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E d i t o r i a l
Most of this second issue of the iLEAPS Newsletter is dedicated to the events organized by iLEAPS in Boulder, 

Colorado, USA in January 2006. The first article by Daniel Rosenfeld, however, is a “bonus” paper stressing the importance 
of future joint IGBP-WCRP activities related to aerosol-cloud-precipitation-climate (ACPC) interactions. Land surface prop-
erties and atmospheric aerosols have a profound effect on precipitation processes and consequently also on Earth’s ther-
modynamic and radiative energy budgets. With major gaps in our understanding of some key components of the climate 
system, particularly the Earth’s energy budgets and hydrological cycle, a detailed analysis of future climate scenarios is elu-
sive. During 2007, a large IGBP-WCRP workshop (co-organized by several IGBP and WCRP projects) will be arranged with 
the aim to bring communities together to identify gaps and testable hypotheses, and to define areas of collaborative 
research that could be elements of a cross-cutting joint project. In accordance with the integrative iLEAPS approach, the 
workshop will engage experimentalists and modelers, from process-level to Earth System scientists. 

The 1st iLEAPS Science Conference, followed by the iLEAPS Specialist Workshop on Flux Measurements in Difficult 
Conditions, was organized at NCAR’s Center Green Campus in Boulder, January 2006. The conference, based on the 
guidelines set by the scoping iLEAPS Open Science Conference in 2003 in Helsinki, Finland, brought together 328 regis-
tered participants from 31 countries (see Fig). The conference topics ranged from the process level to the Earth System per-
spective in five successive sessions, in all 67 oral presentations and 164 posters. The conference was a truly cross- and 
multi-disciplinary meeting on land-atmosphere interactions. The participants experienced the integrative mix of measure-
ments and modelling at various scales, with research results from all over the world — tropical forests, the boreal region, 
arctic and subarctic areas, managed grasslands and crops, urban environ-
ments, for example. 

This newsletter features nine articles from the conference, descriptions 
of research from early career scientists’ award-winning posters, and summa-
ries from the conference and workshop, prior to publication of journal special 
issues in Tellus B and Ecological Applications, respectively. The articles in this 
issue are specimens from the large number of great science papers presented 
during the five sessions; iLEAPS welcomes the conference participants, along 
with all researchers engaged with the land-atmosphere interface, to actively 
suggest articles for iLEAPS Newsletter. 

The iLEAPS Specialist Workshop on Flux Measurements in Difficult 
Conditions gathered 110 scientists to discuss unresolved issues of great 
importance in land-atmosphere interactions, for example lack of energy bal-
ance closure during daytime, nighttime respiration and stably stratified flows, 
and advection, with the aim for synthesis, quantification, modelling and correc-
tion of measurements in difficult conditions. A summary from the workshop will 
be published in the Bulletin of American Meteorological Society.

In addition to the scientific program, the early career scientists had spe-
cial program arranged, including a pre-welcome party, guided excursion to 
downtown Boulder nightlife, a sports event, a career centre, and lunch with 
senior scientists. The junior scientists engaged a senior colleague from each 
session during lunch for scientific, science policy, educational and whatnot dis-
cussions. The blueprint for the junior scientists’ program was adopted from the 
2004 IGAC New Zealand conference and was also one of the reasons why 
this conference attracted a large number of early career scientists. Thanks to 
the conference sponsors, iLEAPS facilitated 25 junior scientists’ travel to 
Boulder, especially from developing countries. 

We gratefully acknowledge the conference sponsors and exhibitors, 
UCAR and NCAR (Atmospheric Chemistry Division, Institute for Integrative 
and Multidisciplinary Earth Studies), China Association for Science and 
Technology (CAST), National Research Foundation of South Africa, Dekati, 
Particle Instruments LLC, Vaisala, TSI, University of Helsinki (Finland), and 
National Program of Climate Change and Spatial Planning (The Netherlands) 
for interest and support. 

On all accounts, the events were a great success! The iLEAPS SSC 
and IPO thank again all the participants, local organizers, sponsors, and 
exhibitors for a remarkable conference and workshop, fruitful events in a long 
series of iLEAPS events to come. 

iLEAPS invades Boulder
Execut ive Director Anni  Reissel l
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The aerosol-c loud-precipi tat ion-
cl imate l inks
Daniel  Rosenfeld 

The Hebrew University of Jerusalem, Israel

There is mounting evidence that land surface 
properties and atmospheric aerosol particles have a 
profound impact on Earth’s thermodynamic and radia-
tive energy budgets by affecting precipitation proc-
esses. Large concentrations of sub-micron aerosols 
act as small cloud condensation nuclei (CCN) that 
produce large concentrations of small cloud drops 
which are slow to coalesce into raindrops. The 
decrease in cloud drop size also delays the formation 
of ice in the cloud to lower temperatures. This can 
lead to suppression of precipitation in shallow and 
short-lived clouds, as form during winter over topo-
graphical barriers, and subsequently to decreased 
water resources in semi-arid regions. Manifestations 
of these processes are observed in all clouds, from 
the shallow marine stratocumulus, through the mod-
est rain clouds over land in the extra-tropics, to the 
deepest tropical convective clouds over the Amazon 
and equatorial oceans.

A newly proposed mechanism [1] shows how 
aerosols play a central role in determining the dynamic 
structure and cloud regime of the marine boundary 
layer (MBL). The mechanism includes the impacts of 
aerosols on precipitation and the feedbacks on cloud 
dynamics and aerosol deposition. The dynamic struc-
ture of the weakly sheared atmospheric MBL supports 
three distinct cloud cover regimes associated with 
CCN aerosol concentrations in the MBL: (i) CCN rich 
MBL with closed Benard cellular convection forming a 
nearly full cloud cover; (ii) CCN depleted MBL with 
open cellular convection forming < 40% cloud cover; 
and, (iii) CCN starved MBL where clouds cannot form 
due to insufficient CCN. Fig. 1 demonstrates the con-
trol of aerosols on the three regimes.

We propose that by suppressing precipitation 
aerosols can reverse the direction of airflow, convert-
ing cloud structure from open to closed cells and more 
than doubling the cloud cover. The three above men-
tioned CCN states possess positive feedbacks for self 
maintenance, therefore small changes in the condi-
tions can lead to bifurcation of the MBL cloud regime. 
The transition between the closed and open cells 
occurs at near pristine background aerosol concentra-
tions, creating a large sensitivity of cloud radiative 
forcing to very small changes in aerosols at the MBL. 
The third state of super clean air can occur as the 
more efficient precipitation in cleaner air deposits the 
aerosols ever faster in a runaway positive feedback 
process. The proposed mechanism suggests that very 
small changes in the aerosol concentration in the MBL 

Figure 1. MODIS satellite image illustrates the relationship 
between aerosols, microstructure and dynamics of marine 
stratocumulus clouds off the west coast of California on 26 
June 2003 19:40 GTM. The colors correspond to the cloud 
drop effective radius (re) assumed to reflect CCN 
concentrations. This assumption is supported by ship tracks 
with reduced re. Ship tracks in the area of closed cells are 
distinguished by the reduced re with respect to the already low 
re background, without any additional observable change in 
the structure of the clouds. The same ship tracks that extend 
to the area of the open cells maintain their dynamic structure 
of closed cells and the small re < 15 µm. This nature of the 
ship tracks is maintained even when they extend to areas that 
are completely cloud free, hence demonstrating that these 
areas became cloud-free due to lack of CCN, apparently due 
to a runaway rainout process.

iLEAPS Newsletter 2/2006  May                        3

S c i e n c e



H
ei
gh
t,
km

West East

Zone

ratio

Figure 2. A satellite analysis of cloud microstructure over southern California during the post frontal phase of a winter 
storm with shallow potential rain clouds developing over the hills. The image was taken by NOAA-16, 11 January 2005, 
22:16 GMT. The color scheme is red for the visible reflectance, green for 3.7 µm solar reflectance component (higher 
green for clouds with smaller cloud drop effective radius re, which are hence colored yellow), and blue for temperature. 
The inset graphs show the dependence of re on cloud top temperature (T,˚C, a surrogate for cloud top height). 
Downwind of Los Angeles and San Diego, re is reduced below the precipitation threshold of 15 µm. Radar measurements 
confirmed that the clouds with reduced re were devoid of precipitation, whereas the clouds elsewhere precipitated.

Figure 3. A topographic cross section showing the effects of urban air pollution 
on precipitation as the clouds move from the west coast eastward to the Sierra 
Nevada mountains (California, USA) and to the eastern slopes. The boxes 
present the amount of annual precipitation (mm yr-1) in each location, and the 
numbers above boxes show the loss or gain of precipitation (mm yr-1) at each 
site. Maritime air (zone 1) is polluted over coastal urban areas (zones 2, 3), 
with no decrease in precipitation. Polluted air rises over mountains downwind 
and forms new polluted clouds (zone 4), with decrease of 15%–20% (losses of 
220 mm yr-1) in the precipitation ratio of the western slopes to the coastal and 
plain areas. The clouds reach the high mountain area (zone 5), where all 
precipitation is snow, with a slight decrease of 5%–7% (loss of 65 mm yr-1) in 
the ratio between the summits and the plain areas. The clouds move to the 
high eastern slopes of the range (zone 6), with an increase of 14% (gain of 66 
mm yr-1) in the ratio between the eastern slopes and the plain. The net loss is 
dominant [2].

can have large impacts on the oce-
anic cloud cover and consequently on 
the global temperature, in ways not 
yet accounted for in climate models.

The suppression of precipita-
tion due to anthropogenic aerosols 
has been shown to lead to net loss of 
precipitation [2,3] in the typically shal-
low and short-lived orographic winter 
clouds. This was documented by in 
situ aircraft measurements, remote 
sensing by radar and satellite (Fig. 2), 
and by time series of rain gauge data 
(Fig. 3).

In deep convective clouds with 
warm bases, such as prevail in the 
tropics and during summer in the mid-
latitudes, the delayed precipitation 
due to increase of smaller droplets 
may cause the condensates to 
ascend to the supercooled levels 
instead of raining out earlier by proc-
esses that do not involve the ice 
phase. By not raining early, the con-
densate form ice hydrometeors that 
release the latent heat of freezing 
aloft and take back the heat at lower 
levels during melting. The result 
would be more upward heat transport 
for the same amount of surface pre-
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cipitation [4]. The consumption of 
more static energy for the same pre-
cipitation amount would then be con-
verted to equally greater amount of 
released kinetic energy that invigor-
ates the convection and would lead to 
a greater convective overturn, more 
precipitation and deeper depletion of 
the static instability (Fig. 4). 

Satellite studies indicate large 
positive relations between cloud 
cover and aerosol optical depth asso-
ciated with strong negative radiative 
forcing at the top of the atmosphere 
[5]. If it is not an artefact, it cannot be 
reconciled without some additional 
compensating mechanism such as 
positive forcing due to enhanced 
water vapour in the upper tropo-
sphere and lower stratosphere due to 
invigorated convection.

The issues described above 
are of fundamental importance and 
illustrate major gaps in our 
understanding of the key components 
of the climate system, specifically the 
Earth’s energy budgets and the 
hydrological cycle, and hamper the 
analysis of future climate scenarios. 
The bulk of the CCN aerosols that 
cause anthropogenic perturbations of 

Figure 4. A model-simulated time evolution of radar reflectivity in pristine conditions (left panels) and in polluted 
aerosol-rich conditions (right panels) during the same subtropical summer sounding in southeastern USA. A squall line 
develops in the microphysically continental conditions [6].

climate originate from combustion 
processes, including biomass and 
fossil fuel burning. 

The links between aerosols, 
clouds, precipitation, and climate are 
central to the missions of IGBP and 
WCRP, and warrant the attention of 
both programs in a major way to 
foster deeper and quantitative 
understanding, and to develop 
mitigation strategies. These 
communities will together organize a 
large workshop on aerosol-cloud-
precipitation-climate (ACPC) inter-
actions to discuss the state of the art, 
define gaps and hypotheses such as 
presented here that address these 

gaps, and subsequently develope 
strategies to close the gaps. It is 
envisioned that this will lead to the 
design and coordination of a major 
field campaign to document the 
various links of ACPC and conduct 
closure studies at a scale that is 
meaningful for global circulation 
models. The process of the definition 
and organization of the ACPC 
workshop is still in its formative stage. 
This report will hopefully facilitate the 
participation of the larger community 
in this process.

daniel.rosenfeld@huji.ac.il
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(Stordalen)

Land-atmosphere exchange 
of trace gases carbon dioxide (CO2) 
and methane (CH4) has attracted sci-
entific interest since the middle of the 
20th century. More recently, ecosys-
tems at northern latitudes have been 
acknowledged to be of great impor-
tance for the global carbon balance 
as it has been found that the northern 
hemisphere acts as a stronger CO2
sink than believed [1]. Several 
authors have addressed the question 
of the stability of the large soil carbon 
pool stored in this region. Abundant 
peat-forming wetlands in the high 
northern latitudes are estimated to 
hold up to 30 % of the total terrestrial 
soil carbon. This carbon sink capacity 
has been consistent since the end of 
the last glacial termination due to cool 
and wet conditions. At the same time, 
northern peatlands are considered to 
be one of the largest natural sources 
of atmospheric CH4 due to anaerobic 
soil conditions. When evaluating the 
sensitivity of northern peatlands to cli-
mate change it is therefore important 
to account for the land-atmosphere 
exchange of both CO2 and CH4. 
Increase of CO2 and CH4 emissions 
from peatlands is generally observed 
with rising temperature but the emis-
sion patterns of the two gases differ 
when hydrological changes are taken 
into consideration. CO2 emission gen-

erally decreases at high water table 
levels (anaerobic soil conditions stim-
ulated) as opposed to CH4 emission, 
which will increase for the same rea-
son. The opposite response happens 
if the water table is lowered (aerobic 
conditions): CH4 emission decreases 
and CO2 increases. 

A large portion of the Arctic and 
subarctic terrestrial areas is underlain 

by permafrost but at low altitudes in 
the subarctic area permafrost is 
restricted to peatlands. A general 
warming trend during the last dec-
ades has been observed concurrently 
with thawing of permafrost and 
deeper active layers (Fig. 1), a finding 
that has implications for both the 
physical stability and the biological 
dynamics of these peatlands. 

Figure 1. The anomaly of active layer (AL) depth in meters from the Abisko 
area in northern Sweden and the anomaly of mean temperature during June-
September (JJAS) in °C (used as a substitute for the accumulated thawing 
degree days). 

Vegetat ion changes in northern 
peat lands, greenhouse gas 

f luxes, and net radiat ive forc ing
Torbjörn Johansson

GeoBiosphere Science Centre, Lund University, Sweden

Torbjörn Johansson obtained his MSc in Physical Geography from Lund University, Sweden in 2000. In December 
2001 he started his PhD research under the supervision of Prof. Torben R. Christensen at the GeoBiosphere Science 
Centre, at the Department of Physical Geography and Ecosystems Analysis of Lund University. His research interest 
covers trace gas exchange in connection with the stability of permafrost and vegetation changes in the subarctic. 

S c i e n c e
 f r o m  t h e  1 s t  i L E A P S  S c i e n c e  C o n f e r e n c e
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Figure 2. The average GHG flux estimates from a mixed-mire in northern 
Sweden (Stordalen) calculated as carbon equivalents using the Global 
Warming Potential method at three time horizons (20, 100, and 500 years).The 
exponential fit shows that the mire acts as a source when using the estimate 
from year 2000 (1970) until calculating the radiative forcing at a 191 (163) 
years horizon. 

Peatlands underlain by permafrost 
are more likely to change into a wet-
ter hydrological state with a concomi-
tant establishment of new vegetation 
community structures following per-
mafrost degradation. This trend is evi-
dent in northernmost Sweden where 
the ratio between wet and dry vegeta-
tion types has changed in the so-
called palsa- and mixed mires during 
the last 30 years, with an acceleration 
towards wetter conditions after mid 
1980s [2,3]. The same trend has 
been observed in other parts of the 
subarctic region in Scandinavia, 
Siberia, and North America. These 
changes in vegetation distribution 
may impose important feedback 
mechanisms in a changing climate by 
altering the exchange of energy and 
greenhouse gases (GHG) between 
land and the atmosphere; since it is 
previously known that GHG exchange 
between northern peatlands and the 
atmosphere is dependent on plant 
species composition.

