as several Spaghetti
westerns such as the Good,
the Bad and the Ugly were
filmed here. One can imag-
ine the challenge of esti-
mating evapotranspiration
in a place where rainfall
can be as low as 200 mm,
and falls mostly during the
cold season. The bad news
is that the daily evapotran-
spiration values are about
the same order of typical
errors of models using re-
mote sensing information
during several dates (~0.8
mm day™) . The good news
is that if a model is able to
perform well under these
extreme conditions, it is
that it
would also do so in humid

highly  probable

sites. As the only remote
sensing person in the team
during that time, I learned
very actively from micro-
meteorologists (Garcia et
al., 2007; 2008a; Villagar-
claetal., 2007; 2011).

I also used this dryland
region as a prototype to
evaluate the effect of dis-
turbance related to deserti-
fication (land degradation

in drylands). There is a
pressing need for opera-
tional, objective desertifi-
cation indicators for large
regions. Currently, most of
the global indicators de-
rived from remote sensing,
such as the Rainfall Use
Efficiency (RUE), rely on
Net Primary Productivity
(NPP) estimates (Garcia et
al., 2008 ). However, NPP
in desertification studies
has generally been estimat-
ed from NDVI, and has
been based on a light use
efficiency ~approach that
fails to account for changes
in light wuse efficiency
(Prince et al., 2007). In
addition, using NDVI in
drylands is problematic as
the mosaics of vegetation,
dry matter and bright soils
cause nonlinear effects in
pixel reflectance that can
mask  vegetation  signals
(Asner et al., 2003). We
focused on developing a
new type of land degrada-
tion indicator that corre-
sponds with changes in the
surface water deficit. As it
has been stated that de-
graded ecosystems are less
efficient in resource use,
we tested the hypothesis
that disturbed sites in dry-
lands would dissipate less
heat
(evapotranspiration). And,

energy as latent
we did find lower evapora-
tive fractions on a set of
disturbed sites (fire, land
use changes, topsoil losses)
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Picture3: 3D false color composite of ASTER 18-07-2004 over Almeria region
(Spain)

with respect to control
sites. Then, we proposed a
new indicator of land deg-
the Non-
Evaporative Fraction Stand-
ardized (NEFS). NEFS can be
used across different cli-

radation risk:

matic regions, and has a
value range between O-1.
For instance, NEFS of 0.4 at
sites with topsoil losses
indicates that 40% less wa-
ter is being used with re-
spect to a hypothetical non-
degraded situation (Garcia
etal., 2008b).

We also identified a
feedback effect to the at-
mosphere from the largest
greenhouse area in the
world (26,000 ha) (picture
3) due to increases in sur-
face albedo. Using MODIS
data, we found that annual
radiative forcing (RF) due

to the expansion of green-
house horticulture is
twelve times stronger, and

Co,

radiative forcing. This may

contrary in sign to

have masked local warming
signals due to greenhouse
gases and may in part ex-
plain a significant decadal
trend in local surface air
temperature  of —0.3°C
(Campra et al., 2008, Na-
ture Geoscience News).

At the CSIC T also had
the opportunity to work at

Estacion Biologica de Do-
fana (EBD) in the Dept. of
Conservation Biology in
one of the most emblemat-
ic Spanish Natural parks. I
evaluated how modeled
evapotranspiration fluxes
of ecosystems with differ-
water-use

ent strategies

were affected by drought.

During 2004, annual rain-
fall was 75% lower than
the previous year, which
reflected
proportional reductions on

was in almost
ET from marshes and xero-
phytic shrublands. By con-
trast, an almost negligible
effect was found on pines
and dense shrublands as
they accessed groundwater
sources, resulting in annual
ET values that were three
times higher than annual
rainfall that year (Garcia et
al., 2009). In order to ex-
pand the results to 2000-
2009 a monitoring system
was proposed. As an indi-
cator of ecosystem resili-
ence, duration of effects
after a rainfall disturbance,
the period (lagged time)
during which precipitation
anomalies and ET anoma-

lies are significantly corre-
lated was used. The maxi-
mum value of the lagged
correlation (Pearson coeffi-
cient) was interpreted as an
indicator of ecosystem re-
sistance (intensity of ef-
fects) (Garcia et al. 2010).
In 2010 we started to in-
shrublands
site with sap flow, soil

