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ABSTRACT 
The emissivity of natural surfaces is a required parameter in high accuracy land surface tempera-
ture (LST) determinations. Then, it is of great importance to know how thermal infrared (TIR) emis-
sivity changes with the different factors. Soil type influence on emissivity is well known from ex-
perimental studies, whereas the effect of soil moisture (SM) on emissivity is one of the pending 
issues in thermal remote sensing. It is seen that the SM variation may cause a high systematic 
error in emissivity, e.g., about +0.1 in emissivity for an increase from 0.04 to 0.10 g/cm3 in SM for 
sandy soils. This study reveals a common emissivity increase with soil water content, higher for 
larger sand content and in the 8 to 9 μm range, but always significant considering the experimental 
uncertainty (δε~±0.5%). The emissivity increase is understood because of both the quartz contribu-
tion to decrease the emissivity of the material chiefly between 7.7 and 9.7 μm, and the decrease of 
the reflectivity by the water film on the soil particles. Emissivity-SM relationships were obtained 
with the aim of using them together with SM estimates from remotely sensed data in order to im-
prove the TIR emissivity estimations and thus, the LST determination. Furthermore, the study 
showed the possibility of retrieving SM from TIR emissivities with a standard estimation error of 
about ±0.08 m3m-3, when considering the OM content. 

INTRODUCTION 
The surface emissivity is an important parameter for determining the long-wave surface energy 
balance, which is strongly affected by the difference between the land surface temperature (LST) 
and the sky brightness temperature. This difference is small outside the atmospheric window re-
gion (7-14 μm) and any changes in the emitted radiation caused by emissivity variability are mostly 
compensated for changes in the reflected sky radiance (1). 

The soil texture influence on emissivity is well-known from experimental studies (2,3,4,5). How-
ever, up to now, few published works analyse the variation of TIR emissivities with soil moisture 
(SM) (6,7,8). Mira et al. (9) recently assessed the importance of an accurate determination of the 
TIR emissivity variation with soil water content to permit accurate temperature retrievals. The study 
showed systematic errors from 0.1 to 2 K due to SM influence on emissivity. In (9), TIR (8-13 μm) 
emissivities of six soil samples with different textures were measured under controlled SM content 
in order to obtain quantitative relationships between SM and spectral emissivities. The best deter-
mination coefficients (R2~0.90 in average) were achieved when using particular equations for each 
spectral band and soil sample, following a quadratic function of emissivity with SM. The measure-
ments showed an emissivity increase up to 16% when water content increased by 24% in the 8.2-
9.2 μm region, with the larger increases at low water contents and high sand contents. In this work 
the study is completed by providing the results of emissivity variation with SM for an additional set 
of eight new soil samples of different textures. A general relationship to define the SM dependence 
of thermal emissivities of soils will be obtained. Furthermore, the possibility of retrieving SM esti-
mates from TIR emissivities is analysed. 

METHODS 
A set of eight soil samples with a diversity of soil types were selected to complement the previous 
work by Mira et al. (9). They included one sample from White Sands desert in New Mexico (USA), 
four soils sampled in the Little Washita River Experimental Watershed (LWREW) in south central 
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Oklahoma (USA), and three soils from a rural area in São Paulo (Brazil). The soil composition for 
the total set of soils ranged from 14% to 100% for sand, 0% to 54% for clay, 0.0% to 8.9% for or-
ganic matter (OM), 1% to 100% for quartz, and 0% to 46% for carbonates content. The quartz 
abundance in most samples is highlighted due to the low emissivity values at the reststrahlen 
bands at 7.7 µm, 9.7 µm, and near 12.6 µm (4). The main soil features are summarised in Table 1.  

Table 1: Soil sample properties, including location, soil texture and bulk mineralogy. 

Samples Location Texture (USDA) 
Sand (%)

Silt (%)
Clay (%) 

OM (%) Quartz (%) CaCO3 (%)

WS 
32º49’26’’N 
106º16’23’’