Upscaling estimates using 
chamber flux measurements of CO2
and CH4 and aerial images suggest 
that vegetation changes have 
increased the CO2 sink capacity con-
currently with increased CH4 emis-
sions. On a carbon-to-carbon basis, 
the increase in CO2 sink is larger than 
the increase in CH4 source [4]. But 
when taking into account the higher 
radiative forcing of CH4 by using the 
commonly used global warming 
potential methodology to calculate 

CO2-equivalents, the net effect of the 
GHG exchange (CO2 and CH4 fluxes) 
in the atmosphere is reversed inde-
pendent on time horizon, 20 or 100 
years [4] (Fig. 2). These results sug-
gest that peatland areas with thawing 
of sporadic or discontinuous perma-
frost are likely to act as larger green-
house gas sources over the growing 
season today than a few decades 
ago due to increase in CH4 emissions 
[4].

torbjorn.johansson@nateko.lu.se

iLEAPS at 
IUGG 
International Union 
of Geodesy and 
Geophysics XXIV 
General Assembly, 
2-13 July 2007
Perugia, Italy

Co-sponsored Work-
shop: Interactions 
between snow, veg-
etation and the at-
mosphere

iLEAPS Symposium: 
Interactions of land 
cover and climate

www.IUGC2007Perugia.it
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Land ecosystem-atmosphere 
VOC emissions: are we missing 

anything?
Alex Guenther

Earth System Science Laboratory, 
National Center for Atmospheric Research, Boulder, CO,USA

tion of all VOC species to the total 
phytogenic VOC emission. The 
annual global phytogenic methane 
emission estimated by [1] ranges 
from 62 to 236 Tg. Our extrapolation, 
using the emission factors and tem-
perature response reported by [1] and 
the Model of Emissions of Gases and 
Aerosols from Nature, MEGAN [2], 
results in an annual global emission 
between 34 and 56 Tg CH4 y

-1. This is 
still a significant component of the 
methane budget and would mean that 
methane is a major contributor to the 
total VOC emission from vegetation 
since only a few VOC (isoprene, 
methanol, and acetone) are emitted 
at these rates or higher.

Living tissues of terrestrial 
plants contribute over half of the 
approximately 2 Pg (1015 g) of Volatile 
Organic Compounds (VOC) emitted 
into the atmosphere every year. 
Automobiles, chemical manufactur-
ing, microbes, fires and decomposing 
organic matter are among the other 
sources. There are hundreds of differ-
ent phytogenic VOC but most are a 
very small fraction of the total flux. 
The widely recognized importance of 
isoprene, a C5 hydrocarbon, is well 
justified since it comprises nearly half 
of the total VOC emission from plants. 
The monoterpenes, a group of C10 
hydrocarbons, individually contribute 
a few percent or less of the total phy-
togenic emission but together may be 
responsible for 5 to 10%. The impor-
tance of oxygenated VOC emissions, 
including methanol which contributes 
>10% of the total, was recognized 
only in the past decade. Emission 
estimates of these “known” VOC are 
still uncertain and developing an 
improved understanding of the proc-
esses controlling emissions of these 
compounds continues to be an active 
area of research. However, recent 
studies have suggested that we may 
be completely missing emissions of 
some VOC including low reactivity 
(e.g. methane) and very reactive (e.g. 
some terpenoids) compounds. 

Keppler et al. (2006) [1] 
observed significant emissions of 
methane from living plant tissues. 
This is a surprising finding consider-
ing the major efforts that have gone 
into quantifying individual compo-
nents of the global methane budget 
and highlights the need for more sys-
tematic investigations of the contribu-

 Di Carlo et al. (2004) [3] 
were unable to account for the 
observed OH reactivity above a forest 
canopy in northern Michigan and con-
cluded that emissions of unknown 
biogenic VOC were the most likely 
candidates for this “missing OH reac-
tivity”. The biogenic VOC flux required 
to produce the missing reactivity was 
a large value compared to the flux of 
known biogenic VOC. Kurpius and 
Goldstein (2003) [4] examined indi-
vidual components of the ozone flux 
to a pine plantation and hypothesized 
that a large flux of unknown biogenic 
VOC (an order of magnitude higher 
than the known VOC) was needed to 
explain the observed ozone depletion 

Figure 1. Comparison of total ozone reactivity (cary-equiv ppb is the sum of 
the concentration of all compounds multiplied by their ozone reaction rate and 
normalized by the β-caryophyllene ozone reaction rate) of a Red Oak (Quercus 
rubra) enclosure air measured using a total ozone reactivity analyzer (A. 
Guenther, unpublished data) and from a combination of GC-MS (J. Ortega, 
unpublished data) and PTR-MS (T. Karl, unpublished data) measurements. 

Alex Guenther is a senior scientist and section head in the Earth System Science Laboratory of the National Center 
for Atmospheric Research (NCAR). He has been measuring and modelling biogenic emissions of reactive gases for 
more than 20 years and is the author of over 100 peer reviewed publications on biogenic VOC and related research 
topics. He has led more than 30 biogenic emission field studies on five continents and has developed several gen-
erations of biogenic emission models.
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near the surface. 
We are using two approaches 

to characterize biogenic emissions of 
very reactive compounds from vege-
tation canopies. Branch enclosure 
techniques are used to compare the 
results of GC-MS (gas 
chromatography/mass spectrometry) 
and PTR-MS (proton transfer reaction 
mass spectrometry) analysis with 
total ozone reactivity analyzer (Model 
400, 2B Technologies, Boulder CO, 
USA) measurements. The total ozone 
reactivity analyzer measures the 
depletion of ozone due to compounds 
in sample air. Fig. 1 shows that the 
GC-MS plus PTR-MS analysis can 
account for about half of the ozone 
reactivity of red oak emissions. Future 
enclosure studies will include OH 
reactivity measurements (e.g. [3]). 
Above canopy flux measurement 
techniques cannot quantify emissions 
of very reactive compounds that do 
not escape from the canopy. We have 
characterized whole canopy fluxes of 
these compounds using observations 
of vertical concentration profiles (e.g., 
[5]). Fig. 2 shows estimates of these 
fluxes at the same forest canopy in 
Michigan investigated by [3]. These 
branch and canopy scale studies 
show that very reactive VOC (e.g., β-
caryophyllene) that were not included 
in previous VOC emission models are 
a significant component of total bio-
genic VOC emissions. However, 
when biogenic VOC emissions esti-

mates were revised to account for mates were revised to account for 
these emissions, the total emission these emissions, the total emission 
was still within the uncertainty range was still within the uncertainty range 
of previous VOC emission model esti-of previous VOC emission model esti-
mates. Uncertainties in the chemical mates. Uncertainties in the chemical 
speciation of the total emission can speciation of the total emission can 
have a significant impact on regional have a significant impact on regional 
atmospheric chemistry simulations atmospheric chemistry simulations 
since different VOC can have very dif-since different VOC can have very dif-
ferent oxidant and particle yields. ferent oxidant and particle yields. 

Figure 2. Isoprene, total monoterpenes, total sesquitepenes and the homoterpene, dimethyl nonatriene (DMNT), fluxes 
estimated for each canopy layer based on vertical concentration profiles observed at the University of Michigan 
Biological Station (T. Karl et al., unpublished data). The canopy total flux can be estimated by integrating the fluxes 
estimated for each canopy layer.

1. Keppler, F., Hamilton, J. T. G., Braß, M., 1. Keppler, F., Hamilton, J. T. G., Braß, M., 
and Röckmann, T., 2006.  Methane emissions and Röckmann, T., 2006.  Methane emissions 
from terrestrial plants under aerobic condi-from terrestrial plants under aerobic condi-
tions. Nature, 439, 187-191, doi: 10.1038/tions. Nature, 439, 187-191, doi: 10.1038/
nature04420.
2. Guenther, A., Karl, T., Harley, P., Wiedin-2. Guenther, A., Karl, T., Harley, P., Wiedin-
myer, C., Palmer, P., and Geron, C., 2006. myer, C., Palmer, P., and Geron, C., 2006. 
Estimates of global terrestrial isoprene emis-Estimates of global terrestrial isoprene emis-
sions using MEGAN (Model of Emissions of sions using MEGAN (Model of Emissions of 
Gases and Aerosols from Nature). Atmos-Gases and Aerosols from Nature). Atmos-
pheric Chemistry and Physics Discussions, pheric Chemistry and Physics Discussions, 
6, 107-173.
3. Di Carlo, P., Brune, W.H., Martinez, M., 3. Di Carlo, P., Brune, W.H., Martinez, M., 
Harder, H., Lesher, R., Ren, X.R., Thornberry, Harder, H., Lesher, R., Ren, X.R., Thornberry, 
T.,  Carroll, M.A., Young, V., Shepson, P.B., T.,  Carroll, M.A., Young, V., Shepson, P.B., 
Riemer, D., Apel, E., and Campbell, C., 2004. Riemer, D., Apel, E., and Campbell, C., 2004. 
Missing OH reactivity in a forest: Evidence for Missing OH reactivity in a forest: Evidence for 
unknown reactive biogenic VOCs. Science, unknown reactive biogenic VOCs. Science, 
304, 722-725.
4. Kurpius, M.R., and Goldstein, A.H., 2003. 4. Kurpius, M.R., and Goldstein, A.H., 2003. 
Gas-phase chemistry dominates OGas-phase chemistry dominates O3 loss to 
a forest, implying a source of aerosols and a forest, implying a source of aerosols and 3a forest, implying a source of aerosols and 3

hydroxyl radicals to the atmosphere. Geo-hydroxyl radicals to the atmosphere. Geo-
physical Research Letters, 30, 1371.physical Research Letters, 30, 1371.
5. Karl, T., Harley, P., Guenther, A., Rasmus-5. Karl, T., Harley, P., Guenther, A., Rasmus-
sen, R., Baker, B., Jardine, K., and Nemitz, sen, R., Baker, B., Jardine, K., and Nemitz, 
E., 2005. The bi-directional exchange of oxy-E., 2005. The bi-directional exchange of oxy-
genated VOCs between a loblolly pine (genated VOCs between a loblolly pine (Pinus 
taeda) plantation and the atmosphere. Atmos-) plantation and the atmosphere. Atmos-
pheric Chemistry and Physics, 5, 3015-3031.pheric Chemistry and Physics, 5, 3015-3031.
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Major interests concerning 
atmospheric aerosols are their possi-
ble effects on health and climate. The 
current atmosphere is polluted by 
large anthropogenic emissions of e.g. 
sulfur and nitrogen compounds, esti-
mated to be of the same magnitude 
as natural emissions. It is thus likely 
that the characteristics of atmos-
pheric particles are significantly 
altered compared to a non-polluted 
atmosphere, especially over major 
parts of the continents. Lately, we 
have focused on achieving better 
understanding of natural emissions 
and basic atmospheric processes to 
facilitate a description of the natural 
atmosphere. The actual anthropo-
genic effect on the atmospheric con-
stituents can then be deduced and 
possibly quantified to obtain better 
understanding of the anthropogenic 
influences on climate and health. 

We have focused on the boreal 
forest, on how the atmospheric parti-
cles form and evolve over this forest. 
Long-term studies of aerosol forma-
tion and transformation processes 
have been performed at several 
measurement sites in the northern 
European boreal region. An extensive 
measurement network has since 
1996 evolved in the Scandinavian 
countries in very close collaboration 
between the Stockholm University, 
the Finnish Meteorological Institute 
and the University of Helsinki. 

The role of new particle forma-
tion has been extensively studied 
within the Nordic measurement net-
work, which is a part of the Nordic 
Centre of Excellence BACCI 
(Biosphere-Atmosphere-Cloud-
Climate Interactions). Some of the 

stations in the existing Nordic meas-
urement network are representative 
of the background boreal forested 
environment, an ecosystem wide-
spread in Scandinavia, Europe, North 
America as well as parts of Asia. At 
some measurement sites, anthropo-
genic activities are at a minimum in 
certain wind sectors providing the 
possibility to investigate undisturbed 
background particle properties and 
processes representative of the pris-
tine boreal environment. 

One question that has received 
much attention is the contribution of 
biogenic emissions to new particle 
formation. Given the vast extent of 
boreal forests worldwide, natural con-
tributions to aerosol production from 
this type of environment should play a 
significant role in the global aerosol 
budget. Furthermore, it is well recog-
nized that the organic material of the 
aerosol accounts for 10-90% of the 
fine particle mass. However, the vari-
ability of the organic fraction is high 
and the relative contribution from 
anthropogenic and natural sources is 
not well known. The Nordic measure-
ment network thus serves as an 
excellent proving ground for studying 
hypotheses concerning the role of 
biogenic emissions and their contri-
bution to aerosol bulk properties and 
dynamical behaviour. 

In recent years, significant 
progress has been made by the 
research groups involved in measure-
ments and analysis procedures within 
the Nordic measurement network. In 
particular, we have made a large 
effort in resolving the potential role of 
forest emissions in contributing to 
gas-to-particle formation over boreal 

Professor Hans-Christen Hansson is head of the unit of Atmospheric Science of the Department of Applied Environ-
mental Science at Stockholm University. He has been active in the field of aerosol research for 25 years and has 
more than 120 publications in peer reviewed journals. Presently his main scientific interest is the life cycle of atmos-
pheric particles and the effect of anthropogenic emissions on atmospheric processes.
Dr. Peter Tunved has just returned from a post-doc position at the University of Helsinki, Finland, to Stockholm Uni-
versity, where he completed his PhD in 2004.

1. Tunved, P., Korhonen, H., Ström, J., Hansson, H-C., Lehtinen, K.E.J., and Kulmala, M., 2006. Is nucleation capable of explaining observed aer-
osol number increase during southerly transport over Scandinavia? Tellus, 58B, 129-140.
2. Tunved, P., Hansson, H-C., Kerminen, V-M., Kulmala, M., Ström, J., Dal Maso, M., Lihavainen, H., Viisanen, Y., Aalto, P.P., Komppula, M., and 
Kulmala, M., 2006. High natural aerosol loading over boreal forests. Science, 312:5771, 261-263. 

Fennoscandia. On one hand, both 
measurements and modelling results 
suggest that the forest is a source of 
particle mass and number as clean 
marine air is advected over forested 
regions but, on the other hand, for-
ests act as a sink during outbreaks of 
polluted air from the European sub-
continent. This rather contradicting 
behaviour stems from the balance 
between removal and generation of 
condensing/nucleating gases, indica-
tive of the typical number concentra-
tion that the forest itself can support. 
In recent studies [1, 2], this depend-
ence has obtained a qualitative and 
quantitative explanation by using a 5-
year size distribution dataset. The 
results support the idea of natural 
emissions as the controlling factor for 
the possibility to generate both parti-
cle bulk number and mass. The inves-
tigations show that the boreal forest 
emission of biogenic volatile organic 
compounds (BVOC), most likely 
monoterpenes, typically sustains 
1000-2000 particles cm-3 in a climatic 
relevant size range (~40-100nm) dur-
ing unpolluted conditions. It is thus 
concluded that the forest is a major 
source of climate relevant aerosol 
particles. 

It is important to further develop 
the understanding of this organic aer-
osol to facilitate a full description of its 
life cycle in the atmosphere, e.g. its 
interaction with clouds. Comparisons 
of the effects of the natural and 
anthropogenic perturbed aerosol on 
radiation balance can thus be made 
in due course.

In  the quest for  the natural  
atmosphere

Hans-Christen Hansson and Peter Turnved
Applied Environmental Science, Stockholm University, Sweden

hc@itm.su.se
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A large variety of reactive vola-
tile organic compounds (VOC) are 
emitted into the atmosphere; a large 
portion of those arises from plants, 
e.g. isoprene, monoterpenes and 
sesquiterpenes. VOC constitute the 
fuel of the atmospheric oxidation 
process and, together with NOX, they 
control the daytime oxidation cycle 
via OH/HO2 radicals. The VOC oxida-
tion products (OVOC) with low vapour 
pressures contribute to new particle 
formation or partition into the pre-
existing particle phase. This forma-
tion of secondary organic aerosol 
matter (SOA) is important for the 
hygroscopic properties and activation 
to cloud condensation nuclei, thus the 
climatic effect of the resulting parti-
cles. It is also important for gas-phase 
processes since potentially reactive 
OVOC is not longer accessible in OH/
HO2 oxidation cycle. 