strument the

moisture and radiation sen-
sors. Unfortunately, eddy
covariance data is still in
the process of being set up,
and hopefully model vali-
dation will come soon.
Only recently have I
started exploring the inter-
relationship between car-
bon and water fluxes, as
much can be gained from
modeling them in a cou-
pled approach (Houborg et
al., 2009). As a start, we
compared information
from field spectroradiome-
ter and thermal sensors
with physiological variables
(Licor-6400) in a tussock
grassland. We found that
the PRI and thermal stress
indices correlated best with
leaf conductance and tran-
spiration. For net CO, flux
(Fc) and Light Use Efficien-
cy (LUE) thermal indices
provided again some of the
But in

this case chlorophyll, carot-

best correlations.

enoids and canopy water
content indices provided
better correlations than the
PRI

2011).

(Domingo et al.,
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These results empha-
size the importance of using
different spectral regions
and thermal information to
characterize vegetation
functioning (Domingo et
al., 2011). It remains to be
seen what insights will be
revealed through the addi-
tion of ecosystem-scale
using  the
method
satellite

measurements
eddy

and airborne or

covariance

imagery, and through the
inclusion of other research
sites. This is why it is so
exciting to be involved in
an initiative such as

Specnet.
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The exchanges of car-
bon dioxide, water vapour
and energy measured by the
eddy covariance method are
emergent properties of the
ecosystem that, driven by
climate, arise from the in-
terplay of soil and vegeta-
tion (and in some cases also
macro-fauna). The charac-
teristics of plants, called
plant traits, should there-
fore be an obvious set of
data to complement eddy

covariance measurements.

Plant traits are the morpho-
bio-
chemical, physiological and

anatomical,

logical,

phenological features that plant height, rooting depth

are measurable at the indi- and root architecture and

vidual leaf level, like specif- ~ more general characteriza-

ic leaf area, leaf nitrogen tions such as plant growth

content, leaf photosynthesis form type and nitrogen

and respiration rates and,
stomatal conductance, but

also include whole plant

fixation capacity (Violle et
al., 2007). They reflect the

outcome of evolutionary

processes in response to
abiotic and biotic environ-

mental constraints

(Valladares et al., 2007),
and they determine how
primary producers respond
to environmental factors.
Plant traits should there-

Figure 1: Locations of the measurement sites in TRY (green) and in FLUXNET (red).

soil, climate and other site-
level data, help us to better
understand  ecosystem
functional properties, like

GPP,

tion or fluxes of latent and

ecosystem respira-

sensible energy.

We here want to ad-

characteristics, such as and community assembly  fore, in combination with  vertise a new global initia-

Figure 2: Trait variance explained by species or by f BSpecks  PFT
plant functional type (as commonly used in global 08 -

vegetation models). R fraction of variation explained

by species or by PFT, respectively. LL: leaf longevity, 0.6

SLA: specific leaf area, Nm: leaf nitrogen content per &

leaf dry matter; Pm: leaf phosphorus content per leaf 04 1
dry matter, Na: leaf nitrogen content per leaf area, 02 1
Amaxa: maximum photosynthesis rate per leaf area,

Amaxm: maximum photosynthesis rate per leaf dry o

matter content, AmaxN: maximum photosynthesis rate Gi j v oo & & e ! 'f j
per leaf nitrogen content (from Kattge et al. 2011). f q&
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tive on plant traits, called
TRY  (http://www.try-
db.org/), which has man-
aged to combine many of
the existing efforts - about
110 separate plant trait da-
tabases from 98 different
institutions - to produce a
global database that con-
tains 3 million trait records
for about 69 000 plant spe-
cies of the world’s =300
000 plant species (Figure
1). The database
vers about 1000 different

CO-

plant traits for all relevant
plant functional properties.
The

TRY initiative is an

ongoing project supported
by IGBP (the International
Geosphere-Biosphere Pro-
and DIVERSITAS

(International Program of

gram)

Biodiversity Science), with
the aim of making plant
trait data available for eco-
logical analyses and ecosys-
tem modeling.

