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Abstract Snowmelt runoff is an important source of
water resources in the arid mountain area. Modelling
snowmelt runoff for cold regions remains a problematic
aspect because of the lack of data by gauges in large basins.
In order to overcome the shortage of measured data in the
snowmelt runoff modelling, the temperature interpolation
method would greatly help in improving the simulation
accuracy and describing the snow-hydrological behaviours
of the study catchments. In this study, the temperature is
the principal variable used to estimate the importance of
the melting of snow cover using the snowmelt runoff
model. Five different temperature interpolation attempts
were performed over the Kaidu River Basin for the
snowmelt season of the year 2000. Three temperature
inputs were taken directly from the individual weather
stations in or near the study area, and the other two tem-
perature inputs were interpolated from the three weather
stations. The results indicated that the temperature esti-
mated from different methods could result in quite a dif-
ference in runoffs in comparison with the observed ones.
The simulation results using average temperature from the
three stations showed good results; the simulation run with
the weighted average temperature generated a lower R>
than the average temperature of three stations and using
temperature directly adopted from three individual stations
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gave various results. The weather stations used to perform
the snowmelt runoff simulation should be located in the
place which is most representative of the mountain weather
conditions, and the land cover and topography that those
stations represented also play an important role in the
snowmelt runoff simulation.
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Introduction

In the arid area of northwest China, a large fraction of
annual stream flow in river basin is generated in the
mountains, where the outlet stream was close to total water
of the whole basin, which plays a main role of the eco-
logical function (Chen 2001). The snowfall that takes place
in the mountains provides a rich and stable snowmelt
runoff, and the snowmelt is significant surface water input
which is important to many aspects of hydrology including
water supply, erosion and flood control (Tarboton et al.
1995), especially in the dry season (Gao and Shi 1992;
Chen 2001). In order to forecast the snowmelt runoff, it is
necessary to understand the snowmelt process and their
response to external inputs by using the hydrological model
because they are influenced by both the internal structure of
the watershed system and external disturbances (Li and
Simonovic 2002).

Temperature is identified as a critical factor that affects
watershed hydrological processes, especially snowpack
accumulation and snowmelt (Neitsch et al. 2001; Tanasienko
and Chumbaev 2008). The runoff generated from snowmelt
may follow a general pattern as temperature changes during
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the snowmelt period. Air temperature is presented as the
principal variable used to estimate snowmelt in an empirical
model such as the snowmelt runoff model (SRM) (Bl6schl
1991; Brubaker et al. 1996), and the accurate average tem-
perature at the reference latitude is fundamental for guar-
anteeing simulation precision, especially for large basins
(Rango and Martinec 1981). The air temperature values have
a high correlation with the gauge station hydrometric mea-
surements (Richard and Gratton 2001; Zhang et al. 2007). In
the Kaidu River Basin, where the streamflow is mainly
generated from the mountains, the lack of weather stations
makes it difficult to obtain accurate and reliable temperature
values for the snowmelt runoff simulation. Hence, the proper
temperature description methodology and the appropriate
extrapolated approach are required for practical use in esti-
mating snowmelt runoff. A broad consensus of scientists has
concluded that the global surface air temperature has
increased by about 0.6°C during the twentieth century, and
these increases are likely to persist in the twenty-first cen-
tury, and will probably be accompanied by changes in pre-
cipitation and runoff amounts (IPCC 2001). An increase in
temperature may affect important changes in hydrologic
cycle (Houghton et al. 1996) and water resource availability
(Brent and Yu 1999). Higher temperature under climate
variation has a serious impact on the hydrologic processes
related to the floods caused by snowmelt, which often hap-
pens in the Kaidu River Basin (Zhang et al. 2007). More
attention should be given to flood risks rather than to
droughts in the study region.

Previous studies of snowmelt estimation were based on
a temperature index approach with the assumption that
temperature is a major driving force in snowmelt processes

Fig. 1 Location of the Kaidu $3°E

(Liu et al. 2006; Li and Wang 2008), but other approaches
hypothesize that temperature alone cannot adequately
explain the processes of snowmelt (National Engineering
Handbook 2004; Zhang et al. 2007), that the elevation and
other factors that influence snowmelt, including land use/
land cover, aspects and slopes are the dominant ones
(Morid et al.2002; LaMalfa and Ryle 2008). This study
aims to simulate snowmelt runoff using the snowmelt
module in the SRM according to the average temperature
interpolate method. The simulated runoffs using the five
different temperature input attempts are compared with
each other and with the measured data. Other factors such
as land cover influencing snowmelt runoff were also
analysed.