The complexity of the VOC 
precursor matrix and the resulting 
gaseous and particulate oxidation 
products requires concepts prior to 
molecular speciation, e.g. the carbon 
balance in gas- and particle phase. 
Simultaneous on-line mass spectros-
copy of monoterpene decay and for-
mation of gaseous and particulate 
products in simulation chamber 
experiments allows for derivation of 
the carbon balance at ppb conversion 
levels with <10 min time resolution.

Oxidation experiments of 
monoterpenes were conducted in the 
Large Aerosol Chamber of the 
Research Centre Jülich in the pres-
ence of ammonium sulphate seed 
aerosols (Fig. 1) [1]. The chamber is 
equipped with an Aerosol Mass 

Format ion of  b iogenic secondary 
organic aerosols

A mass spectroscopic approach to the carbon mass balance of reactive carbon
Th. F.  Mentel ,  R. Ti l lmann, and A. Kiendler-Scharr

Institute for Chemistry and Dynamics of the Gosphere, ICGII: Troposphere
 Research Centre Jülich, Germany

Figure 1. Schematic view of the Large Aerosol Chamber at the Research 
Center in Juelich. The chamber is equipped with several instruments to 
measure particle size (SMPS/CPC and APS) and inorganic composition 
(SJAC/IC). There is room for additional instruments of cooperating partners 
(Guests). A FTIR Spectrometer (IFS120HR) is used on a 15 m or 60 m path 
length to measure trace gases like NO2, N2O5 or HNO3. Ozone is monitored by 
UV absorption. The mass balances in this work were derived from the Proton-
Transfer-Reaction Mass Spectrometer (PTR-MS) and the Aerosol Mass 
Spectrometer (AMS). 

Dr. Thomas F. Mentel studied chemistry at the Justus-Liebig University Gießen and the Philipps-University Marburg. 
He obtained his PhD on “Infrared Spectroscopy of H-bonded systems” at the Department of Physical Chemistry of the 
Philipps University Marburg. He spent two years as a post-doc with Prof. Dr. Giacinto Scoles at the Chemistry Depart-
ment, University of Princeton, in the study of “High resolution near infrared spectroscopy of molecules and dimers in 
melecular beams”. From 1991 to 2001 he was researcher with Prof. Dr. Dieter H. Ehhalt at the Institute for Chemistry 
and Dynamics of the Geosphere III of the Forschungszentrum Jülich. Since 2001 is head of Heterogeneous Reactions 
group at the Institute for Chemistry and Dynamics of the Geosphere II: Troposphere (directed by Prof. Dr. A. Wahner). 
His research interests are heterogeneous processes in the troposphere, physical chemistry of multicomponent aero-
sols, and partitioning of organic compounds in aerosols. Methodological approaches include simulation experiments 
in large chambers, gas- and particle phase mass spectroscopy, and FTIR spectroscopy.

Spectrometer (ARI) and a high sensi-
tivity Proton-Transfer-Reaction Mass 
Spectrometer (IONICON). The 
monoterpenes were added in mixing 
ratios of 13 – 40 ppb. Oxidation was 
initiated by the injection of ozone. The 
O3 concentration was increased step-

wise to suppress new particle forma-
tion. 

For the PTR-MS measure-
ments, we performed a correlation 
analysis of the precursor mass with 
all other masses which results in pos-
itive correlation coefficients for all 
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Table 1. Results of Carbon Partitioning

Exp. Mono-
terpene

T
[°C]

RH
[%]

Carbon 
Yields [%] Total Carb. Yield [%]

Gas Part. This work Yu99 [1]

1 Sabinene 24 60 50 8 58 57

2 α-Pinene 25 60 38 18 56
29-673 α-Pinene 23 <7 45 24 69

t.mentel@fz-juelich.de

Figure 2. Gas and particle phase oxidation products of α-pinene normalized to 
consumed precursor concentration. Yields are given in Table 1, exp. 3.

fragments of the precursor and its 
isotope signals. All products feature a 
negative correlation coefficient as 
long as the oxidation proceeds. The 
carbon recovery of the gas-phase oxi-
dation products of α-pinene was 
>35% determined by PTR-MS meas-
urements (Fig.2, Table1). Considering 
fragmentation of large molecules 
inside the drift tube, this recovery rate 
is expected to be a lower estimate. 
From the AMS measurements the 
organic particulate mass was derived 
according to [2]. By calculating a 
mean molecular weight and C/O ratio 
of the aerosol phase products from lit-
erature data [3], we obtained the 
[(Cproduct/Cconsumed) ratio for the particule 
phase. The carbon recovery of the 
condensed-phase oxidation products 

of α-pinene was <25%. 
In total, the recovery rate adds 

up to ~60% and compares well with 
the results of Yu et al. 1999, [3] (Table 
1). The gap of 30%-40% remains still 
unclear, but up to 20-30% are cov-
ered by uncertainties in the measure-
ments. The time resolution of <10 min 
and detectable reactant consumption 
levels of about 1 ppb allows for obser-
vation of the time evolution of the 
yield. This can be used to analyze the 
role of semi-volatile compounds and 
higher oxidation processes. By model 
calculations we could demonstrate 
that semi-volatiles are not important 
in the α-pinene experiment [4]. The 
increase of the particulate yield over 
time indicates that higher oxidation 
products contribute to the observed 

yield. The effect of OH radicals 
formed during the ozonolysis of α-
pinene can be seen during the sec-
ond O3 addition at 13:30 hr (Fig. 2).

We determined the carbon 
mass balance during secondary 
organic aerosol formation from 
monoterpenes using fast and sensi-
tive mass spectrometric techniques. 
In this method product speciation is 
not needed, only the C content for the 
observed masses. Quantification of 
the flux of reactive carbon (VOC) into 
the atmosphere and its removal via 
gaseous (OVOC) and especially par-
ticle phase oxidation products is 
essential for understanding of the 
interaction between e.g. forested eco-
systems, atmosphere and climate [5]. 
Secondary organic aerosol formation 
withdraws reactive carbon from the 
gas-phase oxidation cycle, and thus 
modifies the air chemistry in and 
close to forest stands. Formation of 
new particles aided by OVOC and 
condensation of OVOC onto existing 
inorganic particles can modify forma-
tion, lifetime and properties of clouds, 
thus the indirect climatic effect of aer-
osols.
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For more than 8000 years, 
human activities have increasingly 
transformed the Earth’s landscapes 
for agricultural use and wood produc-
tion. Human-dominated land has 
expanded at the expense of natural 
ecosystems – first temperate and 
more recently tropical forests – and 
today more than 35% of the world’s 
land surface is occupied by agricul-
tural land (crops or anthropogenic 
pastures) [1].

Beside the noticeable ecologi-
cal impact of such modifications, 
human-induced land cover change 
(HILCC) has also altered regional and 
potentially global climate conditions 
through its effect on surface energy, 
water, and carbon fluxes. For 
instance, deforestation of temperate 
or boreal forests is thought to have a 
cooling effect on near-surface climate 
by increasing surface albedo. On the 
other hand, deforestation generally 
leads to the opposite response in 
tropical regions where the prevailing 
effect, as highlighted in many climate 
simulations, is a decrease of evapo-
ration and precipitation which causes 
the surface to warm. 

The effect of HILCC on global 
climate, however, is far from being 
clear and no consensus has been 
reached yet. According to some 
authors, biophysical effects of histori-
cal HILCC may have had negligible 
impact on global temperature 
because of the offsetting effect of 
tropical and temperate deforestation 
in their climate models [2]. In other 
GCM studies, however, the Northern 
Hemisphere cooling effect was found 
to be dominating at the global scale 

since a large part of the historical 
HILCC has occurred at mid and high 
latitudes [3]. In addition to these 
results, some authors have noted that 
most of the significant temperature 
changes in their simulations do not 
occur where HILCC forcing directly 
affects land surface [4]. They sug-
gested large-scale adjustment of 
atmospheric circulation caused by 
regional-scale tropical deforestation 
thus leading to remote temperature 
and precipitation changes. 

These last results also suggest 
that prescribing sea surface tempera-
tures in climate simulations –as it was 
done so far in most studies– could 

potentially lead to an underestimation 
of the effect of HILCC since its impact 
is expected to propagate to distant 
areas and especially to the ocean. To 
overcome this limitation we con-
ducted simulations with a fully cou-
pled atmosphere-ocean-vegetation 
climate model. We analyzed the 
impact of HILCC on climate by com-
paring two simulations carried out 
with the IPSL climate model (IPSL-
CM4) [5] using pre-industrial and 
present-day land cover data sets.

When the model is perturbed 
from the pre-industrial land cover dis-
tribution to the current distribution 
which has more anthropogenic lands, 

Édouard Davin did his undergraduate studies in Earth Sciences at the University of Grenoble (France). He then went to the École 
Normale Supérieure in Paris to undertake graduate studies in Earth Sciences specialising in biosphere-atmosphere processes. 
In 2004, he started PhD research on the “Impact of land cover change on climate” under the supervision of Nathalie de Noblet-
Ducoudré and Pierre Friedlingstein. Édouard Davin is now in the second year of his PhD studies at the Institute for Climate and Envi-
In 2004, he started PhD research on the “Impact of land cover change on climate” under the supervision of Nathalie de Noblet-
Ducoudré and Pierre Friedlingstein. Édouard Davin is now in the second year of his PhD studies at the Institute for Climate and Envi-
In 2004, he started PhD research on the “Impact of land cover change on climate” under the supervision of Nathalie de Noblet-

ronmental Studies (LSCE) in France.

An attempt to quant i fy the impact 
of  anthropogenic land cover 

change on cl imate s ince 
pre- industr ia l  t imes

Édouard Davin
Institute for Climate and Environmental Studies, LSCE, Paris, France

Figure 1. Annual surface temperate change (K) due to HILCC from pre-
industrial to present-day. Shaded areas are significant at the 0.1 confidence 
level. 

14           iLEAPS Newsletter 2/2006 May



1. Ramankutty, N. and Foley, J.A., 1998. Characterizing patterns of global land use: An analysis 
of global croplands data. Global Biogeochemical Cycles,12:4, 667-685.
2. Bounoua, L., DeFries, R., Collatz, G. J., Sellers, P., and Khan, H., 2002. Effects of land cover 
conversion on surface climate. Climatic Change, 52:1-2, 29-64.
3. Govindasamy, B., Duffy, P.B., and Caldeira, K., 2001. Land use changes and northern hemi-
sphere cooling. Geophysical Research Letters, 28:2, 291-294.
4. Zhao, M., Pitman, A.J., and Chase, T., 2001.The impact of land cover change on the atmos-
pheric circulation. Climate Dynamics,17:5-6, 467-477.
5. Marti O., Braconot, P.B., Bellier, J., Benshila, R., Bony, S., Brockmann, P., Cadule, P., Caubel, 
A., Denvil, S., Dufresne, J.-L., Fairhead, L., Filiberti, M.-A., Foujols, M.-A., Fichefet, T., Friedling-
stein, P., Gosse, H., Grandpeix, J.-Y., Hourdin, F., Krinner, G., Lévy, C., Madec, G., Musat, I., de 
Noblet, N., Polcher J., and Talandier, C., 2005. The new IPSL climate system model: IPSL-CM4. 
Note du Pôle de Modélisation, 26.
6. Alcamo, J., Vandenborn, G. J.; Bouwman, A. F.; Dehaan, B. J.; Goldewijk, K. K.; Klepper, O.; 
Krabec, J., Leemans, R., Olivier, J. G. J., Toet, A. M. C., Devries, H. J. M., and Vanderwoerd, H. 
J., 1994. Modeling the global society-biosphere-climate System. 2. Computed scenarios. Water 
Air and Soil Pollution, 76:1-2, 37-78.
7. Feddema, J.J., Oleson, K. W., Bonan, G. B., Mearns, L. O., Buja, L. E., Meehl, G. A., and 
Washington, W. M., 2005. The importance of land-cover change in simulating future climates. 
Science, 310:5754, 1674-1678.

Figure 2. Annual surface temperate change (K) due to HILCC from present-
day to 2100. Shaded areas are significant at the 0.1 confidence level.

the global mean surface temperature 
is lowered by roughly 0.2 K (Fig. 1). 
The model responds to HILCC by 
pronounced high latitude cooling but 
tropical deforestation does not pro-
duce any significant local warming. 
Significant negative as well as posi-
tive anomalies also occur in areas 
remote from the direct land use forc-
ing, pointing to changes in atmos-
pheric and also ocean circulation 
which have to be further investigated 
in future work.

Another challenging and still 
unresolved problem is the possible 
impact of future HILCC on climate. In 
the context of increasing radiative 
forcing due to emissions of green-
house gases, could HILCC play a role 
of global importance? In order to 
address this question we have run an 
additional simulation using the 2100 
crop distribution obtained from the 

IMAGE 2.2 land cover projection [6]. 
The globally averaged temperature 
response is a 0.17 K cooling in the 
IPSL-CM4 model compared to the 
simulated present day climate. This 
perturbation seems to be negligible 
compared to the expected warming 
due to other human activities, but 
once again regional anomalies turn to 
be as large as ±2 K in magnitude 
(Fig. 2). This result, along with other 
recent studies [7], suggests the 
importance of accounting for HILCC 
in climate scenarios for the next cen-
tury. Indeed, despite offsetting effects 
in global temperature trend, account-
ing for HILCC could significantly 
improve the regional pattern of cli-
mate change projections.

edouard.davin@cea.fr

Coming.. .
i L E A P S  
i n  C h i n a

The offi cial launch of 
iLEAPS-China is in 
November 2006 in 
connection with the 
ESSP Open Science 
Conference.
Prof. Xiaodong Yan 
at the Key Laboratory 
of East Asia Climate-
Environmental Research 
of the Chinese Academy 
of Sciences (Beijing) 
coordinates iLEAPS-
China and its web 
site. The Scientifi c 
Information Center 
for Resources and 
Environment of the 
Chinese Academy of 
Sciences (Lanzhou) 
translated the iLEAPS 
Science Plan and 
Implementation Strategy, 
available early fall.

MORE 
INFORMATION 

SOON
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How meaningful  is  surface 
temperature in character iz ing the 

c l imate system reponse to human-dr iven 
land cover change?

Axel Kleidon
Max Planck Institute for Biogeochemistry, Jena, Germany

Axel Kleidon is an assistant professor in climatology in the Department of Geography and the Earth System Science 
Interdisciplinary Center at the University of Maryland, USA. Axel received his Master of Science degree in physics at 
Purdue University, Indiana, USA, in 1994. His doctoral research on the role of the depth of the vegetation rooting zone 
in the climate system was completed in 1998 at the Max Planck Institute for Meteorology in Hamburg, Germany. As a 
postdoctoral scientist at Stanford University, California, USA, he developed an innovative approach to model the rela-
tionship of climate with plant biodiversity patterns. Over the last few years Axel got increasingly interested in the applica-
tion of non-equilibrium thermodynamics and the principle of Maximum Entropy Production to Earth system science and 
the Earth’s biosphere, a topic on which he co-edited a book that was recently published by Springer Publishers. In sum-
mer 2006, Axel will start a new research group on biospheric theory and modelling at the Max Planck Institute for Bio-
geochemistry in Jena, Germany.

We are accustomed to use glo-
bal mean temperature as the key 
quantity to characterize the climate 
system response to change. It is easy 
to measure, and data sets to docu-
ment past temperature changes are 
readily available. For evaluating cli-
mate change as a response to ele-
vated concentrations of atmospheric 
CO2, temperature change is a 
straightforward variable to look at 
because of the clear cause-and- 
effect relationship: higher levels of 
atmospheric CO2 lead to a stronger 
greenhouse effect and more radiative 
heating at the surface, therefore 
causing a warmer surface. 

When we look at the climate 
impacts caused by land cover 
change, temperature changes are 
less clear. Land cover change affects 
not only one term of the surface 
energy balance, but several, and 
these terms have different conse-
quences for surface temperature. For 
instance, cultivated fields generally 
have a higher surface albedo than a 
natural forest. An increase in albedo 
associated with the conversion of a 
forest to cropland would reduce 
absorption of solar radiation, suggest-
ing a cooling trend. On the other 
hand, the ability of the surface to tran-
spire water is reduced by a lower sur-
face roughness and a shallower root-
ing zone. The associated decrease in 
the latent heat flux would suggest a 
warming trend. This delicate balance 
between the reduction in heating ver-
sus a reduction in cooling shapes the 
overall response in surface tempera-

ture change. A further complication 
arises from the fact that this balance 
is also affected by the geographic 
location and by season as well. Fig. 1 
illustrates this complication for a 
“Desert World” scenario as an exam-
ple of an extreme form of land cover 
change. The resulting temperature 
response clearly differs in magnitude 
and sign among tropical and temper-
ate regions, demonstrating that it is 
not an appropriate quantity to charac-
terize the nature of the associated cli-
matic change.

