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Improved Understanding of Soil Surface Roughness
Parameterization for L-Band Passive Microwave

Soil Moisture Retrieval
Rocco Panciera, Member, IEEE, Jeffrey P. Walker, and Olivier Merlin

Abstract—Surface roughness parameterization plays an impor-
tant role in soil moisture retrieval from passive microwave obser-
vations. This letter investigates the parameterization of surface
roughness in the retrieval algorithm adopted by the Soil Moisture
and Ocean Salinity mission, making use of experimental airborne
and ground data from the National Airborne Field Experiment
held in Australia in 2005. The surface roughness parameter is
retrieved from high-resolution (60 m) airborne data in different
soil moisture conditions, using the ground soil moisture as input
of the model. The effect of surface roughness on the emitted signal
is found to change with the soil moisture conditions with a law
different from that proposed in previous studies. The magnitude
of this change is found to be related to soil textural properties: in
clay soils, the effect of surface roughness is higher in intermediate
wetness conditions (0.2–0.3 v/v) and decreases on both the dry and
wet ends. Consequently, this letter calls for a rethink of surface
roughness parameterization in microwave emission modeling.

Index Terms—Microwave radiometry, National Airborne Field
Experiments (NAFE), soil moisture, Soil Moisture and Ocean
Salinity (SMOS), surface roughness.

I. INTRODUCTION

PASSIVE microwave remote sensing is an increasingly
utilized technique to monitor surface soil moisture over

large areas due to its all-weather capabilities, limited noise
induced by the vegetation canopy, and high sensitivity to the
dielectric properties of the soil–water medium [1]. Year 2009
will see the launch of the first soil-moisture-specific passive mi-
crowave mission, the Soil Moisture and Ocean Salinity (SMOS)
mission carrying an L-band interferometric radiometer. The soil
moisture retrieval algorithm adopted by SMOS requires in-
formation on the land-surface characteristics which contribute
to the microwave emission of the Earth’s surface. At L-band
frequencies, vegetation water content (VWC) and soil surface
roughness have the highest impact on the surface emission for
a given soil moisture condition. Therefore, the choice of the
parameters used to model the effect of surface roughness on the
emission is of primary importance.
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Surface roughness is generally parameterized with the semi-
empirical model proposed by [2], which makes use of two
parameters: HR which is related to measurable geophysical
characteristics of the soil surface, such as standard deviation
(σS) and correlation length (LC) of the surface height profiles,
and a polarization mixing parameter QS that can be estimated
from calibration to passive microwave measurements. While
QS was found to have very low values at L-band [3], the
dependence of HR on the surface roughness characteristics is
not well known. Moreover, the best geophysical parameters to
describe HR over agricultural fields were found to be the slope
parameter (m = σS/LC) and the surface soil moisture [3]. The
dependence of HR on soil moisture was explained by an effect
of volume scattering: the spatial fluctuations of the dielectric
constant within the soil volume are stronger during drying out,
producing an important “dielectric” roughness effect in addition
to the “physical roughness” effect linked to the soil surface
height. Recent results obtained over bare and grassy surfaces
at the European SMOSREX site have proposed a linear decay
of HR with increasing soil moisture between a transition soil
moisture point and the field capacity, with constant values of
HR outside those limits [4], [5]. This letter extends the earlier
tower-based results to scales more representative of future
SMOS footprints using aircraft data at L-band, supported by
detailed ground measurements of soil moisture, soil tempera-
ture, VWC, and surface roughness.

II. DATA

The data used in this letter were collected during the National
Airborne Field Experiment 2005 (NAFE’05). This was a large-
scale airborne experiment conducted in Australia in November
2005 (full details about the experiment can be found in [6]). The
four-week long campaign was conducted in the Goulburn river
catchment (32◦ S, 150◦ E, Fig. 1), a semiarid area of grazing
lands with native grass cover and some cropped areas (mainly
wheat and barley). Heavy rainstorms delivered approximately
50 mm of cumulative rainfall during the first two weeks of
the campaign, followed by a dry-down period until the end
of the experiment. Aircraft L-band measurements were taken
at 60-m resolution over eight experimental farms two times a
week, with supporting ground monitoring of the top 5-cm soil
moisture undertaken weekly at high-resolution site within each
experimental farm (see Fig. 1). This letter focuses on the air-
craft observations taken at the center of the high-resolution sites
where ground soil moisture was monitored at 6–12-m spacing.