W 
sand 

100.0 
0.0 
0.0 

0.21±0.01 1.0 0.0 

LW03 
34º57’51”N 
98º4’34”W 

loamy sand 
77.2 
17.6 

5.2 
0.73±0.04 53.7 0.0 

LW13 
34º55’16”N 
97º57’11”W 

loam 
50.8 
35.6 
13.6 

1.61±0.09 76.0 0.0 

LW45 
34º55’37”N 
98º18’14”W 

silty loam 
29.2 
53.6 
17.2 

1.15±0.08 72.4 0.0 

LW52 
34º47’49”N 
98º6’54”W 

sandy clay loam 
62.4 
15.2 
22.4 

1.71±0.10 58.4 0.0 

BR1 
21º57’43”S 

47º50’34”W 
clay 

40.0 
6.0 

54.0 
2.93±0.08 37.9 0.0 

BR2 
22º56’11”S 

47º43’24”W 
sandy loam 

69.0 
15.0 
16.0 

1.47±0.09 82.3 0.0 

BR3 
22º45’18”S 

47º53´ 75”W 
sand 

92.0 
2.0 
6.0 

1.69±0.10 100.0 0.0 

 
The measurement strategy and the configuration details of the container designed to keep the soils 
and allow water drainage and a practical execution of emissivity measurements are given in (9). In 
that study, the gravimetric method was chosen for measuring the SM, since it is considered the 
most accurate technique. However, it is a laborious and destructive method since small amounts of 
soil are removed from the total sample when SM measurements are done. For these reasons and 
because models usually require volumetric SM, which implies less precisely measured densities, 
we calculated volumetric SM measurements using time domain reflectometry (TDR) in this study. 
Volumetric SM is defined as the ratio of the volume of water contained to the total volume of the 
soil sample, and can be obtained from gravimetric SM by considering the bulk density of the sam-
ple. In our experiment, the soil moisture sensor Delta-T SM200 was used, which has a calibration 
uncertainty of ±0.03 m3m-3 for SM determinations according to the manufacturers.  

The emissivities were determined through the two-lid variant of the Box method (10)-(11) and using 
a CIMEL CE-312 thermal infrared radiometer (7). It has four spectral channels: one broad, 8.0-13.3 
μm (channel 1), and three narrow channels, 8.3-9.3, 10.2-11.3, 11.5-12.4 μm (channels 4, 3, and 2 
respectively). A calibration of CE-312 with a Landcal Blackbody Source (Type P80P) within the 
temperature range -10 to 50°C was done during our experiment and uncertainties of about ±0.10 K 
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were obtained. The sensitivity analysis performed by Mira et al. (8) for the Box method showed that 
such radiometric errors yield uncertainties in emissivity of about ±0.012, and no systematic errors. 

According to the two-lid variant of the Box method, the emissivity of a sample is obtained from a 
sequence of measurements of radiance in which a bottomless box with specular reflective walls is 
used in four different configurations. Two interchangeable lids with different spectral response are 
used as tops. One of them (the cold lid) has an emissivity εc=0.03, whereas the other (the hot lid) 
has an emissivity εh=0.98 and its temperature is kept 15-20ºC over that of the sample. A thick insu-
lating material covers the outer walls and lids of the box to insure the thermal homogeneity of the 
system. For additional details on the measurement technique, the reader is referred to (9). 

For each soil sample and a given SM value, a series of 30 emissivity measurements per spectral 
channel was carried out. Afterwards, the average value of the spectral channel emissivity of each 
soil and SM condition was obtained from these series. The sequence of soil saturation and drying 
was repeated at least two times in order to ensure the validity and reproducibility of emissivity 
measurements as well as to obtain intermediate values of emissivity along the SM range. For fur-
ther details on the experimental set up, see (9). 

RESULTS 
The experimental results are summarised in Figure 1, which shows the influence of soil water con-
tent on the TIR emissivity at the different spectral channels. As expected, there is a common in-
crease of TIR emissivities with SM. The increase is clearly larger than the standard uncertainty of 
the measurements, which is about ±0.3%. The emissivity error is the estimated standard deviation 
of the set of 30 emissivity measurements taken for each sample, SM value and band. Quantita-
tively, the highest variation of emissivity with soil water content is observed in channel 4 (8.3-
9.3 μm), followed by variations in channel 1 (8.0-13.3 μm), and finally channel 2 (11.5-12.4 μm) 
and channel 3 (10.2-11.3 μm). From our measurements, it is seen that a large increase of emissiv-
ity at low water content is observed, whereas there is almost no change in emissivity for moisture 
levels above the field capacity (FC) of the soils. A soil is at FC point when, after saturation, all wa-
ter drained from macropores by gravity. We conclude that soils with SM higher than its FC have 
thermal emissivities close to one as a result of the water spectrum, since water is retained in the 
soil macropores. Besides, it is seen that the increase of soil water content results in a sharp de-
crease in the spectral contrast since water is very strongly absorbing in the region of the quartz 
reststrahlen bands (2). 

