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Abstract: Long time series Global LAnd Surface Satellite (GLASS) Leaf Area Index (LAI) product (1981—2012) is generated
from time-series MODIS and AVHRR reflectance data using general regression neural network method. This study assesses the per—
formance of the GLASS LAI product in two ways: (1) by comparing the spatial and temporal characteristics of the GLASS LAI prod—
uct with those of other moderate—resolution LAI global products and (2) by comparing the GLASS LAI values with ground measure—
ment data. The results show that the GLASS LAI product achieved a good consistency with the MODIS and CYCLOPES LAI prod-
ucts at the global scale although with differences in magnitude of LAI values. The largest differences occur between the GLASS and
CCRS LAI products in high northern latitudes and close to the equator followed by differences between the GLASS and MODIS LAI
products and the GLASS and CYCLOPES LAI products. The GLASS and MODIS LAI products have more complete temporal trajec—
tories than the CYCLOPES LAI product while the GLASS and CYCLOPES LAI products have more continuous and realistic trajec—
tories than the MODIS LAI product. The GLASS LAI product maintains reasonable profiles in ¢ ontrast to the MODIS LAI product
which shows dramatic fluctuations particularly during the growing seasons. Compared with 20 ground-measured LAI reference maps
at 17 sites the GLASS LAI product shows lower uncertainty with an R-square of 0. 76 and RMSE of 0.51 than the MODIS and
CYCLOPES LAI products.
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1 INTRODUCTION tal. 2007) Canada Centre for Remote Sensing (CCRS) (F
ernandes et al. 2003) ECOCLIMAP (Masson et al.

Leaf Area Index (LAI) defined as the single-sided leaf ar- 2003) and GLOBal Biophysical Products Terrestrial CARBON

ea per unit horizontal ground area (Chen & Black 1992) is a Studies (GLOBCARBON) (Deng et al. 2006). Validations

key biophysical variable in land surface processes related to vege— and comparisons among these LAI products demonstrate that
tation dynamics such as photosynthesis transpiration and en— these products have common problems of limited temporal conti—
ergy balance (Sellers et al. 1997). nuity spatial i ntegrity and accuracy. The uncertainties (within
Long-term global or regional LAI products are urgently nee- +1.0) of current global LAI products remain incapable of meet—
ded for the study of global change climate modeling and many ing the threshold accuracy requirements ( £0.5) stipulated by
other problems. Currently multiple global LAl products have the Global Climate Observing System (Fang et al. 2012).
been produced from various types of satellite remote sensing da— To meet the demand for long time series and high-quality

ta: MODerate resolution Imaging Spectroradiometer ( MODIS) global LAI products Xiao et al. (2013) developed an opera—
(Knyazikhin et al.  1998; Myneni et al. 2002; Yang et tional method to generate a long-time—series Global Land Surface
al.  2006) Carbon Cycle and Change in Land Observational Satellite (GLASS) LAI product (1981—2012) from time series
Products from an Ensemble of Satellites (CYCLOPES) (Baret e MODIS and AVHRR reflectance data  with support from the
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Project “Study on the generation and application of global land
surface characteristic parameter products. ”

This study aims to assess the performance of the GLASS LAI
product derived from time series MODIS reflectance. An a
nalysis and comparison with MODIS CYCLOPES and CCRS
LAI products are performed to evaluate the spatial and temporal
consistencies of the GLASS LAI product. The global distributions
and frequency histograms of the GLASS MODIS CYCLOPES
and CCRS LAI products as well as the spatial d istribution of
differences between GLASS and the other three LAI products
are used to evaluate the spatial consistency of the GLASS LAI
product. Time-series analysis of the GLASS M ODIS and CYC-
LOPES LAI products from 2001 to 2007 are performed to compare
the GLASS LAI with other LAI products over time

comparisons with the LAI field measurements are conducted to e—

and direct

valuate the accuracy and precision of the GLASS LAI product.
The GLASS LAI product along with other global LAI prod—
ucts used in this study and the field LAl measurements are
briefly described in Section 2. The methods to evaluate and vali—
date the GLASS LAI product are presented in Section 3. The
spatial and temporal consistencies of the GLASS LAI product are
discussed in Section 4 and the accuracy of the GLASS LAI prod-
uct is also evaluated against the LAI field measurements in this

section. Conclusions are then presented in the final section.