1545-598X/$26.00 © 2009 IEEE

Authorized licensed use limited to: UNIVERSITY OF MELBOURNE. Downloaded on November 16, 2009 at 07:21 from IEEE Xplore.  Restrictions apply. 



626 IEEE GEOSCIENCE AND REMOTE SENSING LETTERS, VOL. 6, NO. 4, OCTOBER 2009

Fig. 1. NAFE’05 experiment ground-sampling layout with land-cover map.
The high-resolution sites, focus of this letter, are labeled.

The high-resolution sites presented a variety of land-surface
conditions and land covers. Stanley, Dales, and Roscommon
were characterized by native pasture; Pembroke, Merriwa Park,
Cullingral, and Illogan were cropped fields (a mix of wheat,
barley, and oats); whereas Midlothian was split between a bare
fallow field and a lucerne crop. Soil type was clay or clay loam
for most sites, with the exception of Roscommon and Illogan
(sandy loam and silt loam).

Soil moisture observations (0–5 cm) were made by means
of the Hydraprobe Data Acquisition System, which integrates
a GPS receiver with the Vitel HydraProbe in a portable
geographic information system framework. Such observa-
tions were calibrated against gravimetric measurements (taken
throughout the campaigns at different locations) and laboratory
data, yielding an estimated accuracy of ±3.5 %v/v [7]. VWC
at each high-resolution site and its temporal variation were
determined by means of biomass samples taken every week.
Surface physical roughness was characterized with 1-m long
pin profilers with two perpendicular sets of readings made at
five locations within each experimental farm.

III. SURFACE-ROUGHNESS RETRIEVAL

The radiative transfer model used in this letter to simulate
the surface emission is the L-band Microwave Emission of
the Biosphere (L-MEB) model, described in detail in [8]. The
model will be the core of the soil moisture retrieval algorithm
adopted for the SMOS mission. The effects of soil and vege-
tation on the surface brightness temperatures are described in
L-MEB by the so-called “τ−ω model”

TB(ϑ, P ) = (1 − ωϑ,P )(1 − γϑ,P )(1 + Γϑ,P γϑ,P )Tv

+ (1 − Γϑ,P )γϑ,P TEFF (1)

where P represents the measured polarization (H or V ), ϑ is
the observation angle, ω and γ are, respectively, the vegetation
scattering albedo and transmissivity, and the two T terms are
the temperatures of the vegetation and the soil effective tem-
perature. The vegetation transmissivity γ is calculated from the
vegetation optical depth, τ(γ = exp(τ/ cos ϑ), which can be
linearly related to the VWC as τ = b∗VWC through the exper-
imental parameter b, which depends on the plant structure and

the sensor frequency and incidence angle [9]. To account for
this angular effect, the expression τ = b∗VWC is used to calcu-
late a NADIR-equivalent optical depth, which is then modulate
with the incidence angle based on two polarization-dependent
and vegetation-specific structure parameters, tth and ttv . The
reflectivity of a rough soil Γ, which is also sensitive to the
observation angle and measured polarization, is derived from
the smooth soil Fresnel reflectivity Γ∗ as a function of the ob-
servation angle through the model soil parameters HR and NRP

Γ = Γ∗ exp
[−HR cos(ϑ)NRP

]
. (2)

In this letter, the values for the model parameters used
were those proposed for the soil moisture retrieval of the
future SMOS mission for native grass and wheat crops
(J.-P. Wigneron, personal communication). NRV was set to −1
or 0 and NRH to 0 or 1 (respectively for crop and grass). Veg-
etations scattering albedo was set to 0 (crops) and 0.05 (grass).
VWC was determined from ground samples, whereas the ef-
fective soil temperature was determined using surface (2.5 cm)
and deep (15 cm) soil temperature measurements from the
local monitoring stations (see Fig. 1) at the time of the aircraft
overpass using the formulation proposed in [3]. Vegetation
temperature TV was approximated with the soil temperature at
2.5 cm. Soil texture was determined from 5-cm samples taken
nearby each high-resolution site.

