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a  b  s  t  r  a  c  t

One  of  the  most  important  linkage  that coupled  terrestrial  carbon  and  water  cycles  is ecosystem  water
use  efficiency  (WUE),  which  is also  relevant  to the  appropriate  ecosystem  management  actions.  The  eddy
covariance technique  provides  continuous  observations  of  carbon  and  water  fluxes  at  the  landscape  level,
presenting  an  opportunity  to infer  ecosystem  WUE  at  daily  or annual  time  scales.  Scaling  up such  mea-
surements  to regional  or national  scale,  however,  remains  challenging.  Few  studies  have  been  reported
on  direct  estimation  of  WUE  from  remotely-sensed  data,  particularly  the  seasonal  dynamics  of  forests.
Therefore,  this  study  aims  to assess  the potential  of tracking  the  variability  in  WUE  by exclusively  using
time-series  MODIS  data  at  8 flux tower  sites  of  temperate  deciduous  forests.  Our  analyses  showed  that
the 8-day  variations  in WUE  were  mainly  subject  to  control  by temperature,  solar  radiation  and  vapor
pressure  deficit.  As a proxy  of plant  response  to the  environmental  controls,  MODIS-derived  vegetation
index  was  found  to strongly  correlate  with  ecosystem  WUE  and  could  be used  for  remote  quantification.
Then,  both  performance  of the indirect  WUE  estimated  from  MODIS  GPP  and  ET products  (WUEMOD) and
the  direct  estimates  from  MODIS  data  using  the  calibrated  temperature  and greenness  (TG)  model  were
evaluated  using  tower-based  measurements  (WUEEC). In general,  WUEEC was  overly  predicted  at  the  start

and end  of the  vegetation  period  and  badly  underestimated  during  the  summertime  by  WUEMOD because
of  the  discrepancy  in GPPMOD. However,  the proposed  TG  model  provided  substantially  good  estimates  of
ecosystem  WUE  in  spite  of  lacking  skills  in monitoring  summer  troughs.  Independent  validation  at  four
additional  sites  further  certified  the  improvement,  which  provided  a  new  framework  for quantifying  the
seasonal  variations  in ecosystem  WUE.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction
Water-use efficiency (WUE) defined as the ratio of car-
on uptake during plant photosynthesis to water loss through

Abbreviations: MODIS, moderate resolution imaging spectrometer; GPP, gross
rimary production by vegetation photosynthesis; ET, evapotranspiration; WUE,
cosystem water-use efficiency; TG, temperature and greenness model developed
n  this study; WUEEC, in situ measurements of WUE  using eddy covariance tech-
ique; WUEMOD, indirect WUE  estimates from MODIS GPP and ET products; WUETG,
UE  estimates using the developed TG model; GPPEC, GPP derived from the eddy

ovariance measurements; GPPMOD, GPP product from MOD17A2 by Zhao et al.;
TEC, ET derived from the eddy covariance measurements; ETMOD, ET product from
OD16A2 by Mu  et al.; NEE, net ecosystem carbon exchange from eddy covariance
easurements; EVI, enhanced vegetation index; LST, land surface temperature; LAI,

eaf  area index; Rg, solar radiation; Ta, air temperature; VPD, vapor pressure defect;
,  natural precipitation.
∗ Corresponding authors.

E-mail addresses: xgtang@niglas.ac.cn (X. Tang), hpli@niglas.ac.cn (H. Li).

ttp://dx.doi.org/10.1016/j.ecoleng.2016.02.022
925-8574/© 2016 Elsevier B.V. All rights reserved.
evapotranspiration, has been widely recognized as an important
linkage coupling the global carbon and water cycles in terrestrial
ecosystems (Beer et al., 2009; Niu et al., 2011). Water availabil-
ity is the primary limiting factor for plant growth in more than
40% of vegetated areas, while another 33% of the area is limited
by cold temperature and frozen soil (Nemani et al., 2003). The
exchanges of both CO2 and water vapor between the biosphere
and atmosphere are controlled by stomatal aperture for leaf-
level WUE  (Cowan, 1977; Farquhar and Sharkey, 1982), while
ecosystem-level WUE  varies among plant properties and environ-
mental conditions (Keenan et al., 2013; Zhou et al., 2014). Because
of its importance as a functional parameter in ecosystem mod-
els, several studies have used a known WUE  to predict terrestrial
gross primary production (GPP) from the measured evapotrans-

piration (ET) for specific ecosystem (Zhang et al., 2012; Yang
et al., 2014). Therefore, the successful applications of these mod-
els to a certain degree rely on the performance of ecosystem WUE
estimation.

dx.doi.org/10.1016/j.ecoleng.2016.02.022
http://www.sciencedirect.com/science/journal/09258574
http://www.elsevier.com/locate/ecoleng
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecoleng.2016.02.022&domain=pdf
mailto:xgtang@niglas.ac.cn
mailto:hpli@niglas.ac.cn
dx.doi.org/10.1016/j.ecoleng.2016.02.022
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Fig. 1. Geographic loc

With the development of eddy covariance technique, long-term
nd continuous measurements of WUE  have become available in
ecent decades (Law et al., 2002; Yu et al., 2008). It directly meas-
res the carbon and water fluxes at the landscape scale across
aried times scales from hours to years (Baldocchi et al., 2001).
evertheless, tower-based observations are spatially limited for
dequate sampling of natural ecosystems. The spatiotemporal vari-
bility of WUE  in large areas has been rarely quantified mainly
wing to the complicated interactions between water and carbon
s well as the uncertainty in the interactive influences of multi-
le environmental controls (Tian et al., 2010; Tang et al., 2015a).
lthough it can be estimated using empirical models driven by
ighly-related meteorological inputs (Wang et al., 2007; Beer et al.,
009; Yang et al., 2013a), it is worthwhile exploring methods to
uantify WUE  entirely from remotely sensed information as this
ould greatly reduce the difficulty in acquiring infrequently mete-
rological data. Hence, how to extrapolate site-level WUE  to large
reas remains a challenge.

Remote sensing techniques have been used to estimate GPP and
T with high spatial and temporal coverage (Sobrino et al., 2007;
u et al., 2010; Donohue et al., 2014; Yang et al., 2013a, 2014),

s both photosynthesis and evapotranspiration are closely related
o biophysical properties and environmental factors (Zhang et al.,
009; Reichstein et al., 2014). By means of MODIS GPP and ET prod-

cts, large-scale ecosystem WUE  can be calculated by dividing GPP
ith ET as defined (Sur and Choi, 2013). Although Tang et al. (2014)
sed these products to evaluate the distribution and changes in the
lobal WUE  of terrestrial ecosystems at the annual time scale, the

able 1
haracteristics of the flux tower sites used in this study.