It is of great interest to find a general relationship that explains how TIR emissivities of soils with 
any soil texture change with SM content. If it is assumed that no knowledge is available about the 
soil type, except its SM, the best results are obtained with equation: 

         ( )lni i i v i va b cε θ= + + θ      (1) 

where ε is the emissivity, θv (m3m-3) is the volumetric soil moisture, and a, b, c are the regression 
coefficients for each spectral channel i (i=1 to 4). R2 and σ take values from 0.36 to 0.66, and from 
±0.7% to ±3%, respectively, leading to LST errors up to ±1.1 K (at 11 μm and for a LST of about 
300 K). Results are summarised in Figure 1. Note that channels 1 and 4 do not depend on θv, but 
only on ln(θv). 

To improve the results, a more complex relationship has to be considered since there are other 
parameters influencing the emissivity spectrum such as soil composition or particle size. A statisti-
cal analysis of our data showed which are the main soil properties affecting the emissivity, besides 
SM content. First, the OM content, which is highly absorbing in the 8-14 µm region and reduces 
the apparent spectral contrast of the quartz reststrahlen bands. According to Salisbury and D’Aria 
(2), soils that contain more than 1.5-2% extractable OM tend to display low ratios between bands 
8.3 µm and 11.3 µm, regardless of the particle size. Second, the quartz content, which exhibits 
fundamental molecular absorption features in the TIR: it contributes to increase the reflectance of 
the material, which means an emissivity decrease, between 7.7 and 9.7 µm, and near 12.6 µm, 
due to the presence of the quartz reststrahlen bands (4). And third, the carbonates content, whose 
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spectrum is distinctive because of the presence of a weak absorption feature centred near 11.2 μm 
and otherwise generally flat spectra (4). Both quartz and carbonates content data improve the es-
timate of the 8.82 μm band (channel 4) and the wide band (channel 1) emissivities. However, they 
are not essential for emissivity estimates at 11.96 μm (channel 2) and 10.80 μm (channel 3). The 
fitting regression relationships presenting the best results for each band when considering not only 
SM but also OM, quartz (Q) and carbonates (C) content is: 

    ( ) 2lni i i v i v i i i ia b c d OM e OM f Q g Cε θ θ= + + + + + +    (2) 

where a to g are the regression coefficients for each spectral channel i (i=1 to 4), and OM, Q and C 
content are given in percent. The results of this analysis are summarised in Table 2. Since the 
minimum SM value is usually different from zero in real conditions, the logarithmic function in Eq. 
(3) should not present divergence problems. As expected, the consideration of ancillary data in 
relationship (2) significantly improved the emissivity estimation. Quantitatively, R2 took an average 
value of 0.78, and σ was lower than ±1.9%, leading to LST errors lower than ±0.7 K (at 11 μm and 
for a LST of about 300 K). Here σ represents the minimum achievable error, which will be larger as 
far as the estimations of parameters (i.e., θv, OM, Q, and C) become less accurate.  
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Figure 1: Soil emissivity measurements for CE-312 channels, at various moisture contents. 
Dashed lines represent the fitting curves of emissivity against soil water content for each channel, 
according to Eq. (1) and coefficients given in each plot. 
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Table 2: Fitting curves of emissivity, ε, against volumetric water content, θv, and other soil proper-
ties, for each spectral band of CE-312, when considering all soils together, including samples from 
(ix). OM: organic matter content, % ; Q: quartz content, %; C: carbonates content, %; a to g: re-
gression coefficients; R2: determination coefficient; σ: standard estimation error. 

 ( ) 2lni i i v i v i i i ia b c d OM e OM f Q g Cε θ θ= + + + + + +  

 
CE321 ch1 
(8-13 μm) 

CE321 ch2 
(12.0 μm) 

CE321 ch3 
(10.8 μm) 