The parameters with the highest impact on the soil moisture
retrieval using the described model are b and HR. The existing
estimates of b and HR (“SMOS default,” Table I) were initially
verified by using them to retrieve soil moisture and compare
it with the ground soil moisture observations. “SMOS default”-
retrieved soil moisture is shown in Fig. 2 against the ground soil
moisture, and the mean absolute error of the retrieval (MAE)
are listed for each site in Table I. It is shown that, by using
“SMOS default” values for both b and HR parameters, large re-
trieval errors (underestimation) are obtained, particularly for the
crop sites (Pembroke, Merriwa Park, and Cullingral), whereas,
for the grass sites, the errors are much smaller. Given the
confounding influence of parameters HR and b on the retrieved
soil moisture, with an increase in HR and b generally having
the same effect of increasing the overall emission, these results
indicate that the value of either or both parameters proposed for
the SMOS retrieval are too low. It was therefore necessary to
perform a site-specific calibration to separate the effect of the
two parameters and to address the main objective of this letter,
the surface roughness parameter.

Given the availability of five to eight daily bi-polarized
aircraft observations at multiple angle for each high-resolution
site, both parameters can be retrieved by taking advantage
of the multi-angular capabilities of the L-MEB model and
using the ground-measured soil moisture as input of the model.
Two different calibration approaches were used. First, it was
assumed that the “SMOS default” values for b were correct, and
HR was calibrated for each individual site. Second, b and HR

were alternatively calibrated at each site and each day through
a sequence of iterations; at each step, the value of b used as
input to calibrate HR was the average of the values calibrated
across all days in the previous step, whereas b was calibrated
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TABLE I
VALUES OF PARAMETER b AND HR AND MEAN ABSOLUTE ERRORS (MAE, [%v/v]) OF SOIL MOISTURE RETRIEVAL FOR SMOS DEFAULT

AND THE TWO SITE-SPECIFIC CALIBRATION APPROACHES DISCUSSED IN THE TEXT. MEAN AND ± STANDARD DEVIATION IN

TIME OF CALIBRATED PARAMETERS IS SHOWN. ∗ = NATIVE GRASS; ∗∗ = MIX FALLOW/LUCERNE; ∗∗∗ = CROP

Fig. 2. Retrieved versus ground-observed soil moisture using (black symbols)
SMOS default parameters and (gray symbols) NAFE’05 calibrated b and HR.
Asterix indicates native grass sites; circles indicate crop sites. Vertical error
bars indicate ± of the standard deviation of observed soil moisture within each
footprint.

using the calibrated values of HR for each day in the previous
step. The iterations were repeated until the mean values of both
parameters would not change significantly between subsequent
iterations. This process led to an adjustment of the values
of both parameters to match the observed emission, while
minimizing the temporal variation or retrieved parameters b,
which is only dependent on the plant structure and is therefore
not expected to change in time.

In both approaches, all the bi-polarized multi-angular obser-
vations available for each site on each observation day were
used to retrieve one single value of the parameter for the site.
Although the available range of incidence angles varied slightly
between sites, due to differences in aircraft flight lines and
attitude, on average each site was observed over a range of
angles of 20◦. This is indicated in the second column of Table I.

IV. RESULTS

The calibrated values of both the b and HR parameters for
the two approaches and the MAE of soil moisture retrieval are
shown in Table I, together with the standard deviations of the

retrieved values across the monitoring days to highlight the
temporal variation of the parameters. Note that the MAE was
calculated using the average values of the parameters for each
site. Overall, the SMOS values of b were found to be suitable
for crops in the study area, whereas the values of HR had to be
increased significantly from the SMOS default values in order
to obtain an accurate soil moisture retrieval. This could be due
to differences in agricultural practices between the NAFE’05
study area and the European sites typical of most SMOS studies
which provided estimates of HR. For the native grass sites, the
SMOS values of HR were found to be suitable, whereas values
of b were somewhat too low.