A first analysis of the
TRY dataset that

most trait variation is be-

shows

tween species (Figure 2;
Kattge et al., 2011). How-
ever, for some traits, a
significant fraction of the

variation is observed within

species and can account for
up to 40% of the overall
variation. Plant functional
types (PFTs), as commonly
used in vegetation models,
also capture a substantial
fraction of the observed
variation for some traits,
while for other traits up to
75% of the variation is ob-
served within individual

PFTs.

most closely related to eco-

Some of the traits

system functional proper-
ties, like photosynthetic

capacity or leaf nitrogen

content, seem to fall into

lights the variability of
plant characteristics within
PFTs and as well between
eddy covariance sites of the
same PFT and probably
even within eddy covari-
ance sites. But note that
within a PFT, and between
and within sites there may
also be considerable varia-
tion in species composi-
tion, i.e. interspecific vari-
ability should play a signifi-
cant role. Hence, the TRY
database — with trait infor-
mation at species and even
individual level together

with  environmental

increasing predictive power?

Increasing specificity

Species@sites

measured traits

the latter group. This high- co-
IGBP-PFT
mean traits
TRY-PFT §§ Ecosystem
mean traits 2c functional
= properties
o E
Species “plain” 3 » GPPmax
mean traits = <=pE WUE;
22 - Alg
c = v
= gg » RUEmax
Species@sites E% g = TERo
expected S » dFlux/dClimate
mean traits =

Figure 3: Schematic approach to disentangle the impact of plant traits on ecosystem functional properties by a

stepwise adding of specific trait information. Developed at the TRY workshop 2011 (M. Reichstein/M. Bahn).
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variates — offers great po-
tential for interpretation of
ecosystem-level properties
derived from FLUXNET
observations (Figure 3). In
particular, an effect of plant
traits and climate on eco-
system fluxes may be disen-
tangled by co-analyzing the
TRY and FLUXNET data-
bases. A first joint project
of FLUXNET and TRY has
recently started to system-
atically explore the applica-
bility of the global plant
trait database in the context
of eddy covariance meas-
urements. The project still
welcomes additional part-
ners. In case of interest to
join the project, or use or
contribute plant trait data
database,

to the global

please contact the author.
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Introduction

After about a three
hours
Helsinki through a forested
landscape that is interrupt-

drive north from

ed by occasional fields and
lakes, one suddenly notices
a tall mast sticking out of a
conifer dominated forest.
This is the first sign that we
will soon arrive at one of
the global hot spots of stud-
ies on how terrestrial eco-
systems, including lakes and
wetlands, interact with the
atmosphere. Some kilome-
tres more and one arrives at
the University of Helsinki
forestry field station called
Hyytidld where the SMEAR
II (Station for Measuring
Ecosystem Atmosphere
Relations) is situated.
Hyytidld has been a focal
point of university level
forestry education in Fin-
land for more than 100
years, but in the last 20
years, the station has also
become a centre for studies
of ecosystem- atmosphere
The

offers year-round accom-

interactions. station
modation for app. 100 peo-
ple, kitchen services and
lectures, office and basic
laboratory premises to the
visitor.  Particular attrac-
tions of Hyytidld are the

two lakeside saunas and the

famous boreal dinner that
many scientists around the
world have experienced in
the dark boreal winter for-
est. The SMEAR station is
reached after a small hike
from the station yard and
one arrives in a forest in-
strumented like a patient in
intensive care.

The main idea of
SMEAR infrastructures is
continuous, comprehensive
measurements of fluxes,
storage and concentrations
of material and energy in

the land

atmosphere

ecosystemf
continuum.
The aim is to clarify how
different ecosystem pro-
cesses influence and inter-
act with atmospheric pro-
cesses. Simultaneous meas-
urements of several phe-
nomena in a forest ecosys-
tem and atmosphere at
different temporal and spa-
tial scales enables not only
the analysis of carbon, ni-
trogen and water circula-
tion, but also of how eco-
system emitted substances
contribute to atmospheric
chemistry. Both these sets
of processes are important
controls of climate change.
Due to the complexity of
the system, high demands
are placed on the instru-

mentation which works

continuously  year—round,
including through the dura-
tion of the northern harsh
winter -. An impression of
a forest in intensive care is
not far-fetched: A number
of log cabins are filled with

Site description

At the core of the
SMEAR II station (61°
51N, 24°17’E, 181 m
above sea level) is a Scots
pine (Pinus sylvestris L.)