But then we may ask whether 

changes in surface temperature are 
actually meaningful in the first place 
to quantify the impacts of climatic 
changes. This is not to downplay the 
importance of temperature thresholds 
in the Earth system, be it the melting 
point of water or as a trigger of plant 
phenology. But when we want to eval-
uate which aspects of climatic change 
actually matter, is it not more relevant 
to ask whether the change makes the 
climatic conditions more or less 
favourable for the terrestrial bio-
sphere in terms of its productivity? 
And for us humans, climate and cli-

Figure 1. Simulated difference in annual mean surface temperature between a 
“Desert World” simulation and the “Control” simulation with natural vegetation 
cover. After Kleidon (2006). 
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1. Vitousek, P. M., Ehrlich, P. R., Ehrlich, A. H., and Matson, P. A., 1986. Human appropriation of the products of photosynthesis. Bioscience, 36, 
368-373.
2. Rojstaczer, S., Sterling, S. M., and Moore, N. J., 2001. Human appropriation of photosynthesis products. Science, 294, 2549-2552. 
3. Imhoff, M. L., Bounoua, L., Ricketts, T., Loucks, C., Harriss, R., and Lawrence, W. T., 2004. Global patterns in human consumption of net pri-
mary production. Nature ,429, 870-873.
4. Kleidon, A., 2006. The climate sensitivity to human appropriation of vegetation productivity and its thermodynamic characterization. Global and 
Planetary Change, accepted for publication. Preprint available at www.earthsystem.org.
5. Kleidon, A., 2004. Beyond Gaia: Thermodynamics of life and Earth system functioning. Climatic Change, 66, 271–319.

mate change matters not so much in 
terms of direct temperature change, 
but rather in terms of our ability to 
appropriate food supply from the ter-
restrial biosphere.

A shift to viewing climatic 
change through its effects on terres-
trial productivity and what is appropri-
ated by humans can be implemented 
into simulation models of the terres-
trial biosphere using the concept of 
human appropriation of net primary 
productivity (HANPP, [1]). Recent 
estimates suggest that humans 
appropriate about 10 - 55% of terres-
trial productivity, with a best estimate 
of 40% [2,3]. In Kleidon (2006) [4], we 
incorporated HANPP into a dynamic 
vegetation model that is part of the 
Planet Simulator, an Earth system 
model of intermediate complexity. We 
then conducted sensitivity simulations 
by varying the fraction of vegetation 
productivity that is appropriated to 
human use (fHANPP) uniformly 
across all regions. A value of 
fHANPP=0 represents the “Control” 
climate with natural vegetation. With 
increased values of fHANPP, more 
and more of vegetation productivity is 
appropriated to human use, with less 
productivity available to vegetation 
growth. The reduced vegetation cover 
then affects land surface functioning, 

Figure 2. Left: Sensitivity of annual mean land surface temperature to the fraction of vegetation productivity appropriated 
to human use, fHANPP. Right: Sensitivity of annual mean terrestrial net primary productivity (NPP) and its human-
appropriation (HANPP) without (dotted line) and with (solid line) climate system feedbacks. After Kleidon (2006). 

and thereby the climatic conditions 
over land.

The resulting climate sensitivity 
to fHANPP shows considerable differ-
ences in the surface energy- and 
water balance with the differences 
being consistent to previous studies 
(not shown). Yet these differences 
yield little sensitivity in the annual 
mean land temperature, as shown in 
Fig. 2. In contrast, vegetation produc-
tivity shows a very clear decline with 
increasing values of fHANPP. This 
decline is the consequence of two 
effects: a direct effect through the 
reduction of biomass, and an indirect 
effect due to climatic differences 
associated with a reduced vegetation 
cover. What we can see from these 
results is that mean land temperature 
shows no meaningful sensitivity to 
fHANPP, but that the climatic condi-
tions nevertheless deteriorate in that 
they are less suitable for the produc-
tivity of the terrestrial biosphere. 

Terrestrial productivity as a 
measure of climate system function-
ing has also a more fundamental jus-
tification. Terrestrial productivity and 
its subsequent respiration is essen-
tially a dissipative process, converting 
light into chemical energy, which is 
then dissipated into heat. When 
humans appropriate vegetation pro-

ductivity, it provides them with the 
chemical free energy to drive their 
metabolic activity. Consequently, an 
evaluation of climatic change and 
biospheric feedbacks in terms of their 
implications for the strength of dissi-
pative processes seems far more rel-
evant than changes in temperature 
[5]. It is, after all, this ability to dissi-
pate energy, not temperature, that 
keeps life alive.

Our study is clearly of concep-
tual nature, and can be improved in 
many ways. For instance, the effects 
of irrigation or the application of ferti-
lizers have not been considered, and 
the intensity of human appropriation 
has been varied in a highly simplified 
manner. For the time being, our 
approach to model land cover change 
and to classify its climatic impacts 
provides a starting point for develop-
ing a novel, thermodynamics-based 
perspective on the role of terrestrial 
vegetation in modulating climate and 
how these interactions are affected 
by humans in the Earth system. 

akleidon@bgc-jena.mpg.de
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Over wet soil:
§ lower Bowen ratio (SH/LH)àshallower and wetter boundary layer
§ darker soil (α↓) and cooler surface temperatures àenhanced net 

surface radiationàlarger total heat flux into boundary layer
§ two factors combine to increase Moist Static Energy (MSE) per unit 

mass of boundary layer air

Land-atmosphere coupling 
strength, or the extent to which a pre-
cipitation-induced soil moisture anom-
aly influences the overlying atmos-
phere and thereby the evolution of 
weather and the generation of precip-
itation, is a critical aspect of the cli-
mate system. The feedback is difficult 
to diagnose from observations, partic-
ularly at the large-scale, but numer-
ous modelling studies as well as tar-
geted observational campaigns have 
established that a soil moisture anom-
aly can affect precipitation and may, 
for example, increase the severity 
and duration of droughts or floods. 
Accurate simulation (and understand-
ing) of this feedback is critical for 
earth system models since variability 
and trends in precipitation and soil 
moisture play such a central role in 
current and future hydrologic and bio-
geochemical cycles.

Global climate models (GCMs) 
are used to investigate how disparate 
components of the earth system inter-
act and how these interactions drive 
and respond to climate change. A 
recent study, the Global Land-
Atmosphere Coupling Experiment 
(GLACE), found that the degree of 
land-atmosphere interaction, particu-
larly the soil moisture-precipitation 
feedback, varies widely across cur-
rent state-of-the-art GCMs [1,2]. The 
wide variation in coupling strength 
across models is troubling because 
(1) it indicates that simulations of the 
feedback are not robust and (2) it 
raises the possibility that an analyzed 
model sensitivity to, for example, 
land-cover change may be more 
dependent on that particular model’s 
inherent coupling strength than on 

more fundamental processes.
Progress, both in terms of mod-

elling the soil moisture-precipitation 
feedback and improved understand-
ing of the relevance of the feedback 
in the climate system, can be made 
through careful diagnosis of the 
sources of intermodel differences in 
coupling strength. Here, we analyze 
two models with vastly different cou-
pling strengths -- the NCAR 
Community Atmosphere Model 
(CAM3/CLM3) which exhibits very 
strong coupling and the Hadley 
Centre Atmosphere model (HadAM3/
MOSES2) which exhibits very weak 

coupling. The evaluation of the two 
models is completed within the con-
text of what is known as the indirect 
soil moisture-precipitation feedback 
mechanism. The indirect feedback, 
illustrated in Fig.1, works in the fol-
lowing way: Anomalously wet soils 
induce elevated evapotranspiration 
through enhanced plant transpiration 
and soil evaporation. As a conse-
quence, more of the available surface 
energy is devoted to latent heat (LH) 
at the expense of sensible heat (SH) 
flux, and the Bowen ratio (SH/LH) is 
low, resulting in a relatively shallow 
boundary layer. The enhanced mois-

David Lawrence is a research scientist at the National Center for Atmospheric Research (NCAR) in Boulder, Colorado, 
USA. He received his PhD in 1999 from the University of Colorado under the direction of Prof. Peter Webster and held 
a post-doc at the University of Reading in the United Kingdom. His research interests are centered around land-atmos-
phere interactions and the role of land surface processes in the Earth’s climate system, especially in the context of cli-
mate change. He is involved in the assessment and development of NCAR’s Community Climate System Model (CCSM) 
and is co-chair of the CCSM Land Model Working Group.

The inf luence of  the diurnal  
cycle on the soi l  moisture-

precipi tat ion feedback
David Lawrence

National Center for Atmospheric Research, Boulder, CO, USA

Figure 1. Schematic diagram illustrating the indirect soil moisture–precipitation 
feedback mechanism.
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R., Xue, Y., and Yamada, T., 2005. GLACE: The Global Land-Atmos-
phere Coupling Experiment. 1. Overview. Journal of Hydrometeorol-
ogy, in press.
2. Guo, Z., Dirmeyer, P.A., Koster R. D., Bonan, G., Chan, E., Cox, P., 
Gordon, C. T., Kanae, S., Kowalczyk, E., Lawrence, D., Liu, P., Lu, C.-
H., Malyshev, S., McAvaney, B., Mitchell, K., Mocko, D., Oki, T., Ole-
son, K., Pitman, A., Sud, Y. C., Taylor, C. M., Verseghy, D., Vasic, R., 
Xue, Y., and Yamada, T., 2005. GLACE: The Global Land-Atmosphere 
Coupling Experiment. 2. Analysis. Journal of Hydrometeorology, in 
press.
3. Lawrence, D.M. and Slingo, J.M., 2005. Weak land-atmosphere 
coupling strength in HadAM3: role of soil moisture variability. Journal 
of Hydrometeorology, 6, 670-680.

ture flux into this shallow boundary layer leads to anoma-
lously moist and therefore less stable conditions. In addi-
tion, wet soils are relatively dark and cool, which enhances 
net surface radiation (greater absorption of solar radiation 
coupled with reduced longwave emission) which leads to 
more heat flux into the atmospheric boundary layer. These 
factors combine to generate a larger moist static energy 
(MSE) per unit mass of boundary layer air over wet soil 
compared to dry soil. High boundary layer moist static 
energy values are conducive to heavier precipitation 
under conditions where moist convection can be triggered 
by boundary layer instability.

Both models meet the first pre-requisite for a soil 
moisture feedback, a strong relationship between soil 
moisture and evapotranspiration, although there are 
regional differences [3]. Where the models differ strongly 
is in their simulation of the diurnal cycle (Fig. 2).  In CAM3/
CLM3, boundary layer moist static energy grows more 
strongly during the day over wet soil compared to dry soil, 
fed by strong evaporation into a slowly deepening bound-
ary layer. The larger build-up of moist static energy over 
wet soil corresponds to greater boundary layer convective 
instability and induces more deep convection in the after-
noon. In contrast in HadAM3/MOSES2, soil moisture 
exerts virtually little influence on the build-up of moist 
static energy. Furthermore, in HadAM3/MOSES2, dry 
convection initiates very early in the morning (around 9am 
LST), partly in response to a sharp early-morning increase 
in specific humidity. Deep moist convection initiates as 
early as 11am LST, effectively decoupling the surface 
from boundary layer evolution having left little time for soil 
moisture conditions and related surface fluxes anomalies 
to influence the boundary layer. These factors conspire to 
generate weak coupling strength in HadAM3/MOSES2. 

Although more work is required to fully understand 
differences in coupling strength in these two and other 
GCMs, it is clear that improvements in the understanding 
and simulation of the soil moisture-precipitation feedback 
requires integrated development of land-surface, bound-
ary layer, convection, and cloud processes in what has 
been referred to as an “integrated treatment (and analy-
sis) of convection.” 

Figure 2. Composite summer diurnal cycle for CAM3 
and HadAM3 models averaged over central USA. T is 
temperature, q is specific humidity, and   E is equivalent 
potential temperature.

dlawren@ucar.edu
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Eva van Gorsel is a research scientist at CSIRO Marine and Atmospheric Research in Canberra, Australia. She received 
her PhD in meteorology at the Institute of Meteorology, Climatology and Remote Sensing at the University of Basel, Swit-
zerland, and continued her scientific career at the Institute of Hydrology and Meteorology at the Technical University of 
Dresden, Germany. Her research interests include flow and transport processes in the atmospheric boundary layer and 
modifications of these due to stability effects, topography, surface roughness and inhomogeneities.

Quantification of nocturnal, res-
piratory CO2 fluxes is a major issue 
due to the importance of this term in 
correctly assessing annual carbon 
budgets. Even a small selective 
underestimation of the nocturnal flux 
can cause a large overestimation of 
the long term sequestration as the lat-
ter reflects the difference between 
two large fluxes, respiratory efflux 
during the night and net photosyn-
thetic uptake during the day [1].

Today, more than 375 
FLUXNET stations apply or have 
applied the eddy covariance tech-

nique in order to asses the net eco-
system exchange (NEE). At a typical 
forest site the vertical turbulent 
exchange of CO2 between vegetation 
and atmosphere, as well as the 
amount of temporarily stored carbon 
are measured. 

The scientific community, how-
ever, has recognized that under sta-
ble conditions even shallow topogra-
phy can lead to cold air drainage as 
the slope length rather than the slope 
angle is the key controlling parameter 
[2]. Consequently, the nocturnal car-
bon efflux (NCE) should be assessed 

with a fully 3-dimensional experimen-
tal setup. Even though this is done for 
certain selected sites [3,4] it is a 
major experimental effort to measure 
all terms of the mass balance, and 
suitable experimental designs are still 
under development. 

We therefore propose a physi-
cally based filtering technique that 
leads to improved estimates of NCE. 
At present, data are commonly fil-
tered for low turbulence conditions 
using friction velocity (u*) as an indi-
cator. This filter is applied under the 
assumption that above a certain mini-

Nocturnal  carbon eff lux:  can 
est imates of  eddy covar iance 

and chamber measurements be 
reconci led?
Eva van Gorsel

CSIRO Marine and Atmopsheric Research, Canberra, Australia

Figure 1. Top panel shows the friction velocity u* and bottom panel a profile of CO2 concentrations, where the darkest 
green indicates the measurement closest to the ground and the darkest blue the measurement at reference height in 
70 m.
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Total Nighttime NCE(µmolm-2s-1)  Max NCE

Turbulent 
Flux (10)

Turbulent 
Flux + 

Storage (10)

Turbulent 
Flux 1 (1)

Chamber 
measurements (10)

Turbulent Flux 
+ Storage (10)

0.46 1.70 4.97 5.18 5.23

mum u*-threshold turbulence is suffi-
ciently vigorous to continuously mix 
the respired CO2 with the air above 
the canopy. Unfortunately the thresh-
old values for u* vary for different sites 
and seasons and it is not always pos-
sible to find an objective threshold 
value [5]. Data from Tumbarumba [6] 
(Fig. 1) shows that CO2-gradients are 
built up even under intermittent turbu-
lence, and a positive rate of change 
of carbon is observed despite fairly 
high u* values. If advection occurs 
under these conditions, NCE is sys-
tematically underestimated by the 
measurements. Only for continuously 
very high u* values, as observed dur-
ing the windy night, is there negligible 
carbon storage. During the calm night 
we observe that strong gradients 
develop in the beginning of the night. 
It is furthermore remarkable that the 

1. Goulden, M.L., Munger, J.W., Fan, S.-M., Daube, B.C. and Wofsy, S.C., 1996. Measurements of carbon sequestration by long-term eddy cov-
ariance: methods and a critical evaluation of accuracy. Global Change Biology 2, 169–182.
2. Finnigan J. J., 2006. Turbulent flow in canopies on complex topography and the effects of stable stratification. In: Flow and Transport Processes 
in Complex, Obstructed Geometries: from Cities and Vegetative Canopies to Industrial Problems. Nato Asi Series, in press.
3. Feigenwinter Ch., 2006. Advective flows caused by topography and/or heterogeneity: an overview of recent CO2 advection experiments with 
special focus on measurement results. iLEAPS specialist workshop on flux measurements in difficult conditions, Boulder, CO, Jan. 26-28, 2006.2special focus on measurement results. iLEAPS specialist workshop on flux measurements in difficult conditions, Boulder, CO, Jan. 26-28, 2006.2

4. Leuning, R., 2006. A novel mass-balance technique for measuring CO2 fluxes in nocturnal drainage flows beneath a forest canopy. iLEAPS spe-
cialist workshop on flux measurements in difficult conditions, Boulder, CO, January 26-28, 2006.2cialist workshop on flux measurements in difficult conditions, Boulder, CO, January 26-28, 2006.2

5. Gu L., Falge E. M., Boden, T. , Baldocchi, D.D., Black, T.A., Saleska, S.R., Suni, T., Shashi, B.V., Vesala, T., Wofsy, S.C., and Xu, L., 2005. 
Objective threshold determination for nighttime eddy flux filtering. Agriculture and Forest Meteorology, 128, 179-197.
6. www.cmar.csiro.au/ar/lai/ozflux/monitoringsites/tumbarumba/index.html 

concentrations do not continuously 
increase throughout the night. If CO2
enriched air is not exchanged verti-
cally – which it is not - this indicates 
that we have some lateral transport 
(drainage flows) exporting CO2.