CE321 ch4 
(8.8 μm) 

a ± δ(a) -0.964 ± 0.003 -0.968 ± 0.004 -0.970 ± 0.004 -0.930 ± 0.007 
b ± δ(b), (m3m-3)-1 -0 ± 0 -0.027 ± 0.007 -0.025 ± 0.007 -0 ± 0 
c ± δ(c) -0.0124 ± 0.0010 -0.0060 ± 0.0013 -0.0065 ± 0.0013 -0.020 ± 0.002 
d ± δ(d) -0.0186 ± 0.0019 -0.0033 ± 0.0009 -0 ± 0 -0.050 ± 0.004 
e ± δ(e) -0.00198 ± 0.00019 -0.00078 ± 0.00011 -0.00045 ± 0.00004 -0.0047 ± 0.0004 
f ± δ(f) -0.00022 ± 0.00004 -0 ± 0 -0 ± 0 -0.0005 ± 0.00008 
g ± δ(g) -0.00052 ± 0.00010 -0 ± 0 -0 ± 0 -0.0013 ± 0.0002 
R2 -0.77 -0.79 -0.77 -0.79 
σ -0.009 -0.006 -0.006 -0.019 

 
A complementary approach was considered in this study, i.e., the possibility of retrieving the soil 
water content from TIR emissivity estimates. The best estimates of SM were retrieved through the 
following equation: 

          (3) 2
3 4 4exp( ) exp( ) ( ) ( M)v A B C D E OM F Oθ ε ε ε= + + + + +

where A to F are the regression coefficients, OM is the organic matter content given in percent, 
and εi is the emissivity of channel i (i=3, 4) of the CE-312 radiometer. The results of the analysis, 
summarised in Table 3, showed that R2 was about 0.85, being the standard estimation error (σ) of 
SM of about ±0.08 m3m-3, which can be larger if emissivity estimates are less accurate. Note that 
retrievals of low SM contents have large errors. Therefore, this approach could be considered as a 
way to roughly estimate SM when the emissivity spectrum of the soil is known. Then, the advan-
tage of this method with respect to SM retrievals from microwave-based sensors is the possibility 
of working with a higher spatial resolution, while the disadvantages are the loss of precision in the 
SM retrievals and the fact that only the soil water content from the skin of the surface can be re-
trieved by TIR remote sensing. 

Table 3: Fitting curves of volumetric water content, θv, against TIR emissivities of channel 3 (10.8 
μm) and channel 4 (8.8 μm), and organic matter (OM) content, when considering all soils together 
(including samples from (9)). A to F: regression coefficients; R2: determination coefficient; σ: stan-
dard estimation error. 

2
3 4 4exp( ) exp( ) ( ) ( M)v A B C D E OM F Oθ ε ε ε= + + + + +  

     A ± δ (A), m3m-3                -15.9 ± 1.2 
     B ± δ (B), m3m-3                -  2.8 ± 0.3 
     C ± δ (C), m3m-3 -               29 ± 5 
     D ± δ (D), m3m-3                -70 ± 12 
     E ± δ (E), m3m-3                  -0.113 ± 0.018 
     F ± δ (F), m3m-3 -                 0.0166 ± 0.0017 
     R2                   0.85 
     σ, m3m-3                   0.08 
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CONCLUSIONS 

As reported by previous studies, the experimental measurements demonstrated that there is a 
common increase of emissivity with SM. A large increase of emissivity is observed at low water 
contents, while there is almost no change in emissivity for moisture levels above the soil field ca-
pacity. The scope of the study was to model the emissivity dependence on soil water content. A 
general retrieval procedure applied to any soil retrieved rough estimates of the emissivities with a 
standard estimation error from ±0.7% to ±3%. The study also indicated that the consideration of 
ancillary data (i.e., organic matter, quartz and carbonates content) significantly improved the re-
sults from a general fitting curve applicable to any soil, providing the emissivity with a standard 
estimation error lower than ±1.9%. Furthermore, the possibility of retrieving the soil water content 
from emissivity estimates was also analysed. SM was obtained with a standard estimation error of 
about ±0.08 m3m-3 when the OM content was considered. This could be obtained when the TIR 
emissivity spectrum can be measured with high precision and no data of the soil water content is 
available or it has a poor spatial resolution. The uncertainty in surface temperature associated with 
such emissivity errors took values of about ±0.2 K and ±1.1 K (at 11 μm and for a LST of about 300 
K) from the specific and general relationships, respectively. An important feature of the retrieval 
relationships is that if the soil composition is known, accurate retrievals of TIR emissivities from SM 
are possible.  