2 DATA
2.1 Global LAI products

MODIS CYCLOPES and CCRS LAI products are com—
pared with the GLASS LAI product in this study. The main char—
acteristics of these global LAI products are described below.

2.1.1 GLASS LAI product

The GLASS LAI product with a temporal resolution of 8 d
has been available since 1981 from the Center for Global Change
Data Processing and Analysis of Beijing Normal University
( 20106740 http://www. bnu-datacenter. com/). From 1981
to 1999 the product was generated from AVHRR surface reflec—
tance and provided in a geographic projection at the spatial reso—
lution of 0. 05°. Since 2000 the product has been generated
from MODIS surface reflectance (MOD0O9A1) and provided in an
I ntegerized Sinusoidal projection at a spatial resolution of 1 km.
The latest version of the GLASS LAI product is Version 3 .0 and
is used in this study.

To exploit the potential of multi+temporal remote sensing da—
ta fully the GLASS LAI product (since 2000) was produced
from time-series MODIS surface reflectance data using general re—
2013). A
database was generated to train the GRNNs from MODIS and C
YCLOPES LAI products and MODIS surface reflectance products
of the BELMANIP sites ( Baret 2006) from 2001 to
2004. The BELMANIP is a global network that includes 402 sites
that can properly represent the variability of surface types and
conditions. A 3 X3 subset of MODIS and CYCLOPES LAI prod—
ucts and MODIS reflectance product was extracted for each BEL-
MANIP site. The effective CYCLOPES LAI values were first con—

gression neural networks (GRNNs) (Xiao et al.

et al.

verted to true LAI values using the clumping index d erived from
POLDER data. The true CYCLOPES LAI values were then com-
bined with the MODIS LAI according to the u ncertainties as de—
termined from the ground-measured true LAI (Xiao et al.

2013). The MODIS surface reflectance was reprocessed to re—
move the remaining effects of cloud contamination and other fac—
tors by using temporal-spatial filtering algorithms and to fill the
missing data by using an optimum interpolation a lgorithm. Final—
ly to retrieve the GLASS LAI (since 2000) from time series MODIS
surface reflectance data GRNNs were trained using the fused LAl and
reprocessed MODIS surface reflectance for each biome type and the
reprocessed MODIS reflectance data from an entire year were then in—

put into the GRNNs to estimate one-year LAl profiles.
2.1.2 MODIS LAI product

The MODIS LAI product has been available since 2000
( 2010-060 http://reverb. echo. nasa. gov/reverb/). The prod—
uct comes in a sinusoidal projection at a 1 km spatial resolution and
an 8 d time step. The latest version of the combined TERRA-AQUA
MODIS LAI product Collection 5 is used in this study.

The MODIS LAI retrieval algorithm consists of a main a
lgorithm and a backup algorithm. The main algorithm is based on
Lookup Tables (LUTs) simulated using a three-dimensional radi—
ation transfer model whereas the backup algorithm is based on
the biome-specific LAI-NDVI relationships ( Knyazikhin e
tal. 1998). When the main algorithm fails the backup algo-
rithm is used to estimate LAL

In addition to providing the LAI value for each pixel the
MODIS LAI product also provides quality control (QC) informa—
tion to state the quality of the LAI value. If QC < 32 the main
algorithm successfully retrieves the LAl value without saturation
and the LAI value is with the best possible quality. If 32<QC <
64 the LAI value is calculated from the main algorithm with s
aturation. If 64 <QC <128 the main algorithm fails because of
poor geometry or other problems and the back-up algorithm is
triggered to estimate LAIL. If QC =128

fails no LAI value is retrieved and a filled value is assigned a

the back-up algorithm

ccording to the land cover types.
2.1.3 CYCLOPES LAI product

The CYCLOPES LAI product comes in an equirectangular
projection at a spatial resolution of 1/112° and a temporal resolu—
tion of 10 d. The product was available from 1999 to 2007.