Sites Latitude Longitude Stand age 

Calibration sites
FR-Hes 48.674◦ N 7.066◦ E ∼35 yr 

US-MMS 39.323◦ N 86.413◦ W ∼70 yr 

US-UMB 45.560◦ N 84.714◦ W 79–90 yr 

IT-Col 41.849◦ N 13.588◦ E 114 yr 

Validation sites
IT-Ro2 42.390◦ N 11.920◦ E 15 yr 

US-WCr 45.806◦ N 90.080◦ W 55–90 yr 

US-Bar 44.065◦ N 71.288◦ W ∼99 yr 

FR-Fon 48.476◦ N 2.780◦ E 100–150 yr 
 of the FLUXNET sites.

consistency with tower-based WUE  on short time scales remains
unclear. Accurate monitoring of seasonal variations in WUE  will
greatly improve our understanding of the climate change–carbon
cycle feedback. Additionally, alternative methods involving direct
estimation of WUE  from satellite data are needed.

Temperate deciduous forests occupy a substantial proportion
of world forests and have been identified as an important sink for
storing atmospheric CO2 as well as mitigating climate change. In
this study, our objectives are: (i) to explore the underlying mech-
anisms of environmental/biological factors that affect the seasonal
variations in WUE; (ii) to examine the performance of MODIS WUE
estimates from GPP and ET products in capturing seasonal dynam-
ics of tower-based WUE  and the possible error source; and (iii) to
propose a new method directly based on the remotely sensed data.

2. Materials and methods

2.1. Study sites description

Our analysis is based on climate and flux data from a total of 8
AmeriFlux and EuroFlux sites where temperate deciduous forests
mainly occupy in the Northern Hemisphere (Fig. 1). These sites
also represent considerable variations in geographical location,
microclimate condition, stand age, and species composition. The

information including site name, latitude/longitude, tree age, max-
imum leaf area index (LAI), years of data used, and references are
summarized in Table 1. The calibration data set comprises four sites
in the eastern United States and mid-western Europe. FR-Hes is

LAI Year used Reference

7.6 2004–2006 Granier et al. (2000)
4.6 2004–2006 Schmid et al. (2000)
3.7 2004–2006 Gough et al. (2008)
5.5 2005, 2007–2008 Valentini et al. (1996)

3.9 2006 Tedeschi et al. (2006)
5.3 2006 Desai et al. (2005)
4.5 2006 Jenkins et al. (2007)
5.1 2007 Kuppel et al. (2012)
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 young beech forest. The stand is mainly composed of naturally
stablished beech (Fagus sylvatica L.), but also contains scattered
arpinus betulus L., Betula pendula Roth, Quercus petraea (Matt.)
iebl., Larix decidua Mill., Prunus avium L. and Fraxinus excelsior L.
he experimental plot of US-MMS  is primarily covered by a sec-
ndary successional broadleaf forest within the maple-beech to
ak-hickory transition zone of the eastern deciduous forest, nearly
/4 of which are sugar maple (Acer saccharum), tulip poplar (Lirio-
endron tulipifera), sassafras (Sassafras albidum), white oak (Quercus
lba), and black oak (Quercus nigra). The University of Michigan Bio-
ogical Station (US-UMB) site is located within a protected forest
wned by the University of Michigan. The arboreal composition of
he forest consists of mid-aged northern hardwoods, aspen, and
ld-growth hemlock. The montane deciduous forest site (IT-Col)
s a mature natural-origin stands, with Fagus sylvatica L. as the
ominant tree specie.

The validation data set comprises four additional flux sites that
re widely distributed in the major areas of temperate deciduous
orests and subject to various management regimes. The climate
f IT-Ro2 is Mediterranean with a drought period in summer of
pproximately 2 months. Quercus cerris L. is the dominant over-
torey species, but Q. pubescens L., Q. suber L. and Q. ilex L. also
poradically occurs. US-WCr is located in the upland mature decid-
ous forests of the Chequamegon–Nicollet National Forest and
upervised by the USDA-Forest Service. This site primarily consists
f sugar maple (Acer saccharum Marsh.; 68%), American basswood
Tilia americana L.; 24%) and green ash (Fraxinus pennsylvanica

arsh.; 8%). The Bartlett Experimental Forest site (US-Bar) lies in
he White Mountains National Forest in New Hampshire of USA.
lants are dominated by northern hardwoods such as American
eech (Fagus grandifolia), sugar maple (Acer saccharum), yellow
irch (Betula alleghaniensis),  with some red maple (Acer rubrum)
nd paper birch (Betula papyrifera).  The experiment plot of FR-Fon
s a managed mature oak forest (Quercus petraea L., 100–150 years
ld) with a dense understorey of coppiced hornbeam (Carpinus
etulus L.). These sites are used to verify the performance of the
eveloped model.

.2. Site-specific climate and flux data

Tower-based measurements of CO2, H2O, energy and routine
eteorological variables at these forest sites were obtained from

he FLUXNET community, a network coordinating global analyses
f observations from micrometeorological technique (Baldocchi
t al., 2001). It provides continuous site-specific climate and
ux data at the ecosystem scale with various levels of data. The

evel-4 weekly product in this study consists of the meteorological
ariables including global solar radiation (Rg), air temperature (Ta),
apor pressure deficit (VPD) and precipitation (P), as well as mea-
urements of canopy-scale water vapor flux (LE) and GPP estimates
erived from CO2 fluxes. The original CO2 flux data (NEE) are gap-
lled using the marginal distribution sampling (MDS) and artificial
eural network (ANN) methods, respectively. The ANN method is
enerally superior to the MDS  method (Papale and Valentini, 2003;
eichstein et al., 2005; Tang et al., 2012a). Therefore, the gap-filled
EE and GPP data based on the ANN method are used in this study.
ata were quality checked and gaps resulting from system failure
r data rejection were filled using standardized methods to provide
omplete and standardized data sets (Reichstein et al., 2005; Moffat
t al., 2007). Three years of data for each calibration site and one-
ear data for each validation site were used for analyses (Table 1).