Fig. 2 shows that the sum of 
the turbulent flux and the storage 
(usually assumed to account for the 
total NCE) has a maximum in the 
early evening and then decays from 
roughly 4 to 1 µmol m-2 s-1. Even 
though soil temperature strongly 
determines the respiration rate, on 
nights with very strong continuous 
turbulence the source intensity does 
not decrease to such an extent. So 
even though Tumbarumba is a station 
with moderate topography there is a 
substantial fraction of the NCE that is 
not captured when horizontal and ver-
tical advection is neglected.

As advection has a larger 
timescale than the turbulent flux we 
can assume that the maximum in the 
early evening is ‘correct’ within the 
measurement uncertainties. Table 1 
summarizes nighttime values of dif-
ferent estimates of NCE obtained dur-
ing an intensive measurement cam-
paign [4]. The estimate based on the 
mean value of the sum of turbulent 
flux and storage is a factor 3 lower 
than the independent measurements 
of NCE carried out with soil-, leaf- 
and wood chambers. However, meas-
ured NCE from a night with persistent 
high turbulence and the mean maxi-
mum observed during this period are 
of the same order of magnitude.

If instead of using the total 
(measured) NCE, we use the maxi-
mum NCE to construct a temperature 
response function of respiration in 
order to replace all measured night-
time data we get much more realistic 
values of nighttime respiration – and 
therefore for NEE – than by using 
actually measured data. Comparisons 
between 3 years of chamber meas-
urements and the eddy covariance 
approach show very promising 
results.

Figure 2. Mean daily course (2001 – 
2005) of the turbulent flux of CO2
(dark green), the sum of the turbulent 
flux of CO2 and the storage term (light 
green), and the soil temperature 
(orange line). Nighttime contributions 
to NEC are shaded for clarity. 

eva.vangorsel@csiro.au

Table 1. Comparison of different estimates of NCE for a dataset gathered during an intensive measurement campaign. NCE for a dataset gathered during an intensive measurement campaign. NCE
The numbers in brackets indicate the number of averaged days. 

                                        1 night with persistent high turbulence (Fig. 1, right)
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Stephan De Wekker obtained his MSc in Soil, Water, and Atmosphere from Wageningen University in the Netherlands. In 2002 
he obtained his PhD in Atmospheric Sciences from the University of British Columbia in Canada. He is now a post-doctoral fel-
low at the National Center for Atmospheric Research in Boulder, Colorado, USA. His research subjects include the observa-
tion and modeling of atmospheric boundary layer processes in complex terrain, and the regional estimation of CO2 fluxes by 
a variety of inverse modeling techniques.

There is an increasing aware-
ness that mountain regions are an 
important component of the Earth’s 
ecosystems. Occupying close to 25% 
of continental surfaces, hilly and 
mountainous landscapes provide 
unique research opportunities into 
important but poorly characterized 
processes at the land-atmosphere 
interface. Mountainous regions are 
responsible for a large fraction of U.S. 
and Northern Hemisphere mid-lati-
tude carbon uptake [1,2] making mon-
tane carbon dynamics key to our 
understanding of the global carbon 
cycle. Ecosystem and atmospheric 
research in mountainous terrain com-
prises many challenges. For exam-
ple, rapidly changing atmospheric 

and physiographic parameters with 
height over relatively short distances 
create a mosaic of microclimates that 
make local measurements typically 
unrepresentative of a larger area. The 
irregularities in terrain elevation and 
surface characteristics also induce 
wind systems that further complicate 
atmospheric boundary layer dynam-
ics and exchange processes com-
pared to flat terrain. 

Advancement in our under-
standing of carbon exchange in 
mountainous terrain requires the inte-
gration of measurements and model-
ling at multiple temporal and spatial 
scales and the merger of scientific 
advances at the intersection of eco-
logical, hydrological and atmospheric 

sciences. We are developing multi-
scaled observation and modelling 
approaches to observe, quantify and 
understand carbon fluxes in mountain 
ecosystems. When implemented en 
masse, these approaches will eventu-
ally lead to estimates of regional car-
bon fluxes from the “top-down” and 
from the “bottom-up” (Fig. 1). 

The Airborne Carbon in the 
Mountains Experiment (ACME) was 
the first attempt to measure carbon 
exchange in mountainous terrain 
using airborne techniques. On ten 
days in May and July of 2004, instru-
mented research flights were made 
over the Colorado Rocky Mountains. 
Airborne measurements were con-
ducted using a variety of flight plans, 
including morning to afternoon semi-
Lagrangian measurements aimed at 
estimating peak mid-day carbon 
fluxes, and morning sampling of noc-fluxes, and morning sampling of noc-
turnally respired COturnally respired CO2 to estimate noc-
turnal accumulations. Crucial for the turnal accumulations. Crucial for the 
design of the semi-Lagrangian air-
craft measurements was the correct 
forecasting of the morning location of forecasting of the morning location of 
the air parcel sampled later that after-the air parcel sampled later that after-
noon at the receptor point (Niwot 
Ridge, a sub-alpine flux site). The air-
craft then measured CO2 profiles at 
the upwind point in the morning flight the upwind point in the morning flight 
and at the receptor point in the after-
noon flight (Fig. 2). We calculated 
CO2 drawdowns of several ppm in the 
mountain boundary layer, represent-
ing significant CO2 uptake by the for-
ests.  The estimated regional fluxes 
using such a boundary layer budget 

L inking CO2 surface f luxes to 
concentrat ions in the atmospher ic 

boundary layer over complex 
terrain.  Observations and mesoscale modelling 

results
S.F.J.  De Wekker,  B.  Stephens, B. Sacks, 

S. Aulenbach, T.  Vukicevic,  and D. Schimel
National Center for Atmospheric Research, Boulder, CO, USA

Figure 1. Schematic of the approaches used to estimate regional fluxes of 
atmospheric carbon dioxide. Top-down fluxes are estimated using data from a 
regional field experiment and mesoscale models while bottom-up fluxes are 
estimated from local measurements and biogeochemical models.
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method agreed well with local flux 
measurements at a sub-alpine loca-
tion (Fig. 3). However, the coupling 
between local tower flux measure-
ments and the regional flux estimated 
from airborne measurements was 
disrupted during an extreme, rare 
snow event in mid-May.  This storm 
deposited a large amount of wet snow 
on the forest at some elevations, but 
not at others. The insight obtained 
from observations like this will be cru-
cial to our efforts to predict the 

Figure 2. Map of the ACME research area in the Colorado Rockies exemplifying 
the location of the upwind and downwind profiles (red dashed ellipses) in the 
semi-Lagrangian research flights.

1. Schimel, D.S., Kittel, T.G.F., Running, S., 
Monson, R.K., Turnipseed, A., and Ander-
son, D., 2002. Carbon sequestration studied 
in Western U.S. mountains. EOS, Transac-
tions of the American Geophysical Union, 83:
40, 445-449.
2. Schimel D.S. and Braswell, B.H., 2005. 
The role of mid-latitude mountains in the car-
bon cycle: Global perspective and a Western 
U.S. case study. In: Global Change and Moun-
tain Regions: An overview of current knowl-
edge (Huber U.M., Bugmann, H.K.M., Rea-
soner M.A. Eds). Advances in Global Change 
Research, 23, 449-456.
3. Pielke, R.A., Cotton, W.R., Walko, R.L., 
Tremback, C.J., Lyons, W.A., Grasso, L.D., 
Nicholls, M.E., Moran, M.D., Wesley, D.A., 
Lee, T.J., and Copeland, J.H., 1992. A com-
prehensive meteorological modeling system - 
RAMS. Meteorology and Atmospheric Phys-
ics, 49, 69-91.
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Figure 3: Local observations of the net ecosystem exchange (NEE) at the sub-
alpine location Niwot Ridge and preliminary regional calculations from 
boundary layer budgets show convergence in mid-summer. The continuous 
curves are the actual data for Niwot Ridge, and the shaded area represents 
the spread (average +/- one standard deviation) of NEE for July 2004. The 
horizontal bars indicate the average boundary layer budget flux.

response of regional carbon budgets 
to future changes in the frequency 
and distribution of extreme weather 
events.

To investigate the applicability 
and reliability of the boundary layer 
budget method over mountainous ter-
rain, we devised a mesoscale model-
ling-based test using the Regional 
Atmospheric Modeling System 
(RAMS, [3]) and a realistic represen-
tation of the complex terrain soil-veg-
etation-atmosphere interface. RAMS 

was run at very high resolution (1.5 
km) and comparisons with available 
observations showed that the model 
was able to capture meteorology well 
under the strongly forced conditions 
in complex terrain. We prescribed 
various scenarios of surface CO2 flux 
resulting in a variety of spatial and 
temporal behaviours of CO2 concen-
tration in and above the mountain 
boundary layer. This enabled the cal-
culation of surface CO2 fluxes using 
the same approach as in the observa-
tions, while comparisons with the pre-
scribed fluxes allowed a detailed 
investigation of the budget approach 
in mountainous terrain. These simula-
tions showed that fluxes may be 
retrieved accurately over idealized 
flat terrain, and that flux estimates 
over mountainous terrain converge in 
the mean to the prescribed value. 
The results indicate that the budget 
method works well if an aircraft sam-
pling strategy is designed that yields 
regionally representative measure-
ments. Other inverse methods to esti-
mate regional carbon fluxes are 
planned in the near future, including 
one in which the CO2 concentration 
measurements will be assimilated in 
the mesoscale modelling system. Our 
research clearly demonstrates the 
need for and the benefits of integrat-
ing tools and knowledge from various 
Earth System science disciplines in 
studying the carbon budget in com-
plex terrain. For further information 
on our research project, please visit 
http://swiki.ucar.edu/acme.
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Volatile Organic Compounds 
(VOCs) are emitted to the atmos-
phere from both anthropogenic and 
biogenic sources. On the global 
scale, biogenic production of VOCs is 
estimated to be significantly higher 
than anthropogenic emission. VOCs 
have an impact on atmospheric 
chemistry and are known to contrib-
ute to particle formation and growth in 
the atmosphere.

The boreal zone covers large 
areas in the Northern Hemisphere 
and is the largest forested zone on 
Earth. In addition to forests, wetlands 
are a typical feature of the boreal 
zone. In Finland, wetlands have cov-
ered as much as one third of the land 
surface.

Our study was conducted in 
collaboration with the Finnish 
Meteorological Institute in four Finnish 
wetlands during the growing seasons 
in 2004 and 2005. The largest data-
set was collected from the Siikaneva 
fen located in southern Finland and 
additional measurements were con-
ducted in northern Finland. We used 
both the ecosystem level micromete-
orological relaxed eddy accumulation 
(REA) method and plant level cham-
ber method. Our REA system uses a 
dynamic deadband and air samples 
are sucked into two Tedlar-bags. After 
a 30 minute sampling period, the 
samples were pumped from the bags 
into canisters. Chamber measure-
ments were conducted using static 
chambers with closure times from 10 
to 30 minutes. Three samples were 
taken during each closure in both 
canisters and adsorbent tubes.

The main non-methane hydro-

carbon emitted by the wetlands was 
isoprene. Isoprene fluxes varied from 
0 to 700 μg m-2 h-1. Fluxes of the other 
non-methane hydrocarbons were 
below the detection limit of the REA 
system. The chamber method is 
capable of detecting lower fluxes and 
weak emissions of ethene, propane, 
propene, 1-butene, 2-methylpropene, 
butane, pentane and hexane were 
detected.

Chamber measurements on 
treated plots in Siikaneva indicated 
that mosses are the main sources of 
the compounds detected. In 
Kaamanen it was also found that a 
common wetland species march tea 
(Ledum palustre) is a strong monoter-
pene emitter. Emission rate of monot-
erpenes from the plot with march tea 

was 140 μg m-2 h-1, while monoter-
pene emissions from the other plots 
were negligible.

Isoprene emissions from wet-
lands are comparable to monoter-
pene emissions from coniferous for-
ests [1,2], as the comparison in Fig. 1 
shows. Land use change from wet-
lands to coniferous forests in south-
ern Finland during the 20th century 
has probably decreased isoprene 
concentrations and similarly 
increased the concentrations of 
monoterpenes in ambient air.

The results from our studies 
conducted in Siikaneva are published 
in the iLEAPS special issue of 
Biogeosciences [3,4].

Non-methane hydrocarbon 
emissions from boreal  forest

Sami Haapanala
Department of Physical Sciences, University of Helsinki, Finland

Sami Haapanala has a background in engineering, particularly measurement technology, and has worked for the 
Vaisala company and the Finnish Meteorological Institute. He has been at the Division of Atmospheric Sciences of 
University of Helsinki, Finland, for three years, working on his PhD in meteorology. His research interests include 
measurements of volatile organic compounds and their emissions from natural sources. He has measured emissions 
from boreal wetlands and forests by the relax eddy accumulation method and also done some boundary layer stud-
ies on volatile organic compounds.
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and Rinne, J., 2001. Variation 
of the VOC emission rates of 
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season. Boreal Environmental 
Research, 6, 237-249.
2. Rinne, J., Hakola, H., Laurila, 
T., and Rannik, Ü., 2000. Canopy 
2. Rinne, J., Hakola, H., Laurila, 
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Atmospheric Environment, 34, 
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Measurements of hydrocar-
bon emissions from a boreal fen 
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osciences, 3, 103-112.
4. Hellén H., Hakola, H., Pystynen, 
K. H., Rinne, J., and Rinne, J., 
2006. C2-C10 hydrocarbon emis-
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forest floor in Finland. Biogeo-
sciences, 3, 167-174.

Figure 1. Comparison of isoprene emissions 
from wetlands and monoterpene emissions 
from coniferous forests during one example 
year. Data is for two neighboring sites: Hyytiälä 
forest and Siikaneva wetland.
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Aerosol  format ion in a nat ive 
Austral ian Eucalypt  forest

Tanja Suni
CSIRO Marine and Atmospheric Research, Canberra, Australia

Tanja Suni has a background in physics and became interested in the interactions between forests and the atmos-
phere in 1998. She then joined Timo Vesala’s group at the current Division of Atmospheric Sciences in the Univer-
sity of Helsinki to do a PhD in a field combining biology with physics. She finished her PhD in August 2004, and is 
now a post-doc studying aerosol formation in Eucalypt forests at CSIRO Marine and Atmospheric Research in Can-
berra, Australia.

Atmospheric aerosol consists 
of liquid or solid particles suspended 
in air, with diameters ranging from nm 
to μm. Their sources can be anthro-
pogenic such as industry and traffic 
or biogenic such as oceans, deserts, 
and vegetation. Aerosol particles can 
cool the climate directly by reflecting 
sunlight back to space and indirectly 
by forming cloud droplets. The contri-
bution of biogenic aerosols to cooling 
the climate is still unclear – largely 
because the amount of particles pro-
duced in forests is unknown. Forests 
are an important source of new parti-
cles because they produce volatile 
organic compounds (VOCs) such as 
mono- and sesquiterpenes that 
undergo rapid reactions with atmos-
pheric oxidants. The oxidation prod-
ucts have low volatility and readily 
take part in aerosol formation by con-
densing on small pre-existing inor-
ganic nuclei [1,2]. 