The CYCLOPES LAI product is estimated from the SPOT/
VEGETATION sensor observations. The retrieval algorithm uses
a neural network trained on a one-dimensional radiative SAIL
2007). Clumping at

the plant and canopy scales is not represented

transfer model simulation (Baret et al.
although it is
considered at the landscape scale by regarding mixed pixels as

having fractions of pure vegetation and pure bare soil.
2.1.4 CCRS LAI product

The CCRS LAI product is also retrieved from the SPOT/
VEGETATION sensor observations and provided at 10 d temporal
sampling and a spatial resolution of 1/112°. The SPOT/VEGE-
TATION surface reflectances for the shortwave i nfrared bands
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along with the red and near-infrared bands are used to generate
the CCRS LAI product. The LAI product is e stimated based on
the relationships between LAI and RSR for forest pixels and be—
tween LAI and SR for all other land cover types (Deng et al.

2006). The Four-Scale bidirectional reflectance model (Chen &
Leblanc  1997) is used to simulate the bidirectional reflectance
and establish the empirical relationships between LAI and
vegetation indices for each land cover type. Variations in
the solar zenith angle are also considered in the algo-

rithm.
2.2 Field LAI

The Validation of Land European Remote sensing Instrument
(VALERI) project ( 2010060 hitp://w3. avignon. inra. fr/
valeri/) developed a globally distributed network of sites and a

standard method to measure the biophysical variables of interest

directly at the proper spatial and temporal scales. This network
contains 33 sites and 52 LAI reference maps. The LAI reference
maps were derived from the determination of the transfer function
between the reflectance values of the high-spatialxesolution
SPOT images and the LAI ground measurements. The SPOT im-
age was acquired by HRVIR1 on SPOT 4 during or near the
ground campaign. The LAI ground measurements were obtained
using the LAT2000 Plant Canopy Analyzer (Welles & Norman

1991) or hemispherical photographs which were p rocessed using
the CAN-EYE software (Version 3.6) developed at INRA-CSE
2008). In this study only 20 LAI refer—

which provide true LAI values

(Demarez et al.
ence maps were selected
from the 52 LAI reference maps to validate the accuracy of
the GLASS LAI and the other LAI products. The charac-

teristics of the selected validation sites are shown in

Table 1.

Table 1 Characteristics of the selected validation sites (17 sites with 20 LAI reference maps)
Site Country Latitude /° Longitude/° Biome type DOY Year Mean LAI

Alpilles France 43.810 4.715 Grasses/cereal crops 204 2002 1.691
Camerons Australia -32.598 116.254 Savannah 63 2004 2.13
Demmin Germany 53.892 13.207 Broadleaf crop 164 2004 4.15
Donga Benin 9.770 1.778 Savannah 172 2005 1.85
Fundulea Romania 44. 406 26.585 Grasses/cereal crops 144 2002 1.53
Gilching Germany 48.082 11.320 Grasses/cereal crops 199 2002 5.39
Gnangara Australia -31.534 115.882 Savannah 61 2004 1.01
Larzac France 43.938 3.123 Savannah 183 2002 0.81
Nezer France 44.568 -1.038 Evergreen needleleaf forest 107 2002 2.38
Plan-de-Dieu France 44.199 4.948 Grasses/cereal crops 189 2004 1.13
Puechabon France 43.725 3.652 Savannah 164 2001 2.85
Sonian Belgium 50.768 4.411 Deciduous broadleaf forest 174 2004 5.66
Sud-Ouest France 43.506 1.238 Broadleaf crop 189 2002 1.96
Zhangbei China 41.279 114. 688 Grasses/cereal crops 221 2002 1.26
Counami French Guyana 5.343 -53.237 Evergreen broadleaf forest 269 2001 4.93
Counami French Guyana 5.343 —-53.237 Evergreen broadleaf forest 286 2002 4.37
Laprida Argentina -36.990 —-60.553 Broadleaf crop 311 2001 5.82
Laprida Argentina -36.990 -60.553 Broadleaf crop 292 2002 2.81
Turco Bolivia —-18.235 -68.184 Shrub 208 2001 0.31
Turco Bolivia —-18.235 —-68.184 Shrub 240 2002 0.04

