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“new or enhanced information about ecosystems” ,
(across sites, biomes, regions/zones)
reveal the large scale patterns and mechanisms
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Data synthesis methods &

e Cross-site synthesis
e Upscaling analysis

e Data-model synthesis
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General patterns &

Respiration as the main determinant
of carbon balance in European forests

R. Valentini', G. Matteucci', A. J. Dolman?, E.-D. Schulze®4,

C. Rebmann®4%, E. J. Moors?Z, A. Granier®, P. Gross®, N. 0. Jensen®,

K. Pilegaard®, A. Lindroth?, A. Grelle®, C. Bernhofer®,

T. Griinwald®, M. Aubinet'®, R. Ceulemans’’, A. S. Kowalski'', T. Vesala'?,
U. Rannik'Z2, P. Berbigier'?, D. Loustau'?, J. Guomundsson'®,

H. Thorgeirsson'®, A. lbrom'®%, K. Morgenstern'®, R. Clement'”?,

J. Moncrieff'?7, L. Montagnani'®, S. Minerbi'® & P. G. Jarvis'”
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Agricultural and Forest Meteorology
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FLUXNET 2000 Synthesis

Environmental controls over carbon dioxide and water vapor
exchange of terrestrial vegetation

B.E. Law®*, E. Falge b 1..Gu*, D.D. Baldocchi®, P. Bakwin9, P. Berbigier©,
K. Davis t_, A.J. Dolman#, M. Falk h 7 D. Fuentes!, A. Goldstein®, A. Granier/,

Ahstract

The objectrve of this research was to compare seasonal and annual estimates of CO, and water vapor exchange across
sites in forests. grasslands. crops, and tundra that are part of an mternational network called FLUXNET. and to mvestigating
the responses of vegetation to environmental vanables. FLUXNETs goals are to understand the mechamisms controlling the
exchanges of CO,. water vapor and energy across a spectrum of time and space scales, and to provide information for modeling
of carbon and water cycling across regions and the globe. At a subset of sites, net carbon uptake (net ecosystem exchange.
the net of photosynthesis and respiration) was greater under diffuse than under direct radiation conditions, perhaps because
of a more efficient distribution of non-saturating light conditions for photosynthesis. lower vapor pressure deficit linmtation
to photosynthesis. and lower respiration associated with reduced temperature. The slope of the relation between monthly
gross ecosystem production and evapotranspiration was similar between biomes, except for tundra vegetation, showing a
strong linkage between carbon gain and water loss integrated over the year (slopes = 3.4 g CO2/kg H>O for grasslands, 3.2
for deciduous broadleaf forests. 3.1 for crops. 2.4 for evergreen comfers. and 1.5 for tundra vegetation). The ratio of annual
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Forming mechanism

Joint control of terrestrial gross primary productivity
by plant phenology and physiology

Jianyang Xia®"?, Shuli Niu™ "2, Philippe CiaisS, Ivan A. Janssens®, Jiquan Chen®, Christof Ammann®, Altaf Arain?,
Peter D. Blanken", Alessandro Cescatti', Damien Bonal’, Nina Buchmann®, Peter S. Curtis', Shiping Chen™,

Jinwei Dong?, Lawrence B. Flanagan", Christian Frankenberg®, Teodoro Georgiadis®, Christopher M. Gough®,
Dafeng Hui", Gerard Kiely®, Jianwei Li®!, Magnus Lund", Vincenzo Magliulo”, Barbara Marcolla®, Lutz Merbold¥,

Leonardo Montagnani*?¥, Eddy J. Moors®, Jorgen E. Olesen®®, Shilong Piao

bb,cc

, Antonio Raschi®?, Olivier Roupsard®®",

Andrew E. Suyker?9, Marek Urbaniak"", Francesco P. Vaccari®®, Andrej Varlagin®, Timo Vesalal**¥, Matthew Wilkinson',
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‘_(-.‘;Iobal Change Biology

Global Change Biology (2011) 17, 3102-3114, doi: 10.1111/}.1365-2486.2011.02459.x