Aerosol production in forests 
has been studied about a decade in 
the Northern Hemisphere, mainly in 
boreal and temperate climates [2]. 
During this time, the Division of 

Atmospheric Sciences in the 
University of Helsinki has observed 
formation of new particles about 40 – 
100 times a year in a Scots pine for-
est in Hyytiälä, southern Finland (Fig. 
1, left). It is likely that the magnitude 
and seasonality of aerosol production 
varies significantly with latitude and 
ecosystem type. Particularly, the air 
masses, climate, vegetation, and 
VOC emissions in the Southern 
Hemisphere are very different from 
those at boreal sites, which should 
have a clear effect on particle forma-
tion. Our project is the first to study 
biogenic aerosol production in the 
Southern Hemisphere in an Australian 
Eucalypt forest. Our measurements 
with an atmospheric ion spectrometer 
(AIS) started in July 2005, and we 
now have results confirming frequent 
biogenic aerosol formation at our site 
in Tumbarumba, South-East Australia 
(Fig. 1, right). In Hyytiälä, particles 
are formed mostly in spring when the 
air masses arrive from arctic or polar 
areas, but in Tumbarumba time of 
year and air mass origin appear to 
have no significance to particle for-

mation. This can mean that despite 
the great variation in vegetation in 
Australia, there are always enough 
VOCs in the atmosphere for particle 
formation. We are currently testing 
this hypothesis by measuring ambient 
concentrations of VOCs around 
South-East Australia. 

Eucalypt forests grow very rap-
idly and some of them are among the 
world’s most efficient VOC-emitters. 
Thus, it is possible that the role of 
Eucalypt forests in global biogenic 
aerosol production is relatively very 
significant. Eucalypts thrive in various 
environments and they are already 
being planted around the world 
(Mediterranean countries, Africa, 
South America) because of their rapid 
growth and fine wood production. If 
Eucalypt forests prove to have a sig-
nificant role in cooling the climate, 
their planting may become even more 
important in the future. The results of 
this project are a step towards deter-
mining the contribution of forests to 
the global aerosol load, which is 
essential for the parameterisation and 
validation of climate models. 

1. Calogirou, A., Larsen, 
B.R., and Kotzias, D., 
1999. Gas-phase ter-
pene oxidation products: a 
review. Atmospheric Envi-
ronment, 33, 1423-1439. 
2. Kulmala, M., Vehkamäki, 
H., Petäjä, T., Dal Maso, 
M., Lauri, A., Kerminen, 
V. M., Birmili, W., and 
McMurry, P. H., 2004. For-
mation and growth rates of 
ultrafine atmospheric par-
ticles: a review of obser-
vations. Journal of Aerosol 
Science, 35, 143-176. 

Figure 1. New particles form in Hyytiälä in May, 2000 (left) and in Tumbarumba in July, 2005 
(right).  X-axis: time (24 h), y-axis: particle diameter (red = large concentr., blue = low concentr.). 
Observe typical pre-existing aerosol in the size range of 10 to 100 nm (Aitken mode). The AIS 
in Tumba measures smaller particles (0.5 – 40 nm) than the differential mobility particle sizer 
(DMPS) in Hyytiälä (3 – 500 nm) and reveals also the band of ions below 2 nm. At midday, new 
small particles start to grow from the ion band into the Aitken band, from where they can grow 
into cloud droplets. 

tanja.suni@csiro.au
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Interactions between the hydro-
logical cycle and physical, biogeo-
chemical and atmospheric chemistry 
processes are intricate and often 
involve feedback mechanisms at vari-
ous levels. Consequently, better 
understanding of the mechanisms is 
needed when studying the chemistry-
climate system. This research aims to 
identify some of the key interactions 
between the hydrological cycle and 
the atmospheric chemical composi-
tion, and to increase scientific under-
standing of the land-atmosphere 
exchange processes involving 
exchange of energy, water and reac-
tive trace gases. We apply a fully cou-
pled chemistry-climate model to 
assess the direct role of ecosystem 
components of the terrestrial hydro-

logical cycle and soil moisture in 
emissions and deposition of key pre-
cursor gases [1]. Furthermore, our 
analysis also focuses on the indirect 
role of water and energy exchange in 
changing tropospheric chemical com-
position through feedbacks between 
the atmospheric and terrestrial parts 
of the hydrological cycle.

The direct link between the ter-
restrial hydrological cycle and atmos-
pheric chemistry through the removal 
of gases like ozone (O3) by vegeta-
tion (dry deposition) can be greatly 
affected by changes in surface 
wetness due to rainfall interception 
(Fig 1). Soil moisture has an effect on 
the deposition of O3 and other trace 
gases by modulating stomatal 
resistance, and can also influence the 

atmospheric O3 burden by changing 
biogenic nitrogen and volatile organic 
compounds emissions and chemical 
transformations. 

The indirect linkage of the ter-
restrial hydrological cycle with atmos-
pheric chemistry is found in the direct 
effect of the hydrological cycle on cli-
mate. Interactions between soil mois-
ture, water vapour, precipitation and 
evapotranspiration constitute one of 
the most important feedback proc-
esses in the atmosphere. Climate 
changes due to changes in the hydro-
logical cycle can potentially alter trop-
ospheric chemistry. In addition, cli-
mate change, involving changes in 
the hydrological cycle, modulates the 
scavenging of trace gases and aero-
sols and changes convective and tur-
bulent transport of trace gases and 
aerosols.

A rather obvious role of the 
hydrological cycle in atmospheric 
chemistry is the production of the 
hydroxyl radical (OH) involving water 
vapour and determining the oxidizing 
capacity of the atmosphere and sub-
sequently the lifetime of several long-
lived gases (such as CH4 and 
H(C)FCs) through their oxidation by 
OH. Other indirect effects are related 
to the role of soil moisture-evapora-
tion-precipitation feedback in deter-
mining the depth and turbulent mixing 
of the planetary boundary layer.

On the dependence 
of  atmospher ic 

chemistry on the 
hydrological  cycle 
s imulated with a

chemistry-c l imate model
Meryem Tanarhte

Max Planck Institute for Chemistry, Mainz, Germany

Fig 1. Relative changes in 
annual mean ozone (O3) 
dry deposition velocity 
(Vd) induced by changes 
in surface wetness. Effect 
of the implementation of a 
parameterization that 
accounts for sub-grid 
scale throughfall.

Meryem Tanarhte is a PhD student at the Max Planck Institute for Chem-
istry in Mainz, Germany. She graduated from the Mohammadia School of 
Engineering in Rabat, Morocco. Her background is groundwater hydrology 
and geophysics. She worked as teacher-assistant at the University Hassan 
II-Mohammedia and was involved in teaching geophysics as well as sur-
face and groundwater hydrology. Her research focuses on the role of the 
hydrological cycle in land-atmosphere exchanges and atmospheric chem-
istry, especially addressing the existence of feedbacks involving the terres-
trial biosphere.

meryemta@mpch-mainz.mpg.de
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Atmosphere-biosphere trace gas exchanges 
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Bill Sacks is a doctoral student in Land Resources at the University of 
Wisconsin-Madison, working with Dr. Jon Foley. His research involves 
modeling abrupt changes in the climate system, with a focus on ter-
restrial feedbacks. Bill has a B.A. from Williams College (2003), where 
he studied Computer Science and Environmental Studies. After grad-
uating from Williams, he spent two years conducting research on 
parameter estimation in a terrestrial carbon flux model with Dr. Dave 
Schimel at the National Center for Atmospheric Research. 

Eddy covariance measure-
ments of the net ecosystem exchange 
of CO2 (NEE) hold great promise for 
increasing our understanding of the 
controls over terrestrial carbon 
cycling. NEE, however, is the small 
difference between two large fluxes, 
gross primary productivity (GPP) and 
ecosystem respiration (RE). 
Understanding the controls over NEE, 
therefore, requires an accurate parti-
tioning of NEE into these two gross 
fluxes. Ideally, RE would also be parti-
tioned into autotrophic (RA) and heter-
otrophic (RH) respiration. 

We have performed such a flux 
partitioning using model-data fusion. 
In previous studies, we showed that 
model-data fusion techniques can be 
used to estimate 10 - 20 parameters 
in a simple carbon flux model, using 
eddy covariance measurements of 
NEE [1,2]. Diurnal to seasonal proc-
esses in the model were well-con-
strained by ten years of hourly CO2
flux observations from the Harvard 
Forest [1]. We have also used model-
data fusion, coupled with a formal 
model selection criterion, to explore 
the relative merits of alternative 
hypotheses about the processes gov-
erning NEE at Niwot Ridge, a sub-
alpine forest in the Colorado Rocky 
Mountains. We showed, for example, 
that the metabolic processes of soil 
microbes vary in the summer and 
winter at this site, possibly because of 
the existence of distinct microbial 
communities in these two seasons 
[2].

For the study presented at the 
1st iLEAPS Science Conference, we 
used similar techniques to optimize 
the parameters of the SIPNET flux 
model, using six years of continuous 
eddy covariance measurements from 
Niwot Ridge. SIPNET runs at a half-
daily time step, and has two vegeta-
tion pools, a single aggregated soil 
carbon pool, and a soil moisture sub-
model that models both evaporation 
and transpiration. We examined the 
optimal partitioning of NEE into GPP 
and RE (Figure 1), as well as the opti-
mal partitioning of RE into RA and RA and RA H. 
The optimized model matched the 
observations well on diurnal, sea-
sonal and interannual time scales. 
The partitioning of NEE into GPP and 
RE seemed to be robust, but we were 
not able to achieve an accurate parti-
tioning of RE into RA and RA and RA H. To 
achieve an accurate partitioning of 
NEE into GPP and RE, we found it 

necessary to retain the diurnal cycle 
of the observations, separately mod-
elling daytime and nighttime fluxes. 
When the daytime and nighttime 
observations were averaged, the 
model predicted an erroneous diurnal 
cycle, and thus an erroneous parti-
tioning of NEE into its component 
fluxes. 

Model-data fusion techniques 
like those employed in this study can 
significantly increase the information 
content of eddy covariance data. 
Combining these data with a mecha-
nistic model allows for the explana-
tion of causes of observed patterns. 
The next step will be incorporating 

multiple constraints in the optimiza-
tion. Although we have found that 
including water vapor fluxes does not 
further constrain the parameters gov-
erning CO2 fluxes [2], greater benefit 
could be obtained by incorporating 
measurements such as soil respira-
tion, litterfall, and biomass increment. 

1. Braswell, B.H., Sacks, W. J., Linder E., and Schimel 
D.S., 2005. Estimating diurnal to annual ecosystem 
parameters by synthesis of a carbon flux model with 
eddy covariance net ecosystem exchange observations. 
Global Change Biology, 11, 335-355.
2. Sacks, W.J., Schimel, D.S., Monson, R.K., and Bras-
well, B.H., 2006. Model-data synthesis of diurnal and 
seasonal CO2 fluxes at Niwot Ridge, Colorado. Global 
Change Biology, 12, 240-259.

Part i t ioning NEE 
into i ts component 
f luxes using model-data 
fusion. A study at Niwot Ridge, Colorado

Wil l iam J.  Sacks
University of Wisconsin-Madison, USA

Figure 1: Optimized partitioning of NEE at Niwot Ridge, Colorado into its 
component fluxes, gross photosynthesis (GPP) and total ecosystem respiration 
(R), by month (a) and by year (b). November and December fluxes give means 
over 1998-2004, while other months give means over 1999-2004. Error bars 
show interannual variability for each month (a), or for the entire year (b) (one 
standard deviation). This flux partitioning was generated using the SIPNET 
model, with its parameters optimized using eddy covariance-derived NEE 
observations at Niwot Ridge. 

wsacks@wisc.edu
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A c t i v i t i e s
R e p o r t s  f r o m  t h e  1 s t  i L E A P S  S c i e n c e  C o n f e r e n c e  

Session 1:  Land-atmosphere exchange of   react ive 
and long- l ived compounds: key interact ions and 

feedbacks in the Earth system

Anni Reissell
This session was dedicated to 

process-level studies encompassing 
concentration and flux measurements, 
processes and factors affecting emis-
sions and deposition of greenhouse 
gases, biogenic volatile organic com-
pounds, reactive nitrogen and halogen 
compounds, stable hydrogen/oxygen/

nitrogen isotopes, oxidants O3 and HOx, photosynthesis, 
for example. The measurements ranged from laboratory 
chamber experiments to ecosystem flux measurements, 
often in comparison with modelling.

Keynote speaker Michael Raupach addressed 
vulnerabilities in the Earth System associated with land-
atmosphere exchanges of carbon, water and dust. The 
role of land-atmosphere exchanges in vulnerability of 
terrestrial ecosystems at biophysical margins, in particu-
lar, is of importance. Overall, terrestrial C is more vul-
nerable than believed a few years ago. Michael Raupach 
stressed the urgent need for increased Earth System 
science at all scales (local to global, process to integra-
tion) and in all modes (experiments, observations, the-
ory, modelling) in order to address the three great uncer-
tainties in predicting global change: physical climate, 
human actions, and biogeochemical and ecological 
Earth System interactions.

Spatial and temporal variability of soil microbial 
decomposition-derived CO2 efflux at oak-savanna valley 
site and ponderosa pine plantation foothill site in 
California has been studied by Jorge Curiel Yuste et al. 
Among the vulnerable areas are northern peatlands in 
the sporadic and discontinuous permafrost zone. 
Permafrost thawing and subsequent changes in vegeta-
tion have changed the net exchange of CO2 and CH4 in 
a subarctic Swedish mire as measured during 1970 – 
2000. The northern peatlands are currently becoming 
stronger CO2 sinks but at the same time larger CH4
sources due to warming as presented by Torbjörn 
Johansson (p 6, this issue) resulting in increased radia-
tive forcing on climate. J. William Munger showed long-
term data from a mid-latitude deciduous forest. Long-
term measurements allow to distinguish control by envi-
ronmental drivers and changes in physiology, identify 
key controls of GEE and respiration. Variability in eco-
system fluxes is partially explained by climatic variation 
but fundamental changes in ecosystem physiology are 
important and can be identified in long-term datasets. 
Biomass inventories, disturbance history, remote sens-
ing, analysis of foliar and soil nutrients are needed to 

understand variations at longer time scales. 
Eddy covariance measurements in five cities 

worldwide showed that dense urban sites are strong 
CO2 sources in winter during daytime; in summer day-
time uptake reduces net source strength. Suburban sites 
can be very similar to forested sites with strong daytime 
net uptake. CO2 uptake in urban environments is spa-
tially and temporally highly variable, correlating with 
local traffic in Rome and Basel. Urban measurements 
are a challenge due to the highly variable footprint. 

In the invited talk on the exchange of reactive 
compounds in the soil-canopy-boundary layer system, 
Franz X. Meixner compared the characteristic time scale 
of chemical reactivities, plant physiological processes, 
soil processes, and turbulent transport processes. If 
advection is negligible and turbulence low, for example 
at nighttime and in dense canopies, all the processes 
are tightly coupled and affect the exchange of reactive 
compounds. Essentially, for reactive compounds time 
scales will matter. 

Hofzumahaus et al measured the diurnal variation 
and, for the first time, determined the vertical distribu-
tions of OH and HO2 radicals near the ground in the trop-
osphere and studied processes influencing VOC emis-
sions from forests into the atmosphere in a mixed decid-
uous forest site in Jülich, Germany. A strong daytime 
source of HONO was observed in the forest, formation 
mechanism not known but resulting in large midday con-
centration of OH in and above the canopy and an impact 
on oxidation of VOC and formation of secondary organic 
aerosols. Alex Guenther gave his presentation on sur-
face ozone depletion potential of volatile emissions from 
vegetation asking whether we are missing a large com-
ponent of BVOC emissions into the atmosphere ( p 8, 
this issue). Using PTR-MS and a variety of emission 
measurement methods Taina M. Ruuskanen et al exam-
ined the exchange of biogenic volatile organic com-
pounds (monoterpenes, methanol, acetone, acetalde-
hyde) between boreal forest and atmosphere in Hyytiälä, 
Finland. Their results suggest the presence of within-
canopy sources. 