WUE can be calculated in various ways based on scientific dis-

iplines and the temporal and spatial scales of interest (Kuglitsch
t al., 2008; Zhou et al., 2014). Here we used the ecosystem-level
efinition (WUE; g C kg−1 H2O) as the ratio of 8-day GPP to ET
Law et al., 2002; Hu et al., 2008). The measured latent heat (LE;
ering 91 (2016) 381–391 383

w/m2) fluxes were used to determine water loss (ET; mm/day) by
multiplying a factor of 0.035 with the formula ET = LE/� (� repre-
sented the amount of energy to evaporate a unit weight of water,
2,454,000 J kg−1).

2.3. MODIS products and processing

MODIS-based estimates of terrestrial GPP and ET have been
developed and continuously improved over the past decade (Yang
et al., 2013a; Tang et al., 2014). The previous Collection 4 GPP prod-
uct presents several errors because of problems in the upstream
inputs. Zhao et al. (2005) improved the data processing methods
and modified the parameters in the algorithm used to generate
the improved Collection 5 MOD17 product. The 8-day composite
1 km fraction of photosynthetically active radiation (FPAR) and LAI
data from the MODIS sensor were used as remotely sensed vegeta-
tion property for dynamic inputs to the algorithm. Data gaps in the
8-day temporal MODIS FPAR/LAI caused by cloudiness were filled
with information from accompanying quality assessment flags. For
the daily meteorological data required, 6-hourly reanalysis II data
of the National Center for Environmental Prediction/Department of
Energy (NCEP/DOE) were implemented. Monthly and annual GPP
averages were derived by summing up each 8-day period. Mu et al.
(2011) also improved a satellite remote sensing-based ET algorithm
to assess global terrestrial ET by using MODIS and global meteorol-
ogy data. The process employed were as follows: (1) simplifying
the calculation of vegetation cover fraction; (2) calculating ET as
the sum of daytime and nighttime components; (3) adding soil
heat flux calculation; (4) improving estimates of stomatal conduc-
tance, aerodynamic resistance and boundary layer resistance; (5)
separating dry canopy surface from the wet; and (6) dividing soil
surface into saturated wet  and moist surfaces. Both MODIS GPP
and ET products at 8-day time scale can be freely downloaded
from http://www.ntsg.umt.edu/project. Ecosystem WUE  can be
indirectly acquired by dividing MODIS GPP with ET.

Moreover, the 8-day Land Surface Reflectance (MOD09A1, with
a resolution of 500 m)  and Land Surface Temperature/Emissivity
(LST-MOD11A2 & MYD11A2, with a resolution of 1 km)  data from
one MODIS pixel where these flux tower sites lay, were down-
loaded from the Oak Ridge National Laboratory’s Distributed Active
Archive Center website (http://daac.ornl.gov/MODIS/). Reflectance
values of three spectral bands (blue, red, and near infrared
(841–875 nm)) were used to calculate the enhanced vegetation
index (EVI) developed by Huete et al. (2002). It is defined as:

EVI = 2.5
�nir − �red

�nir + (6�red − 7.5�blue) + 1
(1)

where �nir, �red, and �blue are the spectral reflectance in MODIS
bands 2, 1 and 3, respectively. Cloudy observations in vegeta-
tion index were gap-filled using a simple gap-filling method and
the cloud quality flag in the surface reflectance files (Xiao et al.,
2003). Chen et al. (2015) suggested that a reasonable representation
of vegetation phenology and biophysical processes in ecosystem
models was helpful to accurately simulate land surface exchanges.
Thus, the phenological information of each site-year was also
extracted from the time-series MODIS EVI data to distinguish the
growing and dormant seasons. The processing procedure has been
described in detail by Tang et al. (2013). The MODIS LST products
provide spatial estimates of the near-surface temperature with two
sets of data named LST-Day and LST-Night. The frequency of acqui-
sition can be up to 4 times per day if Terra and Aqua data were

combined (Hachem et al., 2012). Notably, LST here represents the
mean daily value of LST-Day and LST-Night to match the ground-
based air temperature (Ta). MYD11A2 was used to fill the missing
LST values of MOD11A2.

http://www.ntsg.umt.edu/project
http://www.ntsg.umt.edu/project
http://www.ntsg.umt.edu/project
http://www.ntsg.umt.edu/project
http://www.ntsg.umt.edu/project
http://www.ntsg.umt.edu/project
http://daac.ornl.gov/MODIS/
http://daac.ornl.gov/MODIS/
http://daac.ornl.gov/MODIS/
http://daac.ornl.gov/MODIS/
http://daac.ornl.gov/MODIS/
http://daac.ornl.gov/MODIS/


384 X. Tang et al. / Ecological Engineering 91 (2016) 381–391

Fig. 2. Seasonal variations of solar radiation (Rg), air temperature (Ta), vapor pressure deficit (VPD), precipitation (P), MODIS-derived vegetation index (EVI) and land surface
t ciduou
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emperature (LST) observed at the four flux tower calibration sites of temperate de

.4. Statistical analysis

The MODIS observation periods are consistent with tower-based
easurements for comparison. Firstly, the performance of MODIS-

erived WUE  estimates from time-series GPP and ET products was

xamined to determine the variability in ecosystem WUE. Pearson’s
orrelation analysis was then conducted to explore the regulatory
echanisms between ecosystem WUE  and controlling environ-
ental/biophysical factors for temperate deciduous forests. Based
s forests during the period of 2005.

on analysis results, this study aims to propose an alternative
method to track the temporal changes in ecosystem WUE  by exclu-
sive use of remotely sensed data. In order to explore the potential of
upscaling tower-based measurements to large scales, the robust-
ness of the calibrated model was tested at four additional forest

sites. Model performance was comprehensively evaluated using
coefficient of determination (R2), root mean squared error (RMSE),
scatter plot comparison, and seasonal variations in predicted WUE
against in situ WUE.
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ig. 3. Seasonal dynamics of 8-day ecosystem water use efficiency from tower-ba
nd  ET products (WUEMOD) at the four flux tower calibration sites of temperate dec

. Results

.1. Seasonal variations in ecosystem WUE  with
nvironmental/biological controls

The latitudinal span of these flux tower sites is about 10◦ from
he south to the north. Characteristics of local climate directly affect
lant growth and ecosystem functions related to gas and energy
xchanges (Desai et al., 2008; Hu et al., 2008; Reichstein et al.,
014). Thus, it is necessary to explore how ecosystem WUE  of tem-
erate deciduous forests correlated with these environmental and
iological controls. Seasonal variations in 8-day WUE  derived from
ux measurements (WUEEC) with the meteorological conditions

ncluding Rg, Ta, VPD, P and the MODIS-derived parameters–EVI and

ST at the four calibration sites were illustrated in Figs. 2 and 3. The
hysical performance of these biotic and abiotic factors explaining
he variability in WUE  was also examined using Pearson’s correla-
ion analysis (Table 2).
easurements (WUEEC) and the indirect satellite-based estimates from MODIS  GPP
s forests in Table 1.