It should be noted that the iterative calibration of b and
HR produced very high values for parameter b in some cases.
In particular, the Midlothian, Dales, and Cullingral sites had
unrealistically high b values (above ∼0.5), which cannot be
explained by the effect of the standing vegetation alone. This
can be explained by very high surface roughness or some
other sources of emission, like, for example, litter or rainfall
intercepted on the plant, not explicitly modeled but implicitly
accounted for in the high values of b. It should be noted that
these sites also exhibited very high values of HR in the first
calibration approach (individual HR calibration with b fixed),
confirming the hypothesis of an actual deficit in the emission
budget. The joint calibration of b and HR at the Dales site did
not improve the soil moisture retrieval. Analysis of the aircraft-
observed surface emission at this site revealed very poor sen-
sitivity to the ground-measured soil moisture, which could be
explained by the presence of a litter layer that remained moist
and, thus, saturated the signal. This effect has been observed
also at some European sites [5]. The Dales site was therefore
not considered further in this analysis.

It is interesting to note the lower values of HR calibrated
at the sites with more sandy soils (Roscommon and Illogan),
which was not expected, as soil texture should not affect the
physical roughness of the surface. This could be an effect
of the dielectric model used by the L-MEB algorithm, the
Dobson model [10], which is known to have poorer perfor-
mance on sandy soils. It is also shown in Table I that similar soil
moisture retrieval errors are obtained with the two calibration
approaches (calibration of only HR and calibration of both
parameters). Nevertheless, the second approach guarantees that
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Fig. 3. Retrieved parameter HR as a function of ground soil moisture for
all the high-resolution sites; using SMOS values for parameter b for (a) sandy
soils and (b) clayey soils, and using site-specific calibrated values of b for
(c) sandy soils and (d) clay soils. Dashed colored lines are the best fit for each
site. Solid gray lines show the value of the Choudhury parameter for physical
roughness (average of all sites = 0.25), whereas solid black lines indicate the
roughness–soil moisture relationship proposed by Saleh et al. [5]. (blue dots
and solid lines) Soil moisture heterogeneity at 6-m spacing is also displayed for
each high-resolution site and each date with cubic fit.

any vegetation effect be removed from the calibrated values of
HR, which makes it more suitable for the purpose of this letter.
The soil moisture retrieved using these calibrated parameters is
plotted against the ground soil moisture in Fig. 2 for comparison
with SMOS default retrieval.

In order to investigate the dependence of HR on soil mois-
ture, HR was retrieved for each bi-polarized observation of the
high-resolution sites. This approach provides more data points
at a wider range of soil moisture conditions than when using all
the observations at once to retrieve on value of HR for each day
(as done thus far). The retrieved HR as a function of the ground-
observed soil moisture is shown in Fig. 3. In this plot the results
obtained using both sets of values of parameter b (SMOS value
and calibrated b) are presented, and the high-resolution sites
are grouped by soil type, upon observing a strong soil-type
dependence of retrieved values of parameter HR in Table I.

It is observed that the values of HR are not constant but
rather change with respect to the soil moisture conditions.
In the intermediate-to-wet range of soil moisture conditions
(0.2 v/v to saturation), the general trend is that of a decrease of
the parameter from higher value in intermediate wetness condi-
tions to lower values in wet conditions. This is observed for all
soil types and regardless of whether parameter b is calibrated
or not. The trend is consistent with what were already observed
in previous studies using a tower radiometer at the European
SMOSREX site [4], [5]. The linear regression proposed in those
studies (for natural grass) is shown in Fig. 3 for comparison.
It is notable how, in the case where b is calibrated (bottom
panels shown in Fig. 3), this trend is matched by the values
of HR retrieved in this letter for clay soils. On more sandy soils

instead, the values of HR are much lower, although the linear
decrease with soil moisture conditions is maintained.

It is also notable in Fig. 3 that, for clay soils and when
drier conditions are encountered, a negative trend between HR

and soil moisture seems to dominate, after a peak of HR is
reached at around 0.2–0.3 v/v soil moisture conditions. This
is not visible for the Pembroke site, which nevertheless did not
experience conditions drier then 0.2 v/v. The observed decrease
of HR on dry conditions is in contrast with previous studies
which reported constant values of HR in this range, as well as
above the field capacity [4], [5]. This could have been due to
the fact that the soil types in the sites analyzed by those studies
were mainly sandy, whereas the decrease was observed here
mainly for clays and clay loams.