instruments, with pipes  dominated stand that was
Vs
- I:r:l:" )l[;;- —"‘r-;.r:;__.‘-. . I:'_'_.-—'J-"\,--"';-I‘III
/| eysMEARI VG
) Ay [
|'-’. r, - __.-ﬂ'"'z_/. -—I\ I,.—{;‘:h‘
I/ [ _@SMEARIV Puijo
{__ /" { | ®SMEARIl Hyytidl4
—_ | -~ —@SMEARIIl Helsinki
|.____|:il‘:. I.; ! o IL—- I|l'.
. Mol [
:-:_'::"' h_--.l"'-_—'""_".-:.'_'L\ S
| jad

Figure 1: The SMEAR I measuring station was set
up in 1991 to measure the pollution fall-out to
Eastern Lapland from the mining industry in the
Kola-peninsula in Russia. The SMEARII in the
Scots pine forest is the most intensively equipped
SMEAR-station in Finland. The urban SMEAR III
station started in Helsinki in autumn 2004. The
Puijo measurement station in Kuopio joined the
SMEAR network in 2009.

and wires spreading like a

established in 1962 by sow-

spider web into the forest. ing after the area had first

A number of aluminium  been treated with pre-

measuring towers and the

scribed burning and light

127m tall steel mast give  soil preparation. Norway

access to the tree canopy  spruce (Picea abies Karst.)

and the atmospheric sur-  and some broadleaved

face layer. trees, mainly birches, as-
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pen and mountain ash have
naturally established at the
site since then. At close
proximity there are also
older spruce and younger
pine dominated stands mak-
ing the area as a whole very
representative of a typical
mosaic of managed forests
in South Finland. The forest
floor vegetation is dominat-
ed by lingonberry, blueber-
ry and mosses. The annual
mean temperature is 3°C
and precipitation 700 mm
(1960-2000). The station
represents boreal conifer-
ous forests, which cover
8% of the earth’s surface
and store about 10% of the
total carbon in terrestrial
ecosystems.

The main components
of SMEAR II are: the 127 m
tall instrumented mast
(extended from 73 m for
ICOS (Integrated Carbon
Observation System) GHG-
2010)

measurements in

with basic meteorological
measurements and gas pro-
files (7 levels), systems for
monitoring aerosols and air
chemistry, instrumentation

for monitoring tree and
soil functioning and radia-
instrumented

tion, two

mini water catchments,
two above-canopy and one
sub-canopy eddy covari-
ance (EC) measurement set
-ups, EC measurements
also for O;, BVOCS and
aerosol

number fluxes,

automatic chamber meas-
urements for CO,, H,O,
NOy, O;, N,O, CH,
BVOC fluxes and addition-

al flux measurements at a

nearby wetland, Siikaneva
fen and Lake Kuivajérvi.

Multipurpose
exchange
ments

gas—

measure-

The backbone of
SMEAR 1I

atmosphere exchange stud-

biosphere-

ies are the gas exchange
measurements done with
both eddy-covariance and
based methods
that have been running for

chamber

more than 15 years. The
particular feature of our
site is the continuous auto-
matic chamber measure-
ments. The instrumenta-
tion consists of soil, shoot
and trunk chambers, tubing
systems, gas analysers and a
control unit operating the
system automatically. The
chambers are dynamic, that
is, they are open most of
the time exposing the
chamber interior to ambi-
ent conditions. For meas-
uring fluxes, the chambers
are closed intermittently
for one or a few minutes
70—-100 times a day. Dur-
ing a closure, measure-
ments of gas concentrations
(CO,, H,0, 0O,, NO,
BVOCs), air temperature
inside the chambers and
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Figure 2: Diurnal patterns of component CO, fluxes and integrated compo-
nent fluxes upscaled from chamber measurements and NEE on selected two-
day periods in winter (26-27 February), spring (2-3 May), summer (12-13 Ju-
ly) and autumn (29-30 September) of 2004. Contemporary measurements of
soil and air temperatures and PAR are shown in the lowest panels. Negative
CO, flux values denote uptake of CO, by the ecosystem. Redrawn from Hari

and Kulmala (2008).

photosynthetically  active
radiation (PAR) outside the
chambers are performed.