Seasonal hysteresis of net ecosystem exchange in
response to temperature change: patterns and causes

SHULINIU*YF, YIQI LUO®, SHENFENG FEIY, LEONARDO MONTAGNANIIS§, GIL
BOHRERY, IVAN A. JANSSENS|, BERT GIELEN|, SERGE RAMBAL*, EDDY MOORST ¥
and GTORGITO MATTEUCCTI1I
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Drought effects

namre LET TERS

International journal of science

Europe-wide reduction in primary productivity
caused by the heat and drought in 2003

Ph. Ciais!, M. Reichstein?>, N. Viovyl, A. Granier?®, J. Ogées, V. Allard®, M. Aubinet’, N. Buchmann?,

Chr. Bernhofer®, A. Carrara'®, F. Chevallier!, N. De Noblet!, A. D. Friendl, P. Friedlingstein®, T. Griinwald®,

B. Heinesch’, P. Keronen'!, A. Knohl'?!'?, G. Krinner'?, D. Loustau’, G. Manca?+, G. Matteucci15+ F. Miglietta'®
J. M. Ourcival'?, D. Papale K. Pllegaard18 S. Rambal'7, G. Seufer’c15 J. F. Soussana®, M. J. Sanz'%, E. D. Schulze
T. Vesala!! & R. Valentini?

Table 1 | Changes in climate and ecosystem CO; fluxes between 2002 and 2003 at eddy covariance sites

July-September Annual

Site

Code Name Vegetation, main genus Country  Latitude Longitude AT AP AGPP ATER  ANEP set AGPP ATER ANEP s.e”
SA El Saler ENF, pine SP 39.28 0.33 1.7 —-34 —-33 —63 30 7 -84 —460 366 43
CP Castelporziano EBF, oak IT 1171 12.38 35 —42 =47 —21 —26 1 -17 16 —33 86
RO Roccarespampani DBF, oak IT 42.39 1n.92 23 -8 -n7 -89 —28 15 —130 —287 158 95
SR San Rossore ENF, pine IT 4371 17.28 1.8 —120 —-87 —47 —40 1 —344  —292 —51 25
BX Bray ENF, pine FR 44.72 —-0.77 2.9 -4 29 21 8 14 180 -4 294 77
LA Laqueuille GRA, grass FR 45.64 2.75 35 —15 —25 —19 -6 4 -t -7 e N ¥
P Pianosa OSH, juniper IT 42.58 10.07 3.2 —69 5 9 -4 16 -t -7 e N ¥
PU Puéchabon EBF, oak FR 4373 3.58 2.2 +3 —-52 =24 28 6 —206 —91 —115 32
HE Hesse DBF, beech FR 48.67 7.08 2.0 —-53 15 —42 -73 9 —291 —-187 —104 46
VI Vielsalm MF, beech and fir BE 50.30 6.00 1.4 -18 —20 —37 +17 15 -85 203 108 75
TH Tharandt ENF, spruce GE 50.95 13.57 1.0 -121 —41 —10 —31 7 —-208 —53 —155 53
HA Hainich DBF, beech GE 51.07 10.5 1.8 —30 -82 —25 —-57 6 —195 —125 —70 48
SO Soroe DBF, beech DK 55.48 1n.63 03 —-57 —15 -14 -1 7 —158 —183 26 66
HY Hyytiala ENF, pine FI 61.85 24.28 —0.1 -5 -3 10 -13 5 —52 48  —100 30

Key Laboratory of Ecosystem Network Observation and Modeling




Sclence Test traditional theory

Global Convergence in the Temperature Sensitivity of Respiration at Ecosystem Level

Miguel D. Mahecha, Markus Reichstein, Nuno Carvalhais, Gitta Lasslop, Holger Lange, Sonia |. Seneviratne, Rodrigo Vargas,
Christof Ammann, M. Altaf Arain, Alessandro Cescatti, Ivan A. Janssens, Mirco Migliavacca, Leonardo Montagnani and
Andrew D. Richardson

Global Convergence in the
Temperature Sensitivity of Respiration
at Ecosystem Level

Miguel D. Mahecha,*** Markus Reichstein,! Nuno Carvalhais,’> Gitta Lasslt::;:r,1 Holger Langef'
Sonia |. Seneviratne,” Rodrigo Vargas,” Christof Ammann,® M. Altaf Arain,” Alessandro Cescatti,®
lvan A. ]anssens,g Mirco Migliavacca,m Leonardo Montagnani,n‘u Andrew D. Richardson®?