Time-series WUE  dynamics demonstrated the distinct seasonal
patterns that strongly covaried with Ta, Rg and VPD. At the 8-day
time scale, the strongest correlation was found in Ta, followed by
Rg and VPD, and the weakest in P. During the dormant periods,
the canopy was nearly bare. Low temperature and frozen soils hin-
dered the plant growth and photosynthetic activities, and WUE
values were nearly zero. As temperature rose and leaves flushed,
vegetation began to grow and ecosystem photosynthesis capability
gradually increased accompanying by plant transpiration with an
abrupt increase in WUE. Consequently, ecosystem WUE  retained
high values nearly throughout the vegetation season. However, a
trough was  found during the peak period of deciduous forests at
certain site-years such as IT-Col, which was  partly explained by the
driest summer months. Reichstein et al. (2002) also found a similar

pattern in WUE  at three Mediterranean evergreen forest sites with
the maximum in winter and the minimum in the peak vegetative
season, and they attributed it to the effects of drought. Although
natural rainfall is vital to plant growth as the only water supply, the
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Table 2
Correlation analysis between ecosystem water-use efficiency and the controlling environmental/biophysical factors at the four flux tower sites of temperate deciduous
forests.

Site GPP (g C m−2 d−1) ET (mm  d−1) Rg (MJ  m−2 d−1) Ta (◦C) VPD (h Pa) P (mm d−1) LST (K) EVI

WUE

FR-Hes 0.814** 0.646** 0.653** 0.722** 0.558** 0.182 0.719** 0.809**

US-MMS 0.886** 0.806** 0.714** 0.797** 0.510** 0.078 0.787** 0.918**

US-UMB 0.899** 0.863** 0.605** 0.867** 0.755** 0.226 0.837** 0.908**

IT-Col 0.845** 0.610** 0.663** 0.696** 0.378** – 0.685** 0.827**

s
p
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t
d
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q
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v
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e
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3
s

3

G
p
t
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G

All 0.779** 0.503** 0.581**

** Correlation is significant at the 0.01 level.

easonal patterns of P poorly agreed with ecosystem WUE. In com-
arison with Ta, MODIS-derived LST was in good agreement with
UE  despite a slightly weaker correlation. As a proxy of vegeta-

ion response to the environmental factors, time-series MODIS EVI
ata exhibited consistent variability in WUE  and reflected the sea-
onal cycles. The correlation coefficients at four forest sites ranged
rom 0.809 to 0.918, which indicated the great potential of remotely
uantifying seasonal variations in WUE  by using MODIS EVI data.

f combined together, it reached up to 0.752. These coincident
ariations favored high efficiency of water consumption. Previous
ndings also proved that MODIS data can be effectively applied to
onitor GPP and ET dynamics in forests (Desai et al., 2008; Yang

t al., 2013a), crops (Glenn et al., 2011; Wagle et al., 2015), and
rasslands (Niu et al., 2011; Zhu et al., 2014).

.2. Quantification of the variability in WUE  from satellite remote
ensing data

.2.1. Indirect MODIS WUE  estimates from GPP and ET products
Ecosystem WUE  can be indirectly estimated by dividing MODIS

PP with ET product. Nevertheless, few studies have certified its

erformance at the 8-day time scale. Fig. 3 exhibited the consis-
ency between WUEMOD and WUEEC at the four calibration sites.
s WUEEC changes, WUEMOD only captured the broad trend with

wo pronounced biases at all sites. These estimates significantly

ig. 4. Multiple comparisons of temporal changes in 8-day ecosystem water use efficienc
PP  and ET products (WUEMOD), and the direct estimates on the use of MODIS EVI and LS
0.636** 0.443** 0.066 0.618** 0.752**

overpredicted WUEEC at the beginning and end of the vegetation
seasons. Conversely, ecosystem WUE  throughout the summertime
was poorly underestimated, which was  particularly remarkable for
FR-Hes with a nearly constant value about 2 g C kg−1 H2O. Com-
pared with WUEEC, WUEMOD fluctuated more severely during the
peak periods at US-MMS  and US-UMB. However, WUEEC showed
the maximum at the onset of summertime which was not well cap-
tured by WUEMOD at IT-Col. Therefore, an alternative method was
needed to accurately monitor ecosystem dynamics of WUE.

3.2.2. A novel method to estimate WUE  by exclusive use of
time-series MODIS data

Correlations between ecosystem WUE  with MODIS-derived EVI
and LST data indicated the potential of predicting WUEEC of temper-
ate deciduous forest by using these remotely sensed variables. This
study aimed to propose a general model to extrapolate site-level
observations to different time and space scales. Therefore, a sim-
ple linear temperature and greenness (TG) model was developed
using a combination of 8-day MODIS EVI and LST products. Then,
ecosystem WUE  of temperate deciduous forests can be calculated

using Eq. (2) as follows:

WUETG = −10.16 ± 3.18 + 8.14 ± 0.57 × EVI

+ 0.032 ± 0.012 × LST (2)

y from tower-based measurements (WUEEC), the indirect predictions from MODIS
T data (WUETG) at the four flux tower validation sites.
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Fig. 5. Scatter plot of relationships between 8-day tower-based ecosystem water
u
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f
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s
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se efficiency with the indirect predictions from MODIS GPP and ET products
WUEMOD), and the direct estimates on the use of MODIS EVI and LST data (WUETG)
t  the four flux tower validation sites.

As the performance of the calibrated model to other deciduous
orests directly affected spatial upscaling, tower-based measure-

ents of carbon and water fluxes at four additional flux sites were
sed for independent validation.