Chamber

measurements

have allowed us to differ-
entiate the ecosystem flux
into component fluxes and

quantify the driving influ-

ence of light, vapour pres-
sure, temperature and soil
moisture (see Figure 2).
When compared with esti-

mation from the eddy-
covariance measurements
over the year, the up-
scaled photosynthesis from
chamber measurements can
explain  90-95% of the
variation in the momentary
photosynthetic rate of the
forest stand and also accu-
rately predict the annual
cumulative photosynthetic
production.  During  the
years 1997-2006 the annu-
al net ecosystem exchange
measured by the eddy co-
variance method varied
between -140 and -260 g
(C) m? . The forest floor
Vegetation accounted for
10-15% of the photosyn-
thetic production. About
60—70% of the stand’s res-
piratory fluxes originated
from below ground. Annu-
ally this means an efflux of
500-600 g (C) m” out of
which about 50% is esti-
mated to come from con-
sumption of recently syn-
thesized carbon in the rhi-
zosphere. In comparison,
the annual respiration of
Scots pine shoots totals
about 250 ¢ (C) m”’ and
that of woody tissues of
trees is about 100 g (C) m ”.

Quite
have measured the tem-

uniquely, we

poral dynamics of the pine
stand BVOC

with a

emissions

dynamic  shoot
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chamber system and eddy
covariance flux measure-
ments for several years.
BVOCs, together with NO,
and Oj that are also meas-
ured with shoot chambers,
contribute to the formation
of secondary aerosols which
is very intensively studied
at SMEARII. We find that
the fast time-response on-
line measurements (PTR-
MYS) of monoterpene emis-
sions and fluxes and the
conventional adsorbent

sampling of emissions and

atmosphcric concentrations
agree well, and indicate
that Scots pine monoter-
pene emissions follow am-
bient temperature at annu-
al scale. However, the
analysis has also shown
interesting, high emission
periods during spring and
autumn when the Scots
pines are switching be-
tween the summer and
winter activity stages. We
have also found that the
growing needles have a

large contribution to cano-

py scale BVOC flux in ear-
ly summer. Emissions of
methanol and acetone from
pine needles are also signif-
icant during this period.
However, the seemingly
homogeneous pine stand
shows huge variability in
the compound spectrum
that is emitted from tree to
tree. This has a tremendous
influence on air chemistry
within and above the cano-
Py-

The temporal variabil-

ity of fluxes of the long-
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Figure 3: Monthly averages of methane emissions (upper picture), soil tem-
perature and water table depth (lower picture) at Siikaneva wetland during
2005-2009. (Rinne, et al. 2010).

lived greenhouse gases CH,
and N,O are also measured
at the SMEAR 1I station by
an automatic closed cham-
ber system. These auto-
matic measurements are
further linked to the soil
CH,, N,O and CO, con-
centrations measured in the
soil profile underneath the
chamber.

From stand to land-

scape

Even though terrestrial
and aquatic parts of ecosys-
tems are often studied sep-
arately, they are closely
connected. For  studying
the functioning of the car-
bon cycle, it is necessary to
understand how carbon
enters and leaves the soil.
Although, globally it is esti-
mated that the loss of ter-
restrial organic carbon to
rivers is equivalent to 10 %
of the net ecosystem pro-
duction, there are only a
few streams and rivers
where CO, fluxes have
actually been analyzed. At
SMEAR II, we have started
to study how carbon moves
through the terrestrial-
aquatic continuum at
the landscape scale by com-
bining the eddy covariance

method and direct CO,
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concentration measure-
ments in Lake Kuivajérvi
and stream waters and in
the littoral zone. In addi-
these

ments, water samples for

tion to measure-
oxygen gradients and pH
are taken, and, water tem-
perature and meteorologi-
cal variables are measured.
The fluxes are monitored
also by chambers on a cam-
paign basis.

To complete the pic-
ture at the landscape scale,
we also study fluxes at the
large wetland,
Sitkaneva, close to Hyytidla

pristine

(10 minutes drive). One
EC set-up has been in use
for measuring CO,, H,0
and CH, since 2005 at the
fen-type place and another
set-up started its operation
in the summer in 2011 at a
site. with bog characteris-
tics, so results for this site
are pending. The auxiliary
measurements include me-
teorological variables, peat
temperature, water table
depth and oxygen concen-
tration. The fluxes are also
monitored by chambers on
a campaign basis and peat
columns have been sam-
pled. The methane emis-
sions show strong seasonal
dependence; they are low
in the wintertime although

not zero. Rinne et al.

(2007) found strong de-
pendence of flux size on
the peat  temperature,
which is strongly correlat-
ed with water table depth,
and can vary several tens of
short
time periods, (Figure 3).
CO,
more (annually about four
times) than methane to the
carbon balance and the fen

centimetres over

contributes much

site is annually a carbon
sink. The annual carbon
sink of the fen is only about

1/5 of that for the nearby
Hyytidld pine forest.