1 km spatial resolution by using the nearest neighbor resampling
3 METHODS method. Then all these LAI products were aggregated into a

To assess the performance of the GLASS LAI product an a—
nalysis and comparison with MODIS CYCLOPES and CCRS LAI
products are performed in this study. Field measurements are al—
so used to validate these global LAI products.

An inter-comparison with the MODIS CYCLOPES and
CCRS LAI products was performed to examine the spatial and
temporal consistency of the GLASS LAI product. These global
LAI products have a different spatial and temporal resolution and
use different projection systems. Thus the projections of the C
YCLOPES and CCRS LAI products were first transformed into si—

nusoidal projection by using the GCTP library and resampled to a

monthly time step using the averaging method. Since the quality
of LAI values retrieved by the backup algorithm is poor we se—
lected good quality MODIS LAI from the main algorithm with QC
less than 64 in the intercomparisons.

Global spatial distributions and histogram of the GLASS
MODIS CYCLOPES and CCRS LAI values for January and Ju—
ly 2003 are used to analyze the range and distribution of LAl
values from each global LAI product and to evaluate the spatial
consistency of these products. Furthermore spatial distributions
of the differences between the GLASS LAI product and other
global LAI products for July 2003 and their frequency distribu—

tions were produced to analyze more deeply the discrepancies be—
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tween these global LAI products. Moreover the temporal c
onsistency and seasonal variations are evaluated by comparing the
temporal profiles of the GLASS MODIS (with main algorithm)
and CYCLOPES LAI products for several VALERI sites with dif-
ferent vegetation types.

The GLASS MODIS (main algorithm) and CYCLOPES
LAI products are also compared directly with the same data set of
LAI reference maps at several VALERI sites to quantify the o
verall performance of the GLASS LAI product. The LAI reference
maps with the spatial resolution of 30 m or so are upscaled into
1 km spatial resolution. Then the aggregated average values of
the LAI reference maps are used to validate the GLASS M
ODIS and CYCLOPES LAI products. Difference in the julian
date and measuring time of field LAl are observed among the
three LAI products. In this study the LAI values closest to the

field measurement time are compared with the field LAI values.

4 RESULTS
4.1 Spatial consistency analysis

Fig. 1 shows the spatial distribution of the GLASS MODIS
CYCLOPES and CCRS LAI products at a global scale for Janu-
ary 2003 and July 2003. All products followed the seasonality
effect which shows opposite properties in the two hemispheres.
In the northern Hemisphere the LAI values in July were signifi—
cantly higher than those in January. The LAI values in January
for the northern Hemisphere were between O and 1 and the spa—
tial variation was generally very low. In July the northern Hemi-
sphere showed large spatial variations with higher LAI values in
Canada Russia and southeast Asia. In contrast to the variation
of the northern Hemisphere the LAI values in January for the

southern Hemisphere were generally larger than those in July.

Fig. 1 Global spatial distribution of the GLASS MODIS CYCLOPES and
CCRS LAI products for January 2003 and July 2003
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The GLASS and MODIS LAI products achieved better s
patial completeness than the CYCLOPES and CCRS LAI. The
CYCLOPES and CCRS LAI products were observe to contain a
large number of missing pixels and some missing pixels were
present in the MODIS LAI product. By contrast the GLASS LAl
product was the most spatially complete.