The respiratory release of carbon dioxide (CO;) from the land surface is a major flux in the global carbon
cycle, antipodal to photosynthetic CO, uptake. Understanding the sensitivity of respiratory processes to
temperature is central for quantifying the climate—carbon cycle feedback. We approximated the sensitivity
of terrestrial ecosystem respiration to air temperature (Q40) across 60 FLUXNET sites with the use of a
methodology that circumvents confounding effects. Contrary to previous findings, our results suggest that
Q10 1s iIndependent of mean annual temperature, does not differ among biomes, and is confined to values
around 1.4 + 0.1. The strong relation between photosynthesis and respiration, by contrast, is highly
variable among sites. The results may partly explain a less pronounced climate—carbon cycle feedback
than suggested by current carbon cycle climate models.
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Data synthesis

e Cross-site synthesis
e Upscaling analysis

e Data-model synthesis
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Examples for upscaling analysis

3.1. Model development

Thebestmodel contained the following explanatory variables:
surfacereflectance bands 16, EVI, daytime and ni ghttime LST,
and NDWI (relative ermror = 0.64, average error = 0.986, r = 0.73).
This model achieved slightly higher performance than the full
model (relative error = 0.66, average error = 1.01, r = 0.72). The
selected model consisted of five committee models, each of
which was made of a number of rule-based submodels. For
example, the first committee model was made of 26 rule-based
submodels:

Rule 1: if land cowver = croplands, daytime LST = 30.07,
EVI = 0.40, then

NEE = 20.24 — 430.3B3 +431.7B, + 80.8B; — 108.7Bs
— 23.4EVI +0.22L5 + 11.4NDWI — 27 6B + 4B

50°N

40°N

30°N

B

120°W 10w 100°W 90°'W 80°w I

Rule 2: if land cover in {deciduous forests, savannas},
B > 0.34, NDWI < = —0.36, L; > 18.06, L, > 11.13, then

NEE = —5.54 + 47.2B; — 35B, — 12.7B; — 7B; — 3.6NDWI
+ 8.4Bs + 44Bs —0.4EVI]

Rule 25: if land cover in {deciduous forests, mixed forests,
croplands}, NDWI = 0.02, L,, <= 5.68, then

NEE = 0.40 — 37.6B; + 15.1B, + 89B, + 0.046L,, + 0.9B;
+ 0.4B4

Rule 26: if land cover in {deciduous forests, mixed forests,
croplands), NDWI = 0.02, L,, > 9.68, then

NEE = —2.86 + 56.5B: — 50.5Bs + 14.9NDWI — 2.9B; — 0.5B,
— 0.5B,

AGRICULTURAL AND FOREST METEOROLOGY 148 (2008) 1827-1847

= Agricultural
available at www.sciencedirect.com s

ini
Forest Meteorology

~2s7 . .
*s* ScienceDirect

journal homepage: www.elsevier.com/locate/agrformet

ELSEVIER

Estimation of net ecosystem carbon exchange for the
conterminous United States by combining MODIS and
AmeriFlux data



Examples for upscaling analysis

GPP [gC/m2/yr]