Methodology
Study area and station description

The Kaidu River Basin (Fig. 1), located in the southern
slope of Tianshan Mountains, Xinjiang, China, is enclosed
between latitudes 42°14'N-43°21'N and longitudes
82°58'E-86°05E. It spans an area of 1.9 x 10* km?. Its
major peak is about 5,000 m in elevation, and the deepest
depression is 1,400 m.

The region has a complex topography including grass-
land, marsh and desert, and surrounding mountainous
alpine areas. The snow accumulation lasts 5 months from
November of every year to March of the next year. With
temperatures increasing during April and May, seasonal
snowmelt water associated with the rainfalls begins
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supplying the river. Snowmelt is the main water source for
the germination of the Bayinbuluk pasture, and also the
principal source of water required for the economic, social
development, and growth of these regions. The hydrologic
flow in the Kaidu River Basin is driven by snowmelt in the
spring, rainfall/snowmelt in the summer, and perennial
glacier melting. The first flood peak appears between
March and April, which is mainly governed by snowmelt,
while the second flood peak appears between July and
August, which is mainly governed by rainfall. Floods
resulting from melting event will bring potential hazards
for downstream regions because a high volume of flow
generates within a short period of time.

Runoff prediction

In order to predict the runoff, the SRM is used in this study.
The SRM is a semi-distributed hydrological model which
has been applied principally in high mountain environ-
ments where it obtains excellent results (Wang et al. 2001).
The SRM calculates the daily runoff by computing the
water produced from snowmelt and rainfall on all elevation
zones and adding them to the recession flow according to
the following equation:

Oni1 = [cspan(T, + AT,) s, + cRyPJA X 1(1 — kyyy)
+ QnKn+l (1)

where Q (m> s™") is the average daily discharge, C is the
runoff coefficient expressing the losses as a ratio (runoff/
precipitation), with Cg referring to snowmelt and Cy to
rain, a, (cm °C~' d™") is the degree-day factor indicating
the snowmelt depth resulting from 1 degree-day, 7, (°C d)
is the number of degree-days above the base of 0°C,
AT, (°C d) is the adjustment by temperature lapse rate for
different altitudes of meteorological stations, S, is the ratio
of the snow-covered area to the total area, P, (cm) is the
precipitation contributing to runoff, A; (km?)is the area of
the basin or zone, k,, is the recession coefficient indicating

Table 1 Elevation zones of the Kaidu River Basin

the decline of discharge in a period without snowmelt or
rainfall, n is the sequence of days during the discharge
computation period, 10,000/86,400 converts cm km? d~!
to m> s_l, and m is the number of elevation zones. 7, S and
P are variables, while others are parameters.

As physical environment varies drastically with
increasing altitudes, the basin with a great elevation range
was divided into several zones to better describe the
physical environment. Previous studies suggested that an
interval of less than 500 m is better for the elevation zones,
because this can reduce the system error (SRM manual,
Martinec et al. 1998; Zhang et al. 2007), while excessively
small intervals will increase the modelling complexity.
Based on a 1:250,000 scale DEM data, the Kaidu River
Basin has been divided into eight elevation zones
(Table 1). Climate data are essential for assessing snow-
melt runoff. In this study, climate data were acquired from
three meteorological stations: one is the Bayinbuluk station
which is inside the study region, and the other two stations
are Gongnaisi station and Baluntai station, which are near
the study region.

In order to run the SRM, information about the snow
cover is also required. To estimate the change in snow
cover over the Kaidu River Basin, moderate resolution
imaging spectroradiometer (MODIS) 8-day snow maxi-
mum extent cover imagery was obtained by linearly
interpolating to daily snow coverage (Fig. 2). These ima-
ges are particularly efficient for the estimation of the snow
cover (Tekeli et al. 2005).