This study, which includes data from (9), provides the first database on soil moisture effects on 
emissivity. Thus, this work could be used to estimate thermal emissivities of moist soils with a wide 
variety of textures, which has been difficult up to now due to the lack of published data. Therefore, 
in further work we will explore the feasibility of this approach using Soil Moisture and Ocean Salin-
ity (SMOS) data and compare the retrieved emissivities with those coming from other sources, 
e.g., emissivities from the Moderate Resolution Imaging Spectroradiometer (MODIS) and the Ad-
vanced Spaceborne Thermal Emission and Reflection (ASTER) sensors onboard the National 
Aeronautics and Space Administration (NASA)’s Terra satellite.  

ACKNOWLEDGEMENTS 
This work was supported by the Spanish Ministry of Science and Innovation (research grant of M. 
Mira; projects CGL2007-64666/CLI, CGL2007-29819-E/CLI and CGL2007-28828-E/BOS, which 
are co-financed by FEDER funds) and European Space Agency (SMOS Cat-1 project AO-4748). 
The authors wish to express their gratitude to Dr. T. Schmugge from New Mexico State University 
for assisting us with field work at White Sands, and CLASIC07 field campaign in Oklahoma for pro-
viding us with four soil samples from LWERW. 

REFERENCES 
 
1 Gillespie A, S Rokugawa, T Matsunaga, J S Cothern, S Hook & A B Kahle, 1998. A tempera-

ture and emissivity separation algorithm for Advanced Spaceborne Thermal Emission and Re-
flection Radiometer (ASTER) images. IEEE Transactions on Geoscience and Remote Sens-
ing, 36(4): 1113-1126 

2  Salisbury J W & D M D’Aria, 1992. Infrared (8-14 µm) remote sensing of soil particle size. Re-
mote Sensing of Environment, 42: 157-165  

3  Ninomiya Y & B Fu, 2001. Spectral indices for lithologic mapping with ASTER thermal infrared 
data applying to a part of Beishan Mountains, Gansu, China. In: IEEE International Geo-
science of Remote Sensing Symposium, 7: 2988-2990  

4  Rowan L C & J C Mars, 2002. Lithologic mapping in the Mountain Pass, California area using 
Advanced Spaceborne Thermal Emission and Reflection radiometer (ASTER) data. Remote 
Sensing of Environment, 84: 350-366  

5  Nanni M R & J A Demattê, 2006. Spectral reflectance methodology in comparison to traditional 
soil analysis. Soil Science Society of America, 70: 393-407  



EARSeL eProceedings 8, 2/2009 193 

6  Urai M, T Matsunaga & T Ishii, 1997. Relationship between soil moisture content and thermal 
infrared emissivity of the sand sampled in Muus Desert, China. Remote Sensing Society of 
Japan, 17(4): 322-331  

7  Xiao Q, Q H Liu, X W Li, L F Chen, Q Liu & X Z Xin, 2003. A field measurement method of 
spectral emissivity and research on the feature of soil thermal infrared emissivity. Journal of In-
frared and Millimeter Waves, 22(5): 373-378  

8  Ogawa K, T J Schmugge & S Rokugawa, 2006. Observations of the dependence of the ther-
mal infrared emissivity on soil moisture. Geophysical Research Abstracts, 8: 04996  

9  Mira M, E Valor, R Boluda, V Caselles & C Coll, 2007. Influence of soil water content on the 
thermal infrared emissivity of bare soils: Implication for land surface temperature determina-
tion. Journal of Geophysical Research, 112(F4), F04003, doi:10.1029/2007JF000749 

10  Rubio E, V Caselles & C Badenas, 1997. Emissivity measurements of several soils and vege-
tation types in the 8–14 μm wave band: Analysis of two field methods. Remote Sensing of  
Environment, 59: 490-521  

11  Rubio E, V Caselles, C Coll, E Valor & F Sospedra, 2003. Thermal-infrared emissivities of 
natural surfaces: improvements on the experimental set-up and new measurements. Interna-
tional Journal of Remote Sensing, 24(24): 5379-5390  

12  Brogniez G, C Pietras, M Legrand, P Dubuisson & M Haeffelin, 2003. A high-accuracy multi-
wavelength radiometer for in situ measurements in the thermal infrared. Part II: behavior in 
field experiments. Journal of Atmospheric and Oceanic Technology, 20(7): 1023-1033  

13  Mira M, T J Schmugge, E Valor, V Caselles & C Coll, 2009. Comparison of thermal infrared 
emissivities retrieved with the two-lid Box and the TES methods with laboratory spectra. IEEE 
Transactions on Geoscience and Remote Sensing, 47(4): 1012-1021   
DOI 10.1109/TGRS.2008.2008901  


	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /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 true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