Global patterns of land-atmosphere fluxes of carbon dioxide,

3000
latent heat, and sensible heat derived from eddy covariance, 2600
satellite, and meteorological observations 2000
i : i in.! is.2 i3 1500
Martin Jung,” Markus Reichstein,” Hank A. Margolis,” Alessandro Cescatti,
1000
Table 1. List of Explanatory Variables Used for the Training of MTEs* 500
Variable Type Type of Variability 0
Climate (for Data Stratification)
Mean annual temperature Split static
Mean Anmual precipitation sum Split static
Mean annual climatic water balance Split static
Mean annual Potential evaporation Split static
Mean annual sunshine hours Split static 2500
Mean annual number of wet days Split static
Mean annual relative humidity Split static
Mean monthly temperature Split Monthly but static over y EDGD
Mean monthly precipitation sum Split Monthly but static over y
Mean monthly climatic water balance Split Monthly but static over y 1500
Mean monthly potential evaporation Split Monthly but static over y
Mean monthly sunshine hours Split Monthly but static over y 1000
Mean monthly number of wet days Split Monthly but static over y
Mean monthly relative humidity Split Monthly but static over y 5[:":}
Vegetation Structure
Maximum fAPAR of year Split yearly ﬂ'
Minimum fAPAR of year Split yearly
Maximum-minimum fAPAR Split yearly
Mean annual fAPAR Split yearly
Sum of fAPAR over the growing season Split yearly LE [MJ;’m z,f'yr]
Mean fAPAR of the growing season Split yearly
Growing season length derived from fAPAR Split yearly - -
Sum of fAPAR = potential radiation of year Split yearly L—z g 3000
Maximum of fAPAR = potential radiation of year Split and regression yearly : % 2500
IGBP vegetation type Split static /
Meteorology IIlr 2 DGG
Temperature Split and regression monthly [ 1500
Precipitation Split and regression monthly
Potential radiation Split and regression Monthly but static over years |\ . 1000
Vegetation Status I..'\ SDG
fAPAR Split and regression monthly
fAPAR = potential radiation Split and regression monthly 0




Data synthesis

e Cross-site synthesis
e Upscaling analysis

e Data-model synthesis
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Data-model synthesis

Terrestrial Gross Carbon Dioxide Uptake: Global Distribution and

Covariation with Climate
Christian Beer et al.
Science 329, 834 (2010);

AVAAAS DOI: 10.1126/science.1184984
160 - 3500
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LETTER

doi:10.1038/nature20780

Compensatory water effects link yearly global land
CO3 sink changes to temperature

Martin Jung', Markus Reichstein®?, Christopher R. Schwalm?, Chris Huntingford®*, Stephen Sitch”®, Anders Ahlstrom

Almut Arneth®, Gustau Campsf\fallsg, Philippe Ciais'?, Pierre Fried]ingstein“, Fabian Gans!, Kazuhito Ichii'®!3, Atul K. Jain'4,
Etsushi Kato!®, Dario Papale'®, Ben Poulter', Botond Raduly'®!¥, Christian Rédenbeck!?, Gianluca Tramontana'®, Nicolas Viovy'?,
Ying-Ping Wang??, Ulrich Weber!, Sénke Zaehle'? & Ning Zeng?!-??

6,7
5

: _ 1.0
spatial and temporal scales’ '*. Here we use empirical models

based on eddy covariance data'® and process-based modeis'®"" to
investigate the effect of changes in temperature and water availability
on gross primary productivity (GPP), terrestrial ecosystem
respiration (TER) and net ecosystem exchange (NEE) at local
and global scales. We find that water availability is the dominant
driver of the local interannual variability in GPP and TER. To a
lesser extent this is true also for NEE at the local scale, but when
integrated globally, temporal NEE variability is mostly driven by 0 1 107 102
temperature fluctuations. We suggest that this apparent paradox can Spatial grid-cell resolution (°)

be explained by two compensatory water effects. Temporal water-
driven GPP and TER variations compensate locally, dampening
water-driven NEE variability. Spatial water availability anomalies
also compensate, leaving a dominant temperature signal in the year-
to-year fluctuations of the land carbon sink. These findings help to
reconcile seemingly contradictory reports regarding the importance
of temperature and water in controlling the interannual variability
of the terrestrial carbon balance®**!1214, Qur study indicates that
spatial climate covariation drives the global carbon cycle response. 1980 1990 2000 2010
e
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Case studies on spatial pattern
of carbon fluxes data across
sites
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