In [4] and [5], it was suggested that the decrease of HR

with increasing soil moisture is associated with the presence of
micro-scale heterogeneity in soil moisture during drying. This
would add a component of dielectric roughness to the physical
roughness of the soil surface which would instead dominate
on wet conditions where soil moisture is more uniform at the
microscale. On the same line of thought, the decrease of HR

observed in Fig. 3 in the dry end could be associated to the
decrease in micro-scale dielectric heterogeneity that one would
expect in drying clay soils due to lower limit imposed by
the residual or wilting points. At the dry end, therefore, the
physical-roughness component of HR would become increas-
ingly dominant, and the dielectric-roughness component would
decrease.

In Fig. 3, the physical-roughness component is quantified
through the classical Choudhury parameter [11] = (2 kσS)2,
function of the standard deviation of the surface heights and
the wavenumber k. Here, the average between all the high-
resolution sites (0.25) was taken as a reference, resulting from
an average σS of 8.4 mm (2-mm standard deviation) across the
eight sites. It is clear that, for clay soils and when calibrated
values of b are used (lower left panels as shown in Fig. 3),
the values of HR approach the physical-roughness component
toward both the dry and wet soil moisture ends. The range
of HR values between extreme and intermediate soil moisture
conditions exhibited by clay soils in Fig. 3 is on the order
of 0.3–0.5. On bare soil, this would correspond to an error
in soil moisture retrieval of 15–20 %v/v. For many of the
cases presented here, therefore, using a constant value or a
simple linear decrease of HR with soil moisture could lead to
significant soil moisture retrieval errors.

The comparison between the relationship of HR and soil
moisture on sandy and clay soils shown in Fig. 3 further
supports the hypothesis of dielectric roughness induced by
micro-scale heterogeneity of soil moisture. One would in fact
expect this heterogeneity to be higher in clay soils due to the
highest water retention property of these. This was verified
by analyzing the variance of the soil moisture measurement
taken at 6- and 12-m spacing throughout each high-resolution
site. This is shown in Fig. 3 (blue right axis in lower panels),
where the soil moisture variance is plotted against the mean
soil moisture for each area and each day. For clay soils, the
soil moisture heterogeneity is in fact much higher (nearly
double that of sandy sites) and achieves a maximum around
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0.3–0.45 v/v with a rapid decrease below 0.3 v/v. For sandy soil,
this heterogeneity is smaller, with corresponding lower values
of HR. The implicit assumption is made here that the soil mois-
ture dependence of the heterogeneity at the 6-m scale is a good
approximation of that of the micro-scale heterogeneity which
would be observed on very small soil samples and which is
expected to determine the dielectric roughness. The goodness of
this assumption is difficult to verify, and therefore, the measure
of heterogeneity adopted here is to be thought of only as an indi-
cation of the relative magnitude of soil moisture heterogeneity
between soil types and its variation with wetness conditions.
Further investigation is needed in order to understand what is
the scale at which the soil moisture heterogeneity mostly affects
the relationship between soil moisture and microwave emission
and how this effect can be parameterized through HR as a
function of soil type or accounted for in a soil dielectric model.
Moreover, it should be better understood whether the smaller
value of HR are not an artifact of the poor performance of the
Dobson model on sandy soils.

V. CONCLUSION

Effective parameterization of surface roughness is important
for passive microwave remote sensing of soil moisture. In
this letter, the dependence of surface roughness on soil mois-
ture microscale heterogeneity was investigated using aircraft
and ground soil moisture observations. The surface roughness
parameter was found to be not constant but rather variable,
depending on soil moisture conditions and soil type. On clay
soils, it exhibited a maximum at intermediate soil moisture
conditions (∼0.25 v/v) and a decrease toward both dry and wet
conditions, whereas on sandy soils, it exhibited lower values
and a monotonic decrease going from dry to wet conditions.
In the intermediate wet soil moisture range (0.25 v/v to satu-
ration), a soil moisture dependent linear relationship similar to
that proposed by previous studies [4], [5] was found to apply
well to the crops and native grasses on clay soils. However,
the values of roughness approached the contribution of the
surface physical roughness (∼0.28) on both the wet and dry
ends. This was explained as the effect of a dielectric component
in the microwave roughness which is related to soil moisture
microscale heterogeneity. It was shown that this effect might be
higher in clay soils and maximum at intermediate soil moisture
conditions when the water retention properties of clay deter-

mine high spatial variability. These results indicate the need
to model the dielectric component of the surface roughness
effect on the soil emission as a function of the soil textural
properties and soil moisture. This letter also suggested that the
values of HR proposed for SMOS might be too low to provide
accurate soil moisture estimates over crop sites, whereas they
are suitable for native grass-covered sites.