As shown in Figs. 4 and 5, overall, the proposed model estimated
-day ecosystem WUE  reasonably well with reference to tower-
ased measurements. The scatter plots between WUETG and WUEEC
lso exhibited a nearly linear relationship. At the four validation
ites, R2 ranged from 0.74 to 0.83 and RMSE values were found
etween 0.75 and 1.15 g C kg−1 H2O. The TG model performed a
ignificant potential to monitor seasonal variations in ecosystem
UE  of temperate deciduous forests. However, few periods of 8-
ay WUEEC were slightly underestimated during the vegetation
eason and the typical feature of summer trough in ecosystem WUE
as insufficiently captured. Nevertheless, WUEMOD behaved badly
ering 91 (2016) 381–391 387

across the four sites. The corresponding R2 and RMSE ranged from
0.02 to 0.48 and 1.23 to 1.98 g C kg−1 H2O, respectively. Therefore,
compared with WUEMOD, WUETG provided substantially better
WUE  estimates of temperate deciduous forests and could be used
as a new framework for regional extrapolation.

4. Discussion and conclusion

With global environmental issues such as changes in climate
and land use/land cover, carbon and water cycles must be deeply
understood to propose appropriate ecosystem management (Piao
et al., 2007; Chapin et al., 2010; Ito and Inatomi, 2012) and for eco-
hydrology, which is recently developed interdisciplinary research
field. Despite the encouraging performance of the TG model in
monitoring the seasonal dynamics in ecosystem WUE  of temper-
ate deciduous forests, these WUE  estimates still contain plenty of
uncertainties and much efforts is needed for improvement.

4.1. Uncertainties in MODIS GPP and ET products

Although remote sensing is the only method that can be used
to upscale carbon and water cycles, owing to the defects in the
algorithm of MODIS GPP and ET themselves, the indirect WUE
estimation remains unsatisfactory. In addition, even WUEMOD per-
forms well at the annual time scale, the compensating errors may  be
serious at short periods (Figs. 2 and 3). Thus, ongoing examination
of GPP and ET products is needed to improve the 8-day variations
in ecosystem WUE.

This study revealed that large uncertainties existed in the
coupling processes using MODIS GPP and ET products. Such uncer-
tainties can be attributed to the algorithm, various upstream inputs,
and biome-specific parameters stored in the Biome Properties
Look-Up Table (Yang et al., 2013b, 2015; Tang et al., 2015b). Fur-
ther analysis must be performed to determine whether GPP  or ET
contributed more to the observed discrepancies in ecosystem WUE.
Therefore, the seasonal patterns of GPP and ET from flux measure-
ments and the MODIS estimates were compared to explore the
possible reasons. As shown in Fig. 6, in general, GPPMOD showed
a poor agreement whereas ETMOD performed relatively well at the
four forest sites except several 8-day periods. Previous studies also
confirmed the reliable ETMOD for croplands relying completely on
rainfall (Cammalleri et al., 2014; Tang et al., 2015a) and evergreen
forests (Liu et al., 2015). The large underestimation of GPPMOD
during the vegetation periods may  lead to a similar pattern in
ecosystem WUE. Fig. 7 illustrated the overall potential of WUE
when using both MODIS-derived and tower-based GPP  and ET esti-
mates. The strong correlation between GPP and ET across sites
demonstrated that carbon and water cycles were tightly coupled.
In fact, the slope of the relationship can also be an indicator. Ecosys-
tem WUE  across the four sites ranged from 3.31 to 3.77 g C kg−1 H2O
with no apparent distinction. However, the potential was  mon-
itored poorly for US-WCr, followed by FR-Fon and IT-Ro2, and
relatively satisfactory at US-Bar. The strong positive relationship
between ET and GPP implied that higher ET corresponded to a
higher carbon uptake of GPP, which also provided possibility to
estimate GPP by ET with accurate ecosystem WUE.

4.2. Uncertainties in the MODIS WUE  estimates from the TG
model

The present study showed the skill in monitoring the variability

in ecosystem WUE  by exclusive use of time-series MODIS EVI and
LST data. However, it remains challenging for accurately predict-
ing the response of WUE  to extreme climate events, which was
ascribed to the incomplete representation of actual carbon and
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Fig. 6. Seasonal dynamics in 8-day GPP and ET between tower-based measurements (GPPEC, ETEC) and the corresponding MODIS estimates (GPPMOD, ETMOD) at the four flux
tower  validation sites.

Fig. 7. The relationships between tower-based and MODIS-derived GPP and ET products for the four flux tower validation sites. The slope of the relationship can also be
considered as an indicator of ecosystem WUE.
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ig. 8. A linear comparison between observed air temperature (Ta) with MODIS-
erra/Aqua daytime acquisitions).

ater cycles, parameters and states in models (Abramowitz and
itman, 2007). WUE  represents interactions between the carbon
nd water cycles at leaf to ecosystem scales. GPP is controlled by
anopy development, nutrient status, sunlight, temperature, ambi-
nt humidity, CO2 concentration, and soil moisture (Zhang et al.,
009; Moreno et al., 2012). ET is the total water vapor flux consist-

ng of evaporation from soil, plant transpiration and evaporation of
he intercepted rainfall. It is a complex process related to many vari-
bles including relative humidity, temperature, wind speed, soil
ater content and vegetation status (Wilson and Baldocchi, 2000;
ang et al., 2010; Romaguera et al., 2014). Thus, the use of subsets
f these factors to determine the variability in ecosystem WUE,
hich is typical for the developed model, may  limit the precision.

here have been considerable interests in using satellite-based LST
easurements for explaining biological, hydrological and clima-

ological systems (Sims et al., 2008; Tang et al., 2012b; Wu  et al.,
014). LST has also been shown closely related to VPD (Hashimoto
t al., 2008; Singh, 2010) and thus may  provide a measure of
rought stress. As shown in Fig. 8, LST-Day values (LSTD) tended to
e generally higher than the mean daily Ta. Fortunately, the combi-
ation of Aqua and Terra LST-Day and LST-Night acquisitions into a
ean daily value provided a large number of LST observations and a

etter overall agreement with Ta than LSTD only did. 8-day ground-

ased near-surface Ta and MODIS-derived LST product distributed
losely around the 1:1 line with R2 ranging from 0.89 to 0.97 at
he four sites. This finding revealed a great potential for monitor-
ng spatial variations of near-surface air temperature. Moreover,
 LST (combined Terra/Aqua daytime/nighttime acquisitions) and LSTD (combined

Ricciuto et al. (2008) found that reproducing the dynamics of bio-
geochemical cycles in the transition seasons of spring and autumn
was difficult and indicated that the main factors can be ascribed to
rapid responses of vegetation growth to temperature change during
periods of emergence and senescence. Muraoka et al. (2010) also
examined the seasonal and interannual variations in forest canopy
LAI that remarkably affected GPP, which suggested the importance
of phenology when analyzing and predicting carbon fixation in
forest ecosystems. However, the proposed TG model avoided this
problem occurred by WUEMOD, which may  be correlated with the
embedded phenological information in time-series EVI data.