Water and nitrogen flows
The

phere interaction and ma-

ecosystem— atmos-
terial transport at water-
shed level cannot be under-
stood without knowing the
local ~water cycle. At
SMEAR II we measure the
stand water balance. Two
adjacent micro-catchments
(900 and 300 m?) enclosed
by two dams continuously
measure precipitation,
throughfall, snow depth,
evaporation, transpiration,
run off and changes in soil
water storage. For transpi—
ration and evaporation, the
same measuring setup as
for carbon is used but also a
number of sap-flow and
stem water status measure-

ments are made to high-
light the role of trees. The-
se measurements allow
continuous and accurate
measurement of the drain-
age flux and quantify the
stand water balance. This
information is used at wa-
tershed level to estimate
drainage fluxes to Lake
Kuivajirvi  down-stream,
and for comparison with
water flow measurement of
main streams ﬂowing into
Lake Kuivajarvi.

Along with gaseous
components of the nitro-
gen cycle we have followed
other N- input—output pro-
cesses at the mini water-
shed scale as well. Our
show that

currently, the N entering

measurements

the forest by N deposition

or N fixation satisfies a
significant part (about a
quarter) of the seasonal
nitrogen demand of plants,
and is cycled tightly within
the forest. Only a minor
nitrogen fraction is lost
from the system in the
form of emissions of N,O
from the soil, or through
the loss of organic or min-
eral N with drainage flow.
A large part of the N de-
posited from the atmos-
phere is in the organic form
(DON), a group of com-
pounds that are often ne-
glected in the N deposition

measurements.
Optical measurements

The interpretation of the
optical data and its use in

Siikaneva Wetland Site
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up-scaling is a topic of in-
tensive research at our site.
At SMEAR-II,
chlorophyll

leaf-level
fluorescence
has been measured at a high
temporal resolution since
2007,

ment characterises the an-

and this measure-

nual dynamics of leaf accli-
mation to the light reac-
tions of photosynthesis.
Simultaneously, PRI, NDVI
and passive fluorescence
have been monitored at the
tower level through our
network of collaborators
(C. Nichol. University of
Edinburgh, and L. Eklundh,
Lund University). The de-
velopment by the trees
from wintertime dormancy
to summer activity has
proven to be a particularly
interesting period. It marks
a time when we observe
very strong changes in the
optical properties of the
evergreens that correspond
with strong changes in their
photosynthetic  capacity.
Furthermore, during this
period of rapid phenologi-
cal development, we also
register peaks in the Scots
pine VOC emissions and
consequently, the annual
peak of aerosol forming
events in early spring.

Final remarks

Climate change is one
of the biggest challenges of
our time, but the role of
ecosystem-

feedbacks in
climate change impacts is

atmosphere
modifying

still incompletely under-
stood. The SMEARII sta-
tion has shown that signifi-
cant new understanding
can be gained with simulta-
neous measurements of a
wide range of atmospheric
and ecosystem processes.
One reason for this is that
plant behaviour is simulta-
neously influenced by vari-
ous atmospheric, meteoro-
logical and soil drivers and
following only e.g. carbon
cycle would give an incom-
plete picture of the interac-
tion. The research con-
ducted in SMEARII is a
result of a very close co-
operation between physi-
cists and forest ecologists.
Over the years, the meas-
urements at SMEAR I sta-
tion have contributed to
over 20 Nature and Science
papers. Another important
part in advancing our un-
derstanding is to make the
data available to the inter-
national scientific commu-
nity through open data pol-

icies and short delays on

SMEAR 1I
station only tells the story

data release.

of one particular site.
However, when the data is
combined with similar sta-
tions in different parts of
the world, insights at the
global scale start to

SMEAR 1I has

been an active partner in

emerge.

Fluxnet since its beginning.
Through various network
projects such as ICOS and
IMECC our data becomes
available in near-real-time
to data users. Finally, it is
needless to say that provi-
sion of continuous good
quality data from different
instruments places a high
demand on the technical
design and maintenance of
the instruments. At
SMEAR 1II, we have been
blessed with skillful and
committed technical staff
who actively develop the
measuring setup and
guarante its functioning.
The importance of their
contribution should not be
forgotten when the new
findings from the measure-
ment network emerge.
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