Comparatively speaking the GLASS LAI product achieved
better agreement with the MODIS LAI product both in January
and July. A relatively large discrepancy between the LAI prod—
ucts was observed in the tropical forest regions. The CCRS LAI
product maintained a higher LAI values than the GLASS and MO-
DIS LAI products whereas the CYCLOPES LAI product main—
tained the lowest LAI values over these regions.

Fig. 2 shows histogram distributions of the GLASS MODIS
CYCLOPES and CCRS LAI values for July 2003. When the LAI
the frequency of the CYCLOPES
LAI approached zero indicating a significant u nderestimation of
the CYCLOPES LAI product for the broadleaf and needle forest
biome types attributed to the characteristics of the CYCLOPES al-
2008).

values were larger than 4. 0

gorithm (Garrigues et al.

Fig.2  Histogram distributions of the GLASS MODIS
CYCLOPES and CCRS LAI values for July 2003

The highest LAI value of the GLASS LAI product reached
6.0 and the highest LAI value of the MODIS LAI product e
xceeded 6.5. By contrast the CCRS LAI product with the high—
est LAI value reaching 8 had the largest dynamic range of LAI
compared with the GLASS and MODIS LAI products to d escribe
the global variability of LAI. The CYCLOPES LAI product
showed the smallest dynamic range of LAI. When the LAI values
were smaller than 2.0 the higher frequencies were a chieved by
the MODIS LAI product and when the LAI values were larger
than 2. 0 the GLASS product achieved higher f requencies. A
possible explanation is that many of the MODIS LAI values are
significantly underestimated because of clouds and other poor at—
mospheric conditions and the GLASS LAI v alues are generally
larger than the MODIS LAI values during the growing season over
northern latitudes.

Fig. 3(a) shows the spatial distribution of differences be—
tween GLASS LAI and the MODIS LAI retrieved by the main al-
gorithm for July 2003 and Fig. 4 (a) shows the histogram distri—
bution of the differences between the GLASS and MODIS LAI

products for the same period. The difference values were calcu—

lated by subtracting the MODIS LAI from the GLASS LAI. The
GLASS LAI was in a good agreement with the MODIS LAI with
good quality (QC <64). More than 80% of the difference values
shown in Fig. 4(a) were between —0.5 and 0.5 and the per-
centage of the difference values between — 0. 1 and 0. 1
reached 35% .

By contrast Fig. 4(a) shows the histogram distribution of
the differences between GLASS LAI and the MODIS LAI re-
trieved by the backup algorithm for July 2003. Larger discrepan—
cies a ppeared when the quality of MODIS LAI was poor (QC=
64). On one hand the MODIS LAI for some pixels with poor
quality was slightly larger than the corresponding GLASS LAL
The difference values were between —2.0 and 0.0 and the his—
togram distribution of the differences between the GLASS LAI
and M ODIS LAI with poor quality exhibited a small peak ap-
proximately —0.5 (Fig.4(a)). The negative difference was at—
tributed to the overestimation of the MODIS LAI values associated
2008). On the other
hand the MODIS LAI values with poor quality were significantly

with broadleaf forests (Garrigues et al.

lower than the corresponding GLASS LAI values. For these pix—
els the MODIS LAI values were poorly retrieved because of con—
sistent cloud contamination in the observation data. The GLASS
LAI values were generally higher approximately 3.0 to 5.0
than the MODIS LAI values. The properties of the differences be—
tween GLASS and MODIS LAI products described above suggest
that the GLASS LAI has improved upon the unrealistically high or
low values of the MODIS LAI with poor quality especially for the
forest biome types.

Fig. 3(b) displays a map of differences between the GLASS
and CYCLOPES LAI for July 2003. The difference values were
calculated by subtracting the CYCLOPES LAI values from the
GLASS LAI values. The CYCLOPES LAI significantly underesti—
mates the GLASS LAI for the broadleaf and needle forest biome
types because of the lack of clumping representation in the CYC-
LOPES algorithm (Garrigues et al. 2008). Fig.4(b) shows a
histogram of the differences. The histogram had only one peak
near zero and the percentage of the differences at the zero value
was 45% . More than 70% of the difference values shown in Fig.
4(b) were between —0.5 and 0.5. The positive differences
were significantly larger than the negative ones. The difference
values between 1 and 3 were observed near the equator and in the
higher latitudes of the northern Hemisphere. Compared with the
histogram distributions of the differences b etween the GLASS
and MODIS LAI the GLASS LAI product achieved a good con—
sistency with the CYCLOPES LAI and M ODIS LAI retrieved
from main algorithm.