Temperature estimation for the SRM simulation

Five methods are used in this study to estimate the impact
of changing temperature in the hydrological modelling.
The first method uses the weighted average temperature
from three selected stations. The weighted stations were
obtained using SLURPAZ software (slurp model manual,
Kite 2003). The weights were determined using the

Zone Elevation range (m) Area (km?) Mean elevation (m) Station Land cover

A 1,400-1,825 198.63 1,670.97 Gongnaisi Meadow close to the forest
Baluntai Opening on the meadow

B 1,825-2,250 241.87 2,045.93 - -

C 2,250-2,675 5,297.16 2,512.73 Bayinbuluk Opening on the meadow

D 2,675-3,100 5,696.69 2,857.80 - -

E 3,100-3,525 4,193.95 3,293.17 - -

F 3,525-3,950 2,454.75 3,689.58 -

G 3,950-4,375 619.37 4,056.95 - -

H 4,375-4,800 22.60 4,424.44 - -

Entire basin 1,400-4,800 18,725.02 2,924 .81 - -
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Fig. 2 Snow coverage depletion curve for the Kaidu River Basin in
2000 (Zone C-H)

individual weather stations identified by stations based on
the topographic analysis using a digital elevation model
(DEM); the land-uses classification of the area and the
distances between the individual stations and the drainage
basin. The weights were Gongnaisi station: 30%, Bayinb-
uluk station: 19%, and Baluntai station: 51%. The second
one simply averages temperature from three stations.
Another three methods use the temperature provided only
from each selected station inside or in proximity to the
drainage basin. Temperature estimated from first two
average methods is used in the zone with an average height
of three stations, while the temperature directly adopted
from each station in last three methods is used in the zone
corresponding to the station’s height; then, the temperature
estimated in the given zone is used to calculate temperature
for other zones by temperature lapse rate. Overall, esti-
mated temperature for all zones from the five methods is
used for different runs of the SRM.

Calibration and performance assessment of the model

Different temperature input attempts were performed over
the Kaidu River Basin using the SRM for the 2000 snow-
melt period (22 March-5 June). Each modelling run was
done using the same set of parameter values, which were
previously calibrated and adjusted to the basin. Only the
temperature and precipitation values were changed
between each run. The precipitation values were estimated
using the same method which was employed to acquire the
temperature data.

The modelling results were evaluated using a determi-
nation coefficient (Rz), also known as the Nash—Sutcliffe
coefficient:

n 2
Zi:l (Qi — Q;)

n ~N\2
Zi:l (Qi - Q)
where, R’ represents a measure of the precision of the SRM
results, Q; measured daily runoff, Q; stands for the modelled

daily runoff and Q is the average daily runoff which corre-
sponds to a long-time average of the measured daily runoff.

RP=1-

(2)

@ Springer

Results
Relation of runoff with temperature and precipitation

The Bayinbuluk station is located in the Kaidu River Basin,
while the Gongnaisi and the Baluntai stations are located
near the Kaidu River Basin. The different location and
topography of the three weather stations result in the dif-
ferences in the temperature and precipitation. The annual
and snowmelt season precipitation of the Gongnaisi station
is the most of the three stations, while the annual and
snowmelt season temperature of the Baluntai station is the
highest of the three stations. The elevation of Bayinbuluk
station is 2,458.9 m, which is higher than both the Gon-
gnaisi and Baluntai stations (Table 2).

In the arid mountain area, the snowfall and snowmelt are
the two most important hydrologic components. Precipi-
tation and temperature are the two main factors influencing
the snowmelt runoff. The relations of runoff with temper-
ature and precipitation in the Kaidu River Basin are shown
in Fig. 3 using the data from Bayinbuluk station. The
correlation analysis indicates that the correlation between
runoff and air temperature is relatively good with best
correlation coefficient reaching 0.7598 during an entire
year (Fig. 3b) and 0.7091 during the snowmelt season
(Fig. 3d), but it can only reach 0.6959 during an entire year
(Fig. 3a) and 0.4254 during the snowmelt season (Fig. 3c)
between runoff and precipitation. The runoff during the
snowmelt season is not only contributed by rainfall, but
also by snowmelt, which results in a low correlation
coefficient between runoff and precipitation. The result
shows that the air temperature values are crucial to the
snowmelt runoff in the study area.

Snowmelt runoff based on different series
of temperature values

The determination of temperature lapse rate of Kaidu River
Basin was carried out using the three weather stations
during the ablation period (March—June) in 1999, 2000, and
2001. The average monthly temperature during the ablation
period has been analysed to determine suitable lapse rate of
slope temperature for temperature index of the SRM
(Table 3). The result showed that the average monthly
temperature varies greatly among years, but the tempera-
ture decline from the Baluntai to Bayinbuluk was much
faster than that from Gongnaisi to Bayinbuluk. This phe-
nomenon is caused by the difference in land cover. The
land cover from Gongnaisi to Bayinbuluk is dominated by
forest, which has the ability to adjust the temperature and
moisture. However, land cover from Baluntai to Bayinb-
uluk mainly consists of bare land and grassland which have
less ability to adjust temperature than forests.
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Table 2 The detail information of the three weather stations