Kim Pilegaard presented results from the EU-
project NOFRETETE, Nitrogen Oxides Emissions from 
European Forest Ecosystems, with continuous meas-
urements of NO and N2O from forest soils with varying 
climate and N deposition. Soil temperature and soil 
moisture are major driving variables in temporal varia-
tion of emissions locally, but on a regional scale N-depo-
sition, forest and soil type become much more important w
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There are increasing evidences that the feedback 
mechanisms between atmospheric composition and 
land biota are more active than is generally considered, 
and a very strong interplay is always happening, day 
and time, all seasons. New mechanisms of interactions 
are being discovered. In the presentation by Hans-
Christen Hansson the majority of aerosol particles over 
two sites in Scandinavia were attributed to biogenic 
emissions. He used a clever analysis of air mass trajec-
tories and very long data sets of aerosol size distribution 
for two sites to show that aerosol particles originated 
from biogenic emissions precursors dominate the mass 
and number of aerosol particles over the two sites. The 
aerosol-climate relationship gets stronger with several 
presentations working at scales from global to local 
exploring new aspects of aerosol-climate interactions. 
Maria Kanakidou presented an overview on the direct 
and indirect climatic impact of organic aerosol, showing 
the critical importance of this component. Phil Rasch 
explored the global impact of the organic component of 
aerosols from biomass burning and showed that they 
affect the atmospheric circulation, especially in the criti-
cal area of upper troposphere. Michael Sanderson dis-
cussed the importance of climate-chemistry-ecosystem 
feedbacks in a coupled chemistry-climate model, indi-
cating the importance of simultaneous changes in oxi-
dants climate and sulphur emissions and its effects on 
ozone and damage to the vegetation. Small scale aero-
sol-cloud interaction is very effectively studied with large 
eddy models, and Graham Feighold demonstrated how 
such models can be used in aerosol-cloud-radiation and 
surface flux interactions. These studies show that as you 
increase the number of aerosol particles, an increase in 
cloud droplets and a decrease in precipitation is 
observed. When semi-indirect effects are included, 
strong changes in surface radiative fluxes and a strong 
role of soil and vegetation is observed.

Also regional studies such as the ones in 
California presented by Allison Steiner shows that bio-
genic VOCs impact strongly depending on the NOX
regime, showing an important effect on regional ozone 

Session 2:  Feedbacks between land biota,  
aerosols,  and atmospher ic composi t ion in the 

c l imate system

Paulo Artaxo
production. The issue of the interac-
tions between aerosols, climate and 
carbon cycling in Amazonia was dis-
cussed by Paulo Artaxo, showing that 
aerosol strongly influences carbon 
uptake by the forest, enhancing the net 
ecosystem exchange by up to 60% at 
mid-day, because of the increase in dif-
fuse radiation caused by biomass burning aerosols. For 
atmospheric loading above AOT 1.2, the reduction in the 
radiation flux is so strong that photosynthesis is shut 
down completely. Several presentations focused on proc-
ess studies, on the production of ultra fine aerosol parti-
cles, formation and growth of atmospheric aerosols and 
the aerosol-cloud interactions, focusing on the organic 
component.

Some important advances in instrumentation are 
allowing new insights into critical issues in aerosol 
research. Just recently it has been possible to measure 
surface-atmosphere exchange fluxes and chemical 
processing of aerosols through eddy covariance system 
based on aerosol mass spectrometry. This technique 
allows direct measurements of fluxes for different aerosol 
species, what is very useful to quantify dry deposition. A 
new tool to study hygroscopic growth and activation of 
aerosol particles is the aerosol cloud interaction simula-
tor (LACIS) facility at the University of Leipzig. Results 
are very promising, and very controlled conditions allow 
nice studies of droplet activation for different aerosol spe-
cies.

The iLEAPS science conference showed that 
research on land-biota feedbacks is very active, unveiling 
new processes, and showing the global climate effects of 
aerosols particles. New critical information on the role of 
organic aerosol is emerging, showing the large climatic 
impact of organic aerosol particles. New processes of 
aerosol formation imply that biogenic aerosols are even 
more important in regulating aerosol properties than pre-
viously thought. This holds from all scales, up to global, 
including aerosol-cloud interactions.

T h e s e  r e p o r t s  s u m m a r i s e  t h e  c o n t e n t s  o f  t h e  c o n f e r e n c e  o r a l  s e s s i o n s .  F u l l  
l i s t  o f  c o n f e r e n c e  p r e s e n t a t i o n s  a r e  d e t a i l e d  a t  t h e  c o n f e r e n c e  w e b  s i t e ,  
w h e r e  s o m e  o f  t h e  p r e s e n t a t i o n s  a r e  a v a i l a b l e  f o r  d o w n l o a d  a t  
w w w . a t m . h e l s i n k i . f i / i l e a p s / b o u l d e r / .

when comparing annual emissions. Detailed soil model-
ling is needed to predict nitrogen oxides emissions over 
large areas. 

Herman Sievering stressed the need to identify 
mechanisms that would explain the influence of N depo-
sition on photosynthesis, NEE and/or carbon sequestra-
tion. Roy Wichink Kruit showed measured and modelled 

ammonia exchange fluxes above managed grassland in 
the Netherlands. A clear diurnal variation with emissions 
during daytime, and deposition at night and in the early 
morning due to dew formation was observed. Particularly 
in summer, high temperatures can lead to ‘natural’ emis-
sion as opposed to fall when deposition dominated due to 
leaf wetness. 

w
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This topic in the iLEAPS Science 
Plan and Implementation Strategy is 
devoted to understanding how synergies 
and feedbacks between the land surface 
and other components of the climate sys-
tem (mainly the atmosphere) influence 
the variability of climate at the regional 
and global scales.

The small number of talks that actually addressed 
these questions during the conference suggests that this 
topic is still in its infancy. Yet, from the few results pre-
sented, it appears that such teleconnections are an impor-
tant aspect of the climate system. Thus, it is particularly 
important for the iLEAPS community to provide leadership 
in this new, interesting field of research.

In tune with IPCC recommendations, four of the 
presented papers addressed the uncertainties in the pro-
jected scenarios of future climate change that can arise 
from ignoring the feedbacks from the land cover. Richard 
Betts (invited keynote speaker) summarized what has 
been done so far on the impacts and feedbacks of increas-
ing atmospheric CO2 on the biosphere-atmosphere 
exchanges of energy, heat, water and carbon. In particular 
he confirmed that ignoring land-atmosphere interactions 
may lead to a rather strong underestimation of atmos-
pheric CO2 content at the end of the 21st century due to the 
predicted decrease in biospheric sink of carbon and, 
therefore, to an even larger warming than predicted in the 
IPCC reports. Beth Holland, another invited speaker, sum-
marized the state-of-the-art knowledge and modelling of 
the nitrogen cycle at the global scale and showed that 
coupling the carbon and the nitrogen cycles may even fur-
ther reduce the biospheric sink on land. Moreover, she 
tried to sketch the usefulness of available observations to 
better constrain the nitrogen cycle at the global scale. 
Roger A. Pielke Sr (the third invited speaker of this ses-
sion) and Édouard Davin more specifically concentrated 
on the biophysical effects of land use changes (p 14, this 
issue). Both argued that changes in land cover types 
result in many more impacts than just the absorbed radia-
tion. Pielke proposed new metrics to quantify, at the global 
scale, the impacts of land use induced land-cover 
changes. Following a similar approach, Axel Kleidon (p 16, 
this issue) discussed the sensitivity of biosphere produc-
tivity at the global scale, which he named the “human 
appropriation of net primary productivity.”

Two talks discussed the importance of land-atmos-
phere exchanges on shaping climate at the regional scale 
for Europe and South America. Sonia Seneviratne showed 
that about 2/3 of the increased variability of summer tem-
perature projected for the end of the 21st century results 
from the intimate coupling between soil moisture and tem-
perature in Europe during summer time. Because her 
results may be in contradiction with the ones published by 
Koster et al. (2004) for present-day climate, she suggests 

Session 3:  Feedbacks and teleconnect ions in 
the land surface-vegetat ion-water-atmosphere 

system

Nathalie de  Noblet-Ducoudré

that monitoring soil moisture and evapotranspiration 
should be further enhanced in the future for a better vali-
dation of processes in regional and global climate models. 
Finally, Roni Avissar analyzed the impacts of deforestation 
of the Amazon basin projected throughout the 21st century 
based on socio-economical scenarios. He demonstrated 
the existence of significant regional and global telecon-
nections, which cause increase of precipitation in the east-
ern and southern parts of the basin and reduction in its 
western part. This regional shift in the precipitation regime 
was found to be particularly acute during El Niño years. At 
the global scale, eliminating the Amazonian rainforest 
affected precipitation at all latitudes, with a particularly 
strong impact in North America and Eastern Africa. Such 
global teleconnections were also found when deforesting 
Central Africa and Southeast Asia.

Ronald Hutjes analyzed the potential usefulness of 
large-scale irrigation in Saudi Arabia, prescribing a water 
reservoir as a boundary condition in a mesoscale atmos-
pheric model. He concluded that less than 2% of the water 
is recycled in this very dry region and, therefore, irrigation 
has no significant impact on precipitation.

The other three papers analyzed the consequences 
of well-known disturbances (insect outbreaks, wind throw 
and drought) on the regional-scale productivity and net 
carbon budget of forests. Jeffrey Hicke quantified the 
impacts of insect outbreaks on the net carbon fluxes of 
North American forests. His results suggest that this dis-
turbance need to be accounted for in the biosphere mod-
els, even in those applicable at the global scale since the 
effects can be observed over very large regions. Anders 
Lindroth analyzed the carbon balance of a forested area 
in southern Sweden following the stormy Gudrun event of 
January 2005. He concluded that storm-felled areas emit 
much more CO2 than a clear-cut during the first year fol-
lowing the event implying large regional scale impacts on 
the carbon budget of the country. Michael Liddell analyzed 
the CO2 flux over a pristine Australian tropical rainforest 
during several years, and quantified the impacts of 
drought during two successive years in 2002 and 2003. 
He concluded that drought makes the forest switch from 
sink of carbon to source with lag effects that can make the 
transition continue despite the return to more normal rain-
fall conditions. Expected changes for the end of the cen-
tury, i.e. during warmer and drier conditions may lead to 
large releases of carbon from this area.
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This session traced four different trajectories 
through this broad field. It looked at 1) the interface 
between measurements and models and particularly the 
way that synergies between the two could bridge the 
micrometeorological-biological divide, 2) it considered 
surface-atmosphere exchange moving from ideal condi-
tions of spatial homogeneity and stationarity to complex 
terrain and topography and intermittent large scale atmos-
pheric forcing, 3) it addressed exchange at scales smaller 
than a tower patch of ~1 ha to continental regions of order 
10,000km2, and finally 4) it considered both traditional 
non-reactive scalars like heat, H2O and CO2 and ‘difficult’ 
reactive species like ozone, NO, N2O and NO2.

The scene was set by the invited review from Timo 
Vesala, who covered the field of canopy measurements 
from eddy fluxes of ‘easy’ compounds in ideal conditions 
to coping with site heterogeneity and difficult meteorologi-
cal forcing. He drew attention to the mismatch between 
the attention paid to the biochemistry of photosynthesis in 
current canopy-level biophysical models and that 
accorded to phenology. He went on to consider reactive 
scalars with Damkőhler numbers ~1 and also aerosols 
and discussed current and prospective approaches to 
dealing with these problems. His introductory lecture 
ended with a review of the prospect of model-measure-
ment synthesis, a theme taken up by the next speaker. 
Dennis Baldocchi used the question of the influence of 
diffuse radiation on NEE to illustrate the way biological 
models and aerodynamic measurements from patch to 
global scale could be synergistically combined to answer 
difficult questions of ecophysiology. 

Models informed by measurements. Bert 
Holtslag introduced this group of papers by discussing the 
GEWEX GABLS comparison of PBL models used in cli-
mate and NWP schemes. The wide variability in predic-
tions from these models highlighted the inadequate repre-
sentation of some key processes. One such process was 
nighttime stable turbulence and Sukanta Basu presented 
next a LES modelling approach to such stable boundary 
layers. Another key process is the combined effect of can-
opies and topography and Ned Patton showed the signifi-
cant progress recently made in this area at NCAR. 
Dropping down a scale to sub-canopy resolution, Daniela 
Cava and colleagues’ model of the onset of counter gradi-
ent diffusion in the canopy revealed some intriguing new 
physics.

Measurements informed by models. Leading a 
group of papers where detailed theory was critical to inter-
preting measurements, Sanna Servanto introduced a 
novel method of deriving evaporation from diurnal 
changes in tree diameter. Jumping from single tree to 
tower patch scale the next two papers addressed the 
problem of undercounting of CO2 respiration at night at 
flux sites on sloping terrain, Tara Strand presented results 
from a Gaussian puff diffusion model at the Niwot Ridge 

Session 4:  Measurements and model l ing 
of  mater ia l  and energy t ransfer in the soi l -  

canopy-boundary layer system

John Finnigan

site, using natural soil CO2 emissions 
and SF6 as a tracer to calibrate and test 
the model. Eva van Gorsel then showed 
how the eddy flux of CO2 after sundown 
but before the onset of drainage flow can 
be used to give an accurate estimate of 
nighttime respiration. Finally, using data 
from a Euroflux site in arctic Lapland, 
Ivan Mammarella discussed how models of the internal 
boundary layer and the roughness sublayer are neces-
sary in combination to interpret limited-fetch measure-
ments over forests.

Measurement-model synthesis at larger scale. 
Two different approaches were presented to the problem 
of scaling up carbon exchange from patch to regional 
scale. Stephen de Wekker showed how aircraft measure-
ments were being used to constrain the extension of sur-
face flux measurements to regional scale in mountainous 
terrain in the US ACME experiment. On an even larger 
scale, Hape Schmid discussed the difficulties and data 
requirements for scaling up from a set of 40 Ameriflux 
tower sites to the whole of the eastern USA. Commonalities 
of both approaches were the use of detailed mesoscale 
and boundary layer models to upscale and downscale 
measurements, and data and the use of data assimilation 
to constrain and inform tower measurements.

Measurements of difficult species. The first 
paper in this group did not so much address a difficult spe-
cies as an ‘easy’ species in very difficult conditions. 
Thomas Friborg described CO2 exchange in the high arc-
tic tundra, providing a rare and valuable data set. 
Expanding this theme, Henrik Soegaard, discussed the 
dynamics of the carbon circulation in a high arctic ecosys-
tem, comprising atmospheric, terrestrial, fluvial and marine 
components. Turning next to a ‘difficult’ species, Albrecht 
Neftel used a variety of methods from microporous tubes 
in the soil to eddy flux to assess N2O exchange from a 
grassland site. He concluded that net soil uptake was at 
the limit of current measurements techniques and that the 
consumption process of N2O in the soil was not yet under-
stood. Michael Kortner next described the exchange of a 
series of passive and reactive species with a range of 
Damkőhler numbers over both grassland and forests, con-
cluding, once the influence of advection on sloping sites 
was discounted that measured turbulent Schmidt num-
bers were scattered between the canopy-top, roughness 
sublayer figure of ~0.6 and the boundary layer value of 
~0.9. This result suggests the influence of the roughness 
sublayer on exchange dynamics at the level of most tower 
measurements. Finally, jumping up a scale, Heiner Geiss 
made aircraft measurements of CO2 exchange over a het-
erogeneous landscape and used anthropogenic tracers 
like CO and NO to separate biogenic from anthropogenic 
point sources of CO2.
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We organized this breakout session to interactively 
discuss how to organize the iLEAPS modelling component 
in the future. This was motivated by our observation that 
the contributions reflected a wealth of different model com-
ponents to study relevant iLEAPS research themes but 
that there is lack of integration and an iLEAPS modelling 
strategy. Consequently, we raised four major questions 
which triggered a lively discussion.

What are the main limitations in the coupled 
model approaches to address typical iLEAPS research 
questions? The responses addressed mainly the fact that 
the modelling development and application should be 
driven by the science questions associated with theoretical 
concepts or observed phenomena. Some more specific 
limitations that have been mentioned are the lack of plant 
based mechanistic emission models that consider the 
interactions between the exchanges of multiple species 
and the role of deposition. Also a lack of completely identi-
cal offline and online model systems was noted.