A map of differences between the GLASS and CCRS LAl
products is shown in Fig. 3(c¢) and a histogram of the differ—
ences is shown in Fig. 4(c). The difference values were calcu—
lated by subtracting the CCRS LAI values from the GLASS LAl
values. We observed that the GLASS LAI values were larger than
the CCRS LAI values in the most of areas. The differences of
more than 2. 0 were mainly distributed in the areas near the e—
quator where the GLASS and MODIS LAI had consistently high—
and the CCRS LAI values

were in the range of 2.0 to 4. 0. The differences of less than -

er LAI values (approximately 6.0)

2.0 were mainly distributed in southern Brazil where the CCRS
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LAI maintained a higher LAT values (8.0 to 9.0) in contrast to larger than the differences between the GLASS and MODIS LAI
the GLASS LAI values of 5.0 to 6.0. Generally the differences products or the differences between the GLASS and CYCLOPES
b etween the GLASS and CCRS LAI products were significantly LAI products.

Fig.3  Spatial distribution of differences between the GLASS LAI and MODIS
CYCLOPES CCRS LAI in July 2003
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Fig.4 Histograms of the differences between the GLASS LAI
and the MODIS LAI the CYCLOPES LAI and
the CCRS LALI for July 2003

4.2 Temporal consistency analysis

Temporal profiles of the GLASS MODIS (with main algo—
rithm) and CYCLOPES LAI products for some sites in Table 1
were compared to analyze temporal consistency and seasonal vari—
ations from 2001 to 2007 during which all the three LAI products
provided valid data. The main biome classes of the s elected sites
needleleaf

included broadleaf crops grasses and cereal crops

forests broadleaf forests shrubs and savannahs a ccording to
MODIS land cover. In addition the temporal profiles of these
LAI products were also compared with the mean LAI of the refer—
ence maps available for each selected site to e valuate the quality
of each product in the time series.

Fig. 5 shows the temporal LAI trajectories over the Zhangbei
and Wankama sites. The biome type for these sites is grasses and

cereal crops according to MODIS land cover. At the Zhangbei

site the GLASS MODIS and CYCLOPES LAI products cap—
tured similar temporal trajectories. The three products all yielded
complete and continuous profiles. The interannual variation of
the GLASS and CYCLOPES LAI values was low but a s
ignificantly larger magnitude of the MODIS LAI was observed
during the growing season of 2006. At the Wankama site the
GLASS and CYCLOPES LAI profiles were relatively smooth but
the MODIS data were invalid or retrieved by the backup a
lgorithm. The CYCLOPES LAI profile maintained lower LAl val-
ues compared with the GLASS and MODIS LAI profiles. Compar—
atively speaking the GLASS LAI values were closer to the mean
LAI of the reference maps than the MODIS and CYCLOPES LAI
values.

Fig. 6 shows the temporal LAI trajectories over the Plande-D
ieu Fundulea and Gilching sites with broadleaf crop biome
types according to MODIS land cover. The GLASS and CYC-
LOPES LAI products over these sites provided smooth and contin—
uous trajectories whereas the profile of the MODIS LAI showed
dramatic fluctuations especially in the Gilching site. All the LAI
profiles at the PlandeDieu and Fundulea sites exhibited similar
seasonal variations and good consistency. Exceptionally on
PlandeDieu GLASS LAI retrieved higher LAI during the 2002
growing season than other years and MODIS LAI achieved higher
interannual variations on 2001 and 2004. At the Gilching site
large discrepancies were observed between the GLASS LAI values
and the MODIS and CYCLOPES LAI estimates. The GLASS LAI
values were generally larger than the CYCLOPES and MODIS
LAI estimates throughout the entire growing seasons. Owing to
the fluctuations of MODIS LAI GLASS LAI was less than MO-
DIS LAT at some choppy time plot. At the Gilching and Pland-
eDieu sites the GLASS CYCLOPES and MODIS LAI values
became underestimates in comparison with the mean LAl of the
reference maps. The CYCLOPES and GLASS LAI values were
generally in good agreement with the mean LAI of the reference
maps at the Fundulea site.