Station Elevation Longitude Latitude Annual P Annual Snowmelt Snowmelt season
(m) (mm) mean T (°C) season P (mm) mean T (°C)
Bayinbuluk 2,458.9 84° 09’ 43° 02 275 -53 80.4 —2.03
Gongnaisi 1,776 820 24/ 43° 16/ 949 1.76 246.3 34
Baluntai 1,739.47 86° 18’ 42° 44/ 211 7 353 9.67
T temperature, P precipitation
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Fig. 3 The correlation between precipitation and runoff, mean temperature and runoff a, b during the entire year ¢, d during the snowmelt

season

Mean temperature lapse rate within the basin during the
ablation period from 1999 to 2001 is used for the SRM.
Other parameters were determined with regard to the cli-
matic and hydrological conditions of the study basin and
are listed below (Table 4).

The runoffs from SRM simulation with different meth-
ods to estimate temperature and precipitation are shown in
Fig. 4. The results indicate that the temperature and pre-
cipitation estimated from different methods could result in
quite a difference in runoffs in comparison to the observed
ones.

Using the average temperature of three stations and the
temperature of Bayinbuluk station showed a better simu-
lated result than the other three temperature input attempts
(Fig. 4). The output runoffs from the average temperature
of three stations exhibit a similar trend to the measured
values even in the early snowmelt period. The average
temperature interpolate method can better catch the peak of
the early snowmelt runoff than the other temperature input

Table 3 Average monthly laps rate°C (100 m)~" for different station
pairs during the three year observation

Year March April May June
Form Gongnaisi to Bayinbuluk

1999 —0.76 —0.30 —0.94 -0.70
2000 —1.47 —0.44 —0.48 —0.40
2001 —1.34 —0.40 —0.57 —0.48
Form Baluntai to Bayinbuluk

1999 —1.42 —1.31 —1.22 —1.18
2000 —2.38 —1.18 —1.32 —1.03
2001 —1.95 —1.13 —1.31 —1.40

methods. The weighted average temperature input method
showed a higher runoff volume than the measured runoff.
The simulation result showed that the smallest error is
using the temperature data in Bayinbuluk station, and all
simulation runoff is less than the measured data before
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Table 4 the parameter values given in the modelling of the Kaidu
River Basin

SRM Parameter Elevation zones

Description A B C D E F G H

Degree-day factor 0.35 035 0.35 0.3 0.25 0.25 0.25 0.25
(cm°C~td™h

Snowmelt Runoff 0.8
coefficient Cs

08 08 08 08 09 09 09

Rain runoff 0.75 0.75 0.75 0.75 0.65 0.65 0.6 0.6
coefficient Cr

Critical temperature 2 2 2 2 2 2 2 2
O

Rainfall contributing
area

Time Lag (L, h) 18 18 18 18 18 18 18 18

—
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—
S
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Fig. 4 Modelling the runoff for the Kaidu River using the five
temperature estimation methods

April 10th. In the early snowmelt period, the temperature
of individual weather stations cannot reach the peak well.

The results of R? varied between 0.34 and 0.81 (Fig. 5).
The modelling run using the average temperature of three
stations generated the best simulation result with a R* of
0.81, while that using the temperature directly adopted
from the Baluntai station obtained the lowest R* with 0.39.
The R? from other three methods for estimating the tem-
perature ranges from 0.60 to 0.76.

Discussion and conclusions

The SRM offers a great platform to simulate the snowmelt
runoff in mountainous areas where there is a lack of
weather stations. The simulation runs of the SRM using
temperature estimated by the five methods demonstrate that
the temperature plays a crucial role in determining snow-
melt runoff. The variations in R were directly attributed to
changes in the series of temperature values inserted in the
five modelling runs. The results showed how the temper-
ature values influence the simulated results, and the effect
of the other factors such as topography and the station
environment on the snowmelt process.

@ Springer
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Fig. 5 Modelling precision (R?) for the Kaidu River Basin

The modelling results using average temperature from
the three stations showed good results because the average
temperature reduced the local temperature effects of par-
ticular stations, which implies that temperature inputs from
more stations will improve snowmelt runoff prediction.