What would be an optimal strategy to exercise 
model systems to answer iLEAPS research questions?
Many suggestions to optimize the modelling strategy were 
proposed including the use of a model hierarchy, with mod-
els possibly built from scratch, the use of simple concep-
tual models, and the use of multi-model and ensemble 
model simulations to evaluate the models. Especially the 
latter got a lot of attention where it seems that a major iLE-
APS model component priority should be the development 
of an optimal evaluation and validation strategy, e.g., how 
to evaluate feedback loops, to deal with the multitude of 
scales in land-atmosphere interactions and the application 
of explicit input- and target datasets. 

What are the processes that are currently not 
major foci that could be relevant to iLEAPS questions 
in the future? The processes that were mentioned are the 
role of future soil chemistry, erosion, vegetation-snow inter-
actions, characterization of plant functional types (PFTs) 
for different ecosystem processes such biogeochemistry, 
hydrology, PFTs and disturbances, and the evaluation of 
soil moisture; is there data to evaluate this parameter?

How does the iLEAPS modelling strategy inter-
act with other core projects of for example IGBP, 
WCRP? The interactions that were shortly discussed 
involved interactions with the IGBP-AIMES Atlas initiative 
focussing mostly on the application of input-output and tar-
get datasets to constrain and evaluate the models, 
whereas other interactions to overcome limitations in 
model dynamics and physics, such as boundary layer 
dynamics and the hydrological cycle would involve interac-
tions with GEWEX and WCRP. Other potential valuable 
interactions are those with GLASS, GEIA (mechanistic 
exchanges models), GLP (land cover and land use charac-

Session 5:  Model l ing of  land-atmosphere 
interact ions:  towards the Earth System 

approach

Laurens Ganzeveld

Break-out of  session 5:
The main focus of 

this session was the repre-
sentation of land-atmos-
phere interactions in Earth 
System models that allow 
studies of teleconnections 
and feedback loops involv-

ing the biogeochemical and hydrological cycles, 
atmospheric chemistry and climate in response to 
regional land use or land cover change and aerosol 
and greenhouse gas emissions. The about 40 contri-
butions to this session addressed a wide range of 
themes and scales including global scale model 
analysis down to substrate scale exchange proc-
esses. Martin Claussen open the session presenting 
an overview of biogeophysical versus biogeochemi-
cal feedback loops and historical and future land use 
issues including the possible occurrence of “sur-
prises” in the Earth system. This was followed by 
Guy Brasseur presentation on modelling climate-
atmospheric chemistry interactions.

Pavel Kabat, stepping in for the new IGBP 
chair Carlos Nobre, presented some of the key find-
ings of the integrated IGBP Large-scale Biosphere-
atmosphere experiment in Amazonia (LBA). The rest 
of the session consisted of a selection of presenta-
tions with a focus on the analysis of the hydrological 
cycle including analysis of the role of land-atmos-
phere interactions in drought events in Europe and 
the soil moisture – precipitation feedback. Several 
presentations addressed studies that aim at better 
understanding of the linkages between the 
exchanges of various components such as a pres-
entation by Sheri Conner Gausepohl, using the 
exchanges of carbonyl sulphide (COS) to interpret 
the seasonal cycle in photosynthesis, and a presen-
tation by Almuth Arneth on a more process-based 
representation of isoprene emissions linked to car-
bon dioxide exchanges and global vegetation 
dynamics. A presentation by Paul Young actually 
showed an analysis of the possible consequences of 
future changes in these isoprene emissions on 
atmospheric chemistry provoking quite some 
response in terms of the uncertainties involved in the 
importance of the changes in chemistry relative to 
the role of future land-atmosphere interactions. A 
presentation by Sandy Harrison provided a paleocli-
matological perspective on land-atmosphere interac-
tions with a focus on biomass burning emissions and 
presenting the development of a more mechanistic 
representation of these emissions for use in Earth 
system models. Other presentations included the 
representation of surface heterogeneity in large-
scale models, the dependence of canopy photosyn-
thesis on in-canopy radiation and bi-directional 
exchanges of ammonia. 
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R e p o r t  f r o m  t h e  i L E A P S  S p e c i a l i s t  
W o r k s h o p  o n  F l u x  M e a s u r e m e n t s  i n  D i f f i c u l t  
C o n d i t i o n s

A full report of the iLEAPS Specialist 
Workshop on Flux Measurements in Difficult 
Conditions will be published in the Bulletin 
of the American Meteorology Society. What 
follows is an extracted summary. 

John Finnigan, Marc Aubinet, Gaby 
Katul, Ray Leuning, Dave Schimel

Eddy-flux measurements of surface-atmosphere 
exchange of carbon and other trace gases provide one 
of the three pillars upon which our understanding of the 
global carbon cycle rests, the others being large scale 
concentration inversions and biomass assays. But we 
must accept that measurement sites will not conform to 
the ideal conditions of homogeneity and stationarity 
that allow simple application of the eddy flux approach. 
We defined ‘difficult’ conditions, therefore as circum-
stances that cause systematic departures from hori-
zontally homogeneous, stationary flow conditions in 
the absence of vertical subsidence. An incomplete list 
includes surface heterogeneity, topography, intermit-
tent atmospheric phenomena like waves and nocturnal 
jets and strong diabatic forcing. 

Summary and action points. There was strong 
agreement on the urgent requirement for generally 
applicable techniques to correct for advection. A strat-
egy that received substantial if not universal support 
was to develop advection (scalar flow and transport) 
models for neutral and then stable conditions that could 
be used as a basis for data assimilation. These models 
would be tested against past and projected advection 
experiments and also against detailed models such as 
wind tunnel and LES simulations. Even in their current 
state, existing models could be used to help design 

experiments. This is a long term (3-5 year) strategy. In the 
shorter term four pressing problems were identified:

• Can we use alternative techniques such as 
mass balances instead of direct measurement of the vertical 
wind velocity to circumvent the inaccuracies associated with 
measuring this quantity? Do streamline coordinates offer a 
practical alternative?

• Can we suggest a better filter than friction 
velocity to identify times when the eddy flux approach is fail-
ing and which would allow us to use a greater proportion of 
our measurements?

• Can we offer advice on tower siting on the 
basis of what we know now?

• Is the state of modelling flows inside cano-
pies in ‘difficult’ conditions sufficiently ‘mature’ to be used in 
some form of data assimilation framework that permits us to 
infer scalar sources and sinks within canopies from flux 
measurements above the canopy?

In contrast to these clear action points, no consensus 
was reached on how to address the question of intermit-
tency, the origin and role of low frequency eddy flux and the 
role of mesoscale fluxes and intermittency.

It was pointed out in the workshop that resolving these 
issues is not only relevant to passive scalars, but serves as a 
logical starting point for including reactive scalars (e.g. 
VOCs) into the suite of species whose exchange could be 
monitored by flux towers. Reactive scalars are receiving 
increasing attention within the iLEAPS community but their 
non-conservative nature poses extra measurement prob-
lems.

iLEAPS would be keen to hear from anyone who is 
interested in being involved in a community effort to advance 
these aims. iLEAPS would be happy to act as an information 
exchange by maintaining a website to facilitate information 
sharing or to help plan collaboration that would advance this 
program of work. If you are interested, contact John Finnigan 
at john.finnigan@csiro.au.
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iLEAPS session at  EGU
European Geophysical Union 3rd General Assembly 2-6 April 2006 Vienna

iLEAPS SSC meet ing 19-21 January 2006  Boulder
The iLEAPS Scientific Steering Committee annual gathering was arranged in connection with the 1st iLEAPS Science 
Conference in Boulder last January. The new activities recognized were: NEESPI, Northern Eurasia Earth Science 
Partnership Initiative; iPILPS, Isotopes in Project for Intercomparison of Land-surface Parameterization Schemes, part 
of the GEWEX Global Land Atmosphere System Study (GLASS); iLEAPS/GEIA initiative. The next SSC meeting is 
organized in Wageningen, the Netherlands, in January 2007.

SSC meeting participants: iLEAPS SSC and IPO, and invited participants; (1) Pertti Hari, SMEAR; (2) Dennis Baldocchi, 
FLUXNET; (3) Peter von Oevelen and (4) Bert Holtslag, GEWEX; (5) Kathy Hibbard and David Schimel, AIMES; (6) 
Kevin Noone, IGBP; (7) Graciela Raga, IGAC. Missing from the photo: Pasha Groisman, NEESPI; Berth Holland, 
NCAR, and the SSC members Pavel Kabat, Xiaodong Yan, and Daniel Rosenfeld.

iLEAPS session at the 2006 EGU General Assembly
AS2.05 Interactions and Feedbacks between Land Ecosystems and Atmospheric Processes (co-listed in BG & HS) 
Conveners:  Andreae, M. Co-Convener:  Kabat, P.; Reissell, A.
Oral Programme
AS2.05-1WE1O-001 van der Molen, M.K.; Dolman, A.J.; Waterloo, M.J.; Bruijnzeel, L.A. Climate is affected more by 

maritime than by continental land use change: a multiple scale analysis 
AS2.05-1WE1O-002 Mackay, M. Modeling the regional climate impact of boreal lakes 
AS2.05-1WE1O-003 Arneth, A.; Niinemets, U.; Hickler, T.; Wolf, A.; Noe, S.; Smith, B.; Pressley, S. CO2 and tempera-

ture effects on global isoprene emissions from terrestrial vegetation (solicited)
AS2.05-1WE1O-004 Reichstein, M.; The FLUXNET data integration team. Spatio-temporal variability of land-atmos-

phere carbon and water fluxes: Coming to grips via integration of FLUXNET, earth observation data and bio-
geochemical modelling? (solicited)

AS2.05-1WE1O-005 Shugart, H.H.; Yan, X.; Zhang, N.; Iseav, A.S.; German, D.M Simulation of forest cover dynamics 
for eastern Eurasian boreal forests (solicited) 

AS2.05-1WE1O-006 Boone, A.; de Rosnay, P.; Beljaars, A.; Polcher, J.; ALMIP Working Group AMMA land surface  
model intercomparison in West Africa (solicited)

iLEAPS participated in the meeting with one session dedicated to the science from iLEAPS recognised projects and 
activities. Meeting details, full programme, and abstracts of the presentations can be found at http://
meetings.copernicus.org/egu2006/. We warmly encourage you to follow the results the activities by having a look at the 
session abstracts. You can also get information from the iLEAPS web site through the links to activities and by reading 
the next iLEAPS Newsletter, which will be dedicated to report the science within these projects.
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P e o p l e
 i L E A P S  S S C  N e w  m e m b e r s  

T r a i n i n g  c o u r s e  M a r i e C u r i e - i L E A P S - M E A S U R E M E N T S  
“Integrated measurements over land ecosystem atmosphere boundaries” 
Spring 2007, University of Helsinki, Hyytiälä field station, Finland. 
Organiser: Prof.Timo Vesala.

C o n f e r e n c e  M a r i e C u r i e - i L E A P S - M O D E L S  
“Towards a process-based description of trace gas emissions in land surface models”
Fall 2007, University of Lund, GeoBiosphere Centre, Lund Sweden. 
Organiser: Prof. Almut Arneth

T r a i n i n g  c o u r s e  M a r i e C u r i e - i L E A P S -  M O D E L - D ATA  A S S I M I L AT I O N
“Model-data assimilation, recent progress and future needs” 
Spring 2008, University of Helsinki, Hyytiälä field station, Finland. 
Organiser: Prof. Timo Vesala

C o n f e r e n c e  M a r i e C u r i e - i L E A P S -  F E E D B A C K S - L A N D - C L I M AT E  D Y N A M I C S  -  
K E Y  G A P S  
“Current understanding of how integrated land ecosystem atmosphere processes influence climate dynamics”
Fall 2008, La Badine, France. 
Organiser: Dr. Nathalie de Noblet

Andy Pitman, Prof. Dr.
This is return home for Andy Pitman, as he was deputy chair of IGBP-BAHC for some years before taking a bit of a rest. 
Andy Pitman, Prof. Dr.
This is return home for Andy Pitman, as he was deputy chair of IGBP-BAHC for some years before taking a bit of a rest. 
Andy Pitman, Prof. Dr.
He joins the IGBP-iLEAPS SSC delighted to be back, and, in the meantime, has become chair of GEWEX-GLASS. He is 
a lead author of Working Group I of the 4th IPCC Assesment Report, continues to work on land surface modelling, model 
evaluation and parameterization development. His recent interests have moved into modelling uncertainty, abrupt change 
in terrestrial systems and extremes. He convenes the Australian Research Council’s network for Earth System Science 
(www.arcness.mq.edu.au) which facilitates Australian research in this area, focussing on removing impediments to national 
and international collaboration, including bringing researchers to Australia to collaborate with locals. He looks forward to con-
tributing to the iLEAPS SSC over the next couple of years and hopes to maintain the collaboration between iLEAPS and 
GEWEX-GLASS that Jan Polcher and Paul Dirmeyer built so effectively.
Department of Physical Geography, Macquarie University, North Ryde, 2109, NSW, Australia. 
Tel: +61 (2) 9850 8425 Fax: +61 (2) 9850 8378 apitman@els.mq.edu.au, www.es.mq.edu.au/physgeog/staff/ap

Chandra Venkataraman, Prof. Dr.
Associate professor of Chemical Engineering at the Indian Institute of Technology, Bombay (India). She has served on scien-
tific committees including the Indian Space Research Organization – Geosphere Biospere Program’s (ISRO-GBP) Working 
Group on Aerosols, Chemistry and Radiation, the Mumbai Urban Transport Project (MUTP), and participated in international 
programs of IGAC, DEBITS and START. She is a principal investigator and participant in aerosol field experiments including 
the Indian Ocean Experiment (INDOEX) and Atmospheric Brown Cloud project (ABC – South Asia), and in scientific projects 
on combustion aerosol characterization, emission inventory development, chemical transport / general circulation modelling of 
regional aerosol transport and radiative effects and aerosol toxicity and effects on biological systems. Her research interests 
are in the areas of aerosol chemistry and radiation, urban and regional scale air quality, chemical transport and receptor mod-
elling, particle interactions with biological interfaces, as well as aerosol delivery of vaccines and drugs.
Department of Chemical Engineering, Indian Institute of Technology, Bombay, Powai, Mumbai-400076, India.
Tel: +91 (22) 2576 7224 Fax:+91 (22) 2572 6895 or 3480 chandra@iitb.ac.iin, www.che.iitb.ac.in/faculty/Chandra.html

Marie Curie Actions are part of the European Commission initiatives to facilitate 
mobility of researchers. iLEAPS organises the following activities during 2007-
2008. Detailed information to come.
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INSTRUCTIONS TO CONTRIBUTORS
The iLEAPS Newsletter informs on iLEAPS-related 
scientific activities. The theme of contributions should 
be relevant to iLEAPS and integrated land-atmosphere 
research. The Newsletter is published twice a year and 
it is released both in printed and on-line versions. For 
the paper version the specified word length according 
to these instructions is enforced. The author may 
provide additional material to be used on the iLEAPS 
web page. 
EDITORIAL. Editorials are around 500 words with or 
without one accompanying figure. Editorials are by 
invitation and feature a personal interpretation and 
evaluation on the theme of the issue.
SCIENTIFIC ARTICLES. Articles are 700-1000 words 
and cover 1-2 pages with accompanying 2-3 pictures 
or figures. Articles can contain the following:
RESULTS of scientific research
SUMMARIES presenting synthesis of recent scientific 
development in land-atmosphere research
POSITION PAPERS stating views and directions in 
scientific research
REPORTS presenting key scientific outcomes of 
programmes, workshops, or meetings.
NEWS. Other than strictly scientific contents will be 
max 200 words and can be for 
PEOPLE presentation
ACTIVITIES report and commentaries
ANNOUNCEMENTS of coming events, job vacancies 
or short news. 
Text and graphs should be provided in separate files. 
Text should be in .doc or .txt. Photographs should be in 
.tiff format, minimum 300dpi. Graphs and figures should 
be in its original format or else as high resolution .tiff. 
or eps images. The contributors are kindly requested to 
handle potential copyright issues of the material. Con-
tributions should be e-mailed to the Executive Editor at 
the iLEAPS IPO.

iLEAPS Science Plan and 
Implementat ion strategy is 

avai lable.
Get your paper copy by contacting 

ileaps-ipo@helsinki.fi  or download the .pdf fi le from 
the iLEAPS web site at

ht tp: / /www.atm.hels inki . f i / i leaps/ 

36           iLEAPS Newsletter 2/2006 May

GEIA-iLEAPS