Fig. 7 shows the temporal LAI trajectories over the Puecha—
bon Larzac and Donga sites which are of the savannah biome
type according to MODIS land cover. The GLASS and CYC-
LOPES LAI profiles were smoother whereas the profile of the
MODIS LAI showed dramatic fluctuations with sudden peak and
valley values during the growing season particularly over the
Donga site. All the products captured the seasonal variation and
low interannual variation. At the Puechabon site the GLASS
MODIS and CYCLOPES LAI values showed similar temporal
trajectories and were all underestimates when compared with the
mean LAI of the reference map. At the Larzac site the GLASS
and MODIS LAI products were in good agreement whereas the
CYCLOPES LAI profile maintained lower LAI v alues. Mean—
while the three LAI products became overestimates compared
with the mean LAl of the reference map. At the Donga site the
GLASS and CYCLOPES LAI profiles achieved a good agreement
with envelope of the time series MODIS LAI values
many of the CYCLOPES LAI values were missing d uring the
peak of the growing seasons. Moreover excellent a greement was
achieved between the GLASS LAI values and the mean LAI of the

reference map.

although
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Fig.5 Temporal profiles of GLASS MODIS (with main algorithm) and CYCLOPES LAI

over the Zhangbei and Wankama sites of grasses and cereal crops

Fig.6 Temporal profiles of GLASS MODIS (with main algorithm) and CYCLOPES LAI
over the PlandeDieu Fundulea and Gilching sites of broadleaf crops

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig.7 Temporal profiles of GLASS MODIS (with main algorithm) and CYCLOPES LAI over

the Puechabon Larzac and Donga sites of Savannah

The temporal profiles of the GLASS MODIS and CYC-
LOPES LAI values at the Nezer Counami Sonian and Larose
sites with forest biome type according to MODIS land cover are
provided in Fig. 8. At the Nezer site with evergreen needleleaf
forest biome type the MODIS LAI profile exhibited dramatic
fluctuations. By contrast the temporal profile of the GLASS LAI
values was smooth and continuous. The GLASS MODIS and
CYCLOPES LAI products generally depicted similar temporal
trajectories with differences in magnitude. A good agreement was
achieved between the GLASS and MODIS LAI values but the
CYCLOPES LAI values were significant underestimates through—
out the entire growing season. The GLASS LAI values were in
very good agreement with the mean LAI of the reference map at
this site.

The biome type of the Counami site is evergreen broadleaf
forest. The temporal profile of the MODIS LAI values at this site
was extremely shaky and most of the CYCLOPES LAI estimates

were missing. In contrast to the temporal profiles of the MODIS

and CYCLOPES LAI products the GLASS LAI captured a ¢
omplete and reasonable temporal profile which was relatively
the GLASS LAI values were

close to the mean LAI of the reference map.

smooth and stable. Meanwhile

At the Sonian and Larose sites the biome type is deciduous
broadleaf forests. Most of the MODIS LAI estimates were missing
for fill value or backup algorithm retrieval. GLASS and CYC-
LOPES LAI had similar seasonal and interannual variability with
differences in magnitude. In contrast to the GLASS and MODIS
LAI values the CYCLOPES LAI values were significant underes—
timates during the growing seasons because clumping at the plant
and canopy scales which could produce a difference of approxi—
mately 50% between true and effective estimates was not con—
sidered in the CYCLOPES algorithm. The GLASS and CYC-
LOPES LALI profiles were relatively smooth whereas the MODIS
profile showed dramatic fluctuations with sudden peaks and val-
leys. The GLASS LAI values were in best agreement with the

mean LAI of the reference maps at both sites.
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Fig.8 Temporal profiles of GLASS MODIS (with main algorithm) and CYCLOPES LAI over the Nezer