ACKNOWLEDGMENT

The authors would like to thank the NAFE’05 participants.

REFERENCES

[1] E. G. Njoku and D. Entekhabi, “Passive microwave remote sensing of soil
moisture,” J. Hydrol., vol. 184, no. 1/2, pp. 101–129, Jan. 1996.

[2] J. R. Wang and B. J. Choudhury, “Remote sensing of soil moisture content
over bare field at 1.4 GHz frequency,” J. Geophys. Res., vol. 86, no. C6,
pp. 5277–5282, Jun. 1981.

[3] J. P. Wigneron, L. Laguerre, and Y. H. Kerr, “A simple parameterization
of the L-band microwave emission from rough agricultural soils,” IEEE
Trans. Geosci. Remote Sens., vol. 39, no. 8, pp. 1697–1707, Aug. 2001.

[4] M. J. Escorihuela, Y. H. Kerr, P. de Rosnay, J. P. Wigneron, J. C. Calvet,
and F. Lemaitre, “A simple model of the bare soil microwave emission
at L-band,” IEEE Trans. Geosci. Remote Sens., vol. 45, no. 7, pp. 1978–
1987, Jul. 2007.

[5] K. Saleh, J. P. Wigneron, P. Waldteufel, P. de Rosnay, M. Schwank,
J. C. Calvet, and Y. H. Kerr, “Estimates of surface soil moisture under
grass covers using L-band radiometry,” Remote Sens. Environ., vol. 109,
no. 1, pp. 42–53, Jul. 2007.

[6] R. Panciera, J. P. Walker, J. D. Kalma, E. J. Kim, J. Hacker,
O. Merlin, M. Berger, and N. Skou, “The NAFE’05/CoSMOS data set:
Towards SMOS soil moisture retrieval, downscaling and assimilation,”
IEEE Trans. Geosci. Remote Sens., vol. 46, no. 3, pp. 736–745, Mar. 2008.

[7] O. Merlin, J. Walker, R. Panciera, R. Young, J. Kalma, and E. Kim, “Soil
moisture measurement in heterogeneous terrain,” in Proc. Int. Congr.
MODSIM, Christchurch, New Zealand, 2007.

[8] J. P. Wigneron, Y. Kerr, P. Waldteufel, K. Saleh, M. J. Escorihuela,
P. Richaume, P. Ferrazzoli, P. de Rosnay, R. Gurney, J. C. Calvet,
J. P. Grant, M. Guglielmetti, B. Hornbuckle, C. Matzler, T. Pellarin, and
M. Schwank, “L-band microwave emission of the biosphere (L-MEB)
model: Description and calibration against experimental data sets over
crop fields,” Remote Sens. Environ., vol. 107, no. 4, pp. 639–655,
Apr. 2007.

[9] T. J. Jackson, T. J. Schmugge, and J. R. Wang, “Passive microwave
sensing of soil-moisture under vegetation canopies,” Water Resour. Res.,
vol. 18, no. 4, pp. 1137–1142, 1982.

[10] M. C. Dobson, F. T. Ulaby, M. T. Hallikainen, and M. A. El-Rayes,
“Microwave dielectric behavior of wet soil—Part II: Dielectric mixing
models,” IEEE Trans. Geosci. Remote Sens., vol. GRS-23, no. 1, pp. 35–
46, Jan. 1985.

[11] B. J. Choudhury, T. J. Schmugge, A. Chang, and R. W. Newton,
“Effect of surface roughness on the microwave emission from soils,”
J. Geophys. Res.—Oceans Atmosph., vol. 84, no. C9, pp. 5699–5706,
Sep. 1979.

Authorized licensed use limited to: UNIVERSITY OF MELBOURNE. Downloaded on November 16, 2009 at 07:21 from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