4.3. Uncertainties in the tower-based measurements

Eddy covariance technique provides the optimal method to
measure net CO2 exchange and hydrothermal fluxes for GPP and
ET calculation. However, these flux measurements also contained
uncertainties including random error and systematic error (Scott
et al., 2004; Dragoni et al., 2007). Ideally the systematic error can be
amended, but in the case of EC measurements it is still constrained
because of the limited understanding regarding various error
sources and insufficient background data (Post et al., 2015). After
all, GPP is not directly measured by EC tower but is inferred by

partitioning NEE into GPP and ecosystem respiration through a
light response curve approach (Lasslop et al., 2010). However, in
some cases in which the above-canopy fluxes are decoupled from
the surface, nighttime respiration may  be underestimated and
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onsequently GPP was overestimated (Aubinet et al., 2002; Heinsch
t al., 2006). In addition, Wu et al. (2005) compared ET estimates
sing the Bowen-ratio energy balance (BREB) method with ET
easurements in a temperate mixed forest. The BREB-based

stimates of ET were within 6% of the EC estimates over 1-month
easurement period. Energy closure ratios is another way to

ssess validity with a usual range of 0.53–0.99 (Wilson et al., 2002).
Although the TG model is empirical and statistical, fairly good

stimates of seasonal variations in ecosystem WUE  are provided.
oreover, in many cases, it is far better than the complex MODIS
UE estimates from GPP and ET products, which requires a great

umber of meteorological and physiological parameters in addition
o remote sensing data. Generally, the physical models are favor-
ble for explaining the underlying mechanisms while the empirical
odels are convenient to extrapolate by the community. Work is

ngoing to assess the TG model using more EC sites to develop a
obust and general approach for terrestrial ecosystems.

cknowledgments

This study was jointly supported by the National Natural Science
oundation of China (41401221, 41271500), the Natural Science
oundation of Jiangsu Province, China (BK20141058, BK20141513)
nd the Key Research Program of the Chinese Academy of Sci-
nces (KZZD-EW-10-04). This work used tower-based flux data
rom the AmeriFlux and EuroFlux networks. A large number of
echnicians, graduate and doctoral students are acknowledged for
elp in site management, data collection and elaboration. We also
hank China Scholarship Council and Swiss Government Excellence
cholarship.

eferences

bramowitz, G., Pitman, A., 2007. Systematic bias in land surface models. J. Hydrom-
eteorol. 8, 989–1001.

ubinet, M., Heinesch, B., Longdoz, B., 2002. Estimation of the carbon sequestration
by  a heterogeneous forest: night flux corrections, heterogeneity of the site and
inter-annual variability. Global Change Biol. 8, 1053–1071.

aldocchi, D., Falge, E., Gu, L.H., Olson, R., Hollinger, D., Running, S., Anthoni, P.,
Bernhofer, C., Davis, K., Evans, R., Fuentes, J., Goldstein, A., Katul, G., Law, B., Lee,
X.H.,  Malhi, Y., Meyers, T., Munger, W.,  Oechel, W.U.K.T.P., Pilegaard, K., Schmid,
H.P., Valentini, R., Verma, S., Vesala, T., Wilson, K., Wofsy, S., 2001. FLUXNET: a
new  tool to study the temporal and spatial variability of ecosystem-scale carbon
dioxide, water vapor, and energy flux densities. Bull. Am.  Meteorol. Soc. 82,
2415–2434.

eer, C., Ciais, P., Reichstein, M.,  Baldocchi, D., Law, B.E., Papale, D., Soussana, J.F.,
Ammann, C., Buchmann, N., Frank, D., Gianelle, D., Janssens, I.A., Knohl, A., Kost-
ner, B., Moors, E., Roupsard, O., Verbeeck, H., Vesala, T., Williams, C.A., Wohlfahrt,
G.,  2009. Temporal and among-site variability of inherent water use efficiency
at  the ecosystem level. Global Biogeochem. Cycles 23, GB2018.

ammalleri, C., Anderson, M.C., Gao, F., Hain, C.R., Kustas, W.P., 2014. Mapping daily
evapotranspiration at field scales over rainfed and irrigated agricultural areas
using remote sensing data fusion. Agric. Forest Meterol. 186, 1–11.

hapin, F.S., Carpenter, S.R., Kofinas, G.P., Folke, C., Abel, N., Clark, W.C., Olsson, P.,
Smith, D.M.S., Walker, B., Young, O.R., Berkes, F., Biggs, R., Grove, J.M., Naylor, R.L.,
Pinkerton, E., Steffen, W.,  Swanson, F.J., 2010. Ecosystem stewardship: sustaina-
bility strategies for a rapidly changing planet. Trends Ecol. Evol. 25, 241–249.

hen, M.,  Griffis, T.J., Baker, J., Wood, J.D., Xiao, K., 2015. Simulating crop phenology
in  the Community Land Model and its impact on energy and carbon fluxes. J.
Geophys. Res. 120, 310–325.

owan, I.R., 1977. Stomatal behavior and environment. Adv. Bot. Res. 4, 117–228.
esai, A.R., Bolstad, P.V., Cook, B.D., Davis, K.J., Carey, E.V., 2005. Comparing net

ecosystem exchange of carbon dioxide between an old-growth and mature for-
est  in the upper Midwest, USA. Agric. Forest Meteorol. 128, 33–55.

esai, A.R., Noormets, A., Bolstad, P.V., Chen, J.Q., Cook, B.D., Davis, K.J., Euskirchen,
E.S., Gough, C.M., Martin, J.G., Ricciuto, D.M., Schmid, H.P., Tang, J.W., Wang,
W.G., 2008. Influence of vegetation and seasonal forcing on carbon dioxide fluxes
across the Upper Midwest, USA: implications for regional scaling. Agric. Forest
Meteorol. 148, 288–308.

onohue, R.J., Hume, I.H., Roderick, M.L., McVicar, T.R., Beringer, J., Hutley, L.B., Gal-
lant, J.C., Austin, J.M., van Gorselh, E., Cleverly, J.R., Meyer, W.S., Arndt, S.K.,

2014. Evaluation of the remote-sensing-based DIFFUSE model for estimating
photosynthesis of vegetation. Remote Sens. Environ. 155, 349–365.

ragoni, D., Schmid, H.P., Grimmond, C.S.B., Loescher, H.W., 2007. Uncertainty of
annual net ecosystem productivity estimated using eddy covariance flux mea-
surements. J. Geophys. Res. 112.
ering 91 (2016) 381–391

Farquhar, G.D., Sharkey, T.D., 1982. Stomatal conductance and photosynthesis. Annu.
Rev. Plant Physiol. 33, 317–345.