Counami Sonian and Larose sites of forest

Regarding shrubs the LAI temporal profiles at the Turco
site are illustrated in Fig. 9. The GLASS MODIS and CYC-
LOPES LAI products all showed good completeness except for
some missing data from MODIS LAI in 2001 and 2002. The LAI
values were less than 0.5 for all the three LAI products from
2001 to 2007. The profiles of the LAI products exhibited no s

ignificant interannual and seasonal variation. Compared with the
MODIS and GLASS LAI estimates the CYCLOPES LAI values
were underestimates throughout the same period. Generally
speaking the GLASS MODIS and CYCLOPES LAI values
were in very good agreement with the mean LAI of the reference

map at the site.



XIANG Yang et al. : Validation of Global LAnd Surface Satellite (GLASS) leaf area index product 583

Fig.9 Temporal profiles of GLASS MODIS (with main algorithm) and CYCLOPES LAI over the Turco site of shrubs

4.3 Direct validation

The GLASS MODIS and CYCLOPES LAI products were
compared with LAI reference maps to evaluate differences in LAI
magnitude between products ( Fig.10). Fig.10(a) and F
ig. 10(b) show 20 LAI reference maps for which the GLASS and
MODIS LAI with main algorithm provide valid data. H owever
the CYCLOPES LAI products provided valid data for only 18 LAI
reference maps in Fig. 10(c). The discrepancies of each product
were quantified by the regression function
RMSE.

The GLASS (RMSE =0.51) and CYCLOPES LAI (RMSE =
0.41) products provided better accuracy and precision with the

R -square and

LAI reference maps when compared with the MODIS LAI product
(RMSE =1.11). The correlations between the GLASS LAI values
and the LAI reference maps (R* =0.76) was also superior to the
correlations of the CYCLOPES LAI product (R* =0.59) and the
MODIS LAI product (R* =0.46) with the LAI reference maps.

The GLASS LAI product also achieved the best agreement
across the whole range of LAI values although a slight underesti—
mation for the highest values was observed. The CYCLOPES LAI
product significantly underestimated the LAI reference maps es—
pecially for the highest LAI values over forests. In fact the C
YCLOPES LAI product rarely produced LAI values larger than
4 for the broadleaf and needle forest biome types due to the
characteristics of the CYCLOPES algorithm ( Garrigues et
al. 2008).

Fig. 10  Scatterplot comparison of the GLASS MODIS
from main algorithm and CYCLOPES LAI products

with mean LALI of the reference maps

Generally speaking all these LAI products showed better
performances for low LAl values than for high LAI values. M
oreover these products are all more or less underestimates com—

pared with the LAI reference maps for the high LAI values.

S CONCLUSIONS

In this study the GLASS LAI product has been evaluated
both through comparative and direct validation methods. The

spatial distributions of the GLASS LAI were reasonable and ¢
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onsistent with the MODIS LAT with good quality (retrieved by the
main algorithm) and the CYCLOPES LAI. By contrast the
GLASS and CCRS LAI products showed the largest discrepan—
cies. The results of temporal variations showed that the GLASS
LAI product has the best temporal continuity and ¢ ompleteness
compared with the others. GLASS and CYCLOPES LAI had
smoother trajectories compared with the erratic fluctua—
tions of the MODIS LAI. GLASS LAI had i mproved upon
the unrealistically high or low values of the M ODIS LAI
particularly for the forest biome types. By computing for
the RMSE and R® of each product over the LAT reference
maps the accuracy of the GLASS LAI product was found
to be clearly better than that of MODIS and CYCLOPES
LAT products.
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