Glenn, E.P., Neale, C.M.U., Hunsaker, D.J., Nagler, P.L., 2011. Vegetation index-based
crop coefficients to estimate evapotranspiration by remote sensing in agricul-
tural and natural ecosystems. Hydrol. Process. 25, 4050–4062.

Gough, C.M., Vogel, C.S., Schmid, H.P., Su, H.B., Curtis, P.S., 2008. Multi-year conver-
gence of biometric and meteorological estimates of forest carbon storage. Agric.
Forest Meteorol. 148, 158–170.

Granier, A., Ceschia, E., Damesin, C., Dufrene, E., Epron, D., Gross, P., Lebaube, S.,
Le  Dantec, V., Le Goff, N., Lemoine, D., Lucot, E., Ottorini, J.M., Pontailler, J.Y.,
Saugier, B., 2000. The carbon balance of a young Beech forest. Funct. Ecol. 14,
312–325.

Hachem, S., Duguay, C.R., Allard, M.,  2012. Comparison of MODIS-derived land sur-
face temperatures with ground surface and air temperature measurements in
continuous permafrost terrain. Cryosphere 6, 51–69.

Hashimoto, H., Dungan, J.L., White, M.A., Yang, F., Michaelis, A.R., Running, S.W.,
Nemani, R.R., 2008. Satellite-based estimation of surface vapor pressure deficits
using MODIS land surface temperature data. Remote Sens. Environ. 112,
142–155.

Heinsch, F.A., Zhao, M.S., Running, S.W., Kimball, J.S., Nemani, R.R., Davis, K.J., Bol-
stad, P.V., Cook, B.D., Desai, A.R., Ricciuto, D.M., Law, B.E., Oechel, W.C., Kwon, H.,
Luo, H.Y., Wofsy, S.C., Dunn, A.L., Munger, J.W., Baldocchi, D.D., Xu, L.K., Hollinger,
D.Y., Richardson, A.D., Stoy, P.C., Siqueira, M.B.S., Monson, R.K., Burns, S.P., Flana-
gan, L.B., 2006. Evaluation of remote sensing based terrestrial productivity from
MODIS using regional tower eddy flux network observations. IEEE Trans. Geosci.
Remote 44, 1908–1925.

Hu, Z.M., Yu, G.R., Fu, Y.L., Sun, X.M., Li, Y.N., Shi, P.L., Wang, Y.F., Zheng, Z.M.,
2008. Effects of vegetation control on ecosystem water use efficiency within
and  among four grassland ecosystems in China. Global Change Biol. 14,
1609–1619.

Huete, A., Didan, K., Miura, T., Rodriguez, E.P., Gao, X., Ferreira, L.G., 2002. Overview of
the radiometric and biophysical performance of the MODIS vegetation indices.
Remote Sens. Environ. 83, 195–213.

Ito, A., Inatomi, M., 2012. Water-use efficiency of the terrestrial biosphere: a model
analysis focusing on interactions between the global carbon and water cycles. J.
Hydrometeor. 13, 681–694.

Jenkins, J.P., Richardson, A.D., Braswell, B.H., Ollinger, S.V., Hollinger, D.Y., Smith,
M.L., 2007. Refining light-use efficiency calculations for a deciduous forest
canopy using simultaneous tower-based carbon flux and radiometric measure-
ments. Agric. Forest Meteorol. 143, 64–79.

Keenan, T.F., Hollinger, D.Y., Bohrer, G., Dragoni, D., Munger, J.W., Schmid, H.P.,
Richardson, A.D., 2013. Increase in forest water-use efficiency as atmospheric
carbon dioxide concentrations rise. Nature 499, 324–328.

Kuglitsch, F.G., Reichstein, M.,  Beer, C., Carrara, A., Ceulemans, R., Granier, A.,
Janssens, I.A., Koestner, B., Lindroth, A., Loustau, D., Matteucci, G., Montagnani,
L.,  Moors, E.J., Papale, D., Pilegaard, K., Rambal, S., Rebmann, C., Schulze, E.D.,
Seufert, G., Verbeeck, H., Vesala, T., Aubinet, M.,  Bernhofer, C., Foken, T., Grün-
wald, T., Heinesch, B., Kutsch, W.,  Laurila, T., Longdoz, B., Miglietta, F., Sanz,
M.J., Valentini, R., 2008. Characterisation of ecosystem water-use efficiency of
European forests from eddy covariance measurements. Biogeosci. Discuss. 5,
4481–4519.

Kuppel, S., Peylin, P., Chevallier, F., Bacour, C., Maignan, F., Richardson, A.D., 2012.
Constraining a global ecosystem model with multi-site eddy-covariance data.
Biogeosciences 9, 3757–3776.

Lasslop, G., Reichstein, M.,  Papale, D., Richardson, A.D., Arneth, A., Barr, A., Stoy, P.,
Wohlfahrt, G., 2010. Separation of net ecosystem exchange into assimilation
and respiration using a light response curve approach: critical issues and global
evaluation. Global Change Biol. 16, 187–208.

Law, B.E., Falge, E., Gu, L., Baldocchi, D.D., Bakwin, P., Berbigier, P., Davis, K., Dol-
man, A.J., Falk, M.,  Fuentes, J.D., Goldstein, A., Granier, A., Grelle, A., Hollinger,
D.,  Janssens, I.A., Jarvis, P., Jensen, N.O., Katul, G., Malhi, Y., Matteucci, G., Mey-
ers, T., Monson, R., Munger, W.,  Oechel, W.,  Olson, R., Pilegaard, K., Paw, U.K.T.,
Thorgeirsson, H., Valentini, R., Verma, S., Vesala, T., Wilson, K., Wofsy, S., 2002.
Environmental controls over carbon dioxide and water vapor exchange of ter-
restrial vegetation. Agric. Forest Meterol. 113, 97–120.

Liu, Z., Shao, Q., Liu, J., 2015. The performances of MODIS-GPP and -ET prod-
ucts  in China and their sensitivity to input data (FPAR/LAI). Remote Sens. 7,
135–152.

Moffat, A.M., Papale, D., Reichstein, M.,  Hollinger, D.Y., Richardson, A.D., Barr,
A.G., Beckstein, C., Braswell, B.H., Churkina, G., Desai, A.R., Falge, E., Gove, J.H.,
Heimann, M., Hui, D., Jarvis, A.J., Kattge, J., Noormets, A., Stauch, V.J., 2007. Com-
prehensive comparison of gap-filling techniques for eddy covariance net carbon
fluxes. Agric. Forest Meteorol. 147, 209–232.

Moreno, A., Maselli, F., Gilabert, M.A., Chiesi, M.,  Martinez, B., Seufert, G., 2012.
Assessment of MODIS imagery to track light-use efficiency in a water-limited
Mediterranean pine forest. Remote Sens. Environ. 123, 359–367.

Mu,  Q., Zhao, M.,  Running, S.W., 2011. Improvements to a MODIS global terrestrial
evapotranspiration algorithm. Remote Sens. Environ. 115, 1781–1800.

Muraoka, H., Saigusa, N., Nasahara, K.N., Noda, H., Yoshino, J., Saitoh, T.M., Nagai, S.,
Murayama, S., Koizumi, H., 2010. Effects of seasonal and interannual variations
in  leaf photosynthesis and canopy leaf area index on gross primary production

of a cool-temperate deciduous broadleaf forest in Takayama, Japan. J. Plant Res.
123, 563–576.

Nemani, R.R., Keeling, C.D., Hashimoto, H., Jolly, W.M.,  Piper, S.C., Tucker, C.J., Myneni,
R.B., Running, S.W., 2003. Climate-driven increases in global terrestrial net pri-
mary production from 1982 to 1999. Science 300, 1560–1563.

http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0037
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30124-0/sbref0165


ngine

N

P

P

P

R

R

R

R

R

S

S

S

S

S

S

T

T

T

T

T

T

X. Tang et al. / Ecological E

iu, S., Xing, X., Zhang, Z., Xia, J., Zhou, X., Song, B., Li, L.H., Wan, S.Q., 2011. Water use
efficiency in response to climate change-from leaf to ecosystem in a temperate
steppe. Global Change Biol. 17, 1073–1082.

apale, D., Valentini, R., 2003. A new assessment of European forests carbon
exchanges by eddy fluxes and artificial neural network spatialization. Global
Change Biol. 9, 525–535.

iao, S.L., Friedlingstein, P., Ciais, P., de Noblet-Ducoudre, N., Labat, D., Zaehle, S.,
2007. Changes in climate and land use have a larger direct impact than rising
CO2 on global river runoff trends. PNAS 104, 15242–15247.

ost, H., Hendricks Franssen, H.J., Graf, A., Schmidt, M.,  Vereecken, H., 2015. Uncer-
tainty analysis of eddy covariance CO2 flux measurements for different EC
tower distances using an extended two-tower approach. Biogeosciences 12,
1205–1221.

eichstein, M., Tenhunen, J.D., Roupsard, O., Ourcival, J.-M., Rambal, S., Miglietta,
F.,  Peressotti, A., Pecchiari, M.,  Tirone, G., Valentini, R., 2002. Severe drought
effects on ecosystem CO2 and H2O fluxes at three Mediterranean evergreen sites:
revision of current hypotheses? Global Change Biol. 8, 999–1017.

eichstein, M.,  Falge, E., Baldocchi, D., Papale, D., Aubinet, M.,  Berbigier, P., Bern-
hofer, C., Buchmann, N., Gilmanov, T., Granier, A., Grünwald, T., Havránková, K.,
Ilvesniemi, H., Janous, D., Knohl, A., Laurila, T., Lohila, A., Loustau, D., Matteucci,
G., Meyers, T., Miglietta, F., Ourcival, J.-M., Pumpanen, J., Rambal, S., Rotenberg,
E.,  Sanz, M.,  Tenhunen, J., Seufert, G., Vaccari, F., Vesala, T., Yakir, D., Valentini,
R., 2005. On the separation of net ecosystem exchange into assimilation and
ecosystem respiration: review and improved algorithm. Global Change Biol. 11,
1424–1439.

eichstein, M.,  Bahn, M.,  Mahecha, M.D., Kattge, J., Baldocchi, D.D., 2014. Linking
plant and ecosystem functional biogeography. PNAS 111, 13697–13702.

icciuto, D.M., Butler, M.P., Davis, K.J., Cook, B.D., Bakwin, P.S., Andrews, A., Teclaw,
R.M., 2008. Causes of interannual variability in ecosystem-atmosphere CO2

exchange in a northern Wisconsin forest using a Bayesian model calibration.
Agric. Forest Meteorol. 148, 309–327.

omaguera, M.,  Salama, M.S., Krol, M.S., Hoekstra, A.Y., Su, Z.B., 2014. Towards the
improvement of blue water evapotranspiration estimates by combining remote
sensing and model simulation. Remote Sens. 6, 7026–7049.

chmid, H.P., Grimmond, C.S.B., Cropley, F., Offerle, B., Su, H.B., 2000. Measurements
of  CO2 and energy fluxes over a mixed hardwood forest in the mid-western
United States. Agric. Forest Meteorol. 103, 357–374.

cott, R.L., Edwards, E.A., Shuttleworth, W.J., Huxman, T.E., Watts, C., Goodrich, D.C.,
2004. Interannual and seasonal variation in fluxes of water and carbon dioxide
from a riparian woodland ecosystem. Agric. Forest Meteorol. 122, 65–84.

ims, D.A., Rahman, A.F., Cordova, V.D., El-Masri, B.Z., Baldocchi, D.D., Bolstad, P.V.,
Flanagan, L.B., Goldstein, A.H., Hollinger, D.Y., Misson, L., Monson, R.K., Oechel,
W.C., Schmid, H.P., Wofsy, S.C., Xu, L., 2008. A new model of gross primary
productivity for North American ecosystems based solely on the enhanced veg-
etation index and land surface temperature from MODIS. Remote Sens. Environ.
112, 1633–1646.

ingh, D., 2010. Estimation of surface vapour pressure deficits using satellite derived
land surface temperature data. Indian J. Radio Space Phys. 39, 25–31.
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