Simulation run with the weighted average temperature
generated a lower R” than the average temperature of three
stations and the temperature of the Bayinbuluk station did.
The weight in the weighted average temperature method
was given according to topography, vegetation cover, and
the area of influence of individual stations based on the
distance to the drainage basin. The Baluntai station’s
weight is 51% which occupies more proportion than the
Gongnaisi and Bayinbuluk stations, but this station is
located near the outlet of the drainage basin, which is more
representing of the plane weather conditions with higher
temperature and lower precipitation than the mountain
weather conditions. The greater weight of the Baluntai
station would give a poorer result. The weight selected in
the weighted average temperature method had an important
impact on the modelling results.

The SRM simulation using temperature directly adopted
from three individual stations gave various results. The
SRM using the temperature from the Bayinbuluk station
generated the best results. The main reason is that the
elevation of the station with 2,458 m belongs to zone C,
which is much closer to the hypsometric mean elevation of
2,924.81 m, and the station is able to better represent the
mountain weather conditions. Gongnaisi station and Bay-
inbuluk station are located on the two sides of the Sarming
Mountain. The topography represented by Gongnaisi sta-
tion is quite different from Bayinbuluk station, which
affects the temperature and precipitation of Gongnaisi
station. The mean temperature at the Gongnaisi station
during the snowmelt season is above 0°C, and the precip-
itation is three times than Bayinbuluk’s. Higher tempera-
ture and more precipitation at the Gongnaisi station
influence the snowmelt process, which results in more
simulated runoff than other simulation runs do. The worst
results came from the Baluntai station which is located near
the outlet of the drainage basin. The Baluntai station has
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the highest temperature and the lowest precipitation of the
three weather stations.

The station represents the plain weather conditions
rather than the mountain weather conditions. The local
climate conditions of the weather stations play an impor-
tant role in the precision of runoff simulation.

The other factors, such as land cover, also make effect
on the snowmelt simulation. Of all the three stations, only
the Bayinbuluk station is located on the open meadow land
which is the principal land cover type of the Kaidu basin,
while the Gongnaisi and Baluntai stations are located on
both the meadow close to the forest area and to bare land,
respectively. The forest and bare land environment may
influence the temperature and the energy exchange during
the snowmelt season. The Bayinbuluk station is located in
zone C and the other two located in zone A. The stations
located in the lower elevation cannot represent the pre-
cipitation event well. The general context and topography
of these stations play a more important role than the
weighted method does.

Changes in temperature mainly affect snowfall and
snowmelt regimes. Snowfall and snowmelt in the arid
mountain area are the two most important hydrologic
components. The increased temperature increased the rate
and intensity of warm season snowmelt, which leads to the
changes in peak runoff and its timing within a year.

In the arid mountain environment, the temperature is a
more critical factor for runoffs than precipitation, and this
fact is much more obvious during the snowmelt season
than the whole year. The simulation results indicated that
the SRM using five temperature estimation methods is able
to generate runoff patterns similar to observed ones, but the
numerical results are quite different. Although temperature
plays a critical role in the SRM simulation, the local
environmental factors such as the general context and
topography of stations also has an important impact on the
simulation outcomes. Since the SRM does not consider
these aspects in terms of parameters, it is expected to take
them into account for further study on snowmelt runoff
estimation.

Acknowledgments The authors would like to thank Key Program
of National Natural Science Foundation of China (No. 40730633),
Key Projects in the National Science & Technology Pillar Program
(No. 2007BAH12B03) and the initial phase of the State Key Basic R
& D Program of China (973 Program, No. 2009CB426309).

References

Bloschl G (1991) The influence of uncertainly in the air temperature
and albedo on snowmelt. Nord Hydrol 22:95-108

Brent F, Yu Z (1999) An evaluation of two hydrologic models for
climate change scenarios. Am Water Res Assoc 35:1351-1363

Brubaker K, Rango A, Kustas W (1996) Incorporating radiation
inputs into the snowmelt runoff model. Hydrol Process 10:1329—
1343

IPCC (Intergovernmental Panel on Climate Change) (2001) In:
Houghton the third assessment report of Working Group I of the
Intergovernmental Panel on Climate Change (IPCC). Cambridge
University Press, New York, pp 881

Chen M (2001) Northwest arid water resources and ecological
environment construction. Land Resour Commun 10:38-41

Gao Q, Shi S (1992) Water resources in the arid zone of northwest
China. J Desert Res 124:1-12

Kite G (2003) Manual for the slurp hydrological model. Version 12.5

Houghton JJ, Meiro Fihlo LG, Callander BA, Harris N, Kattenberg A,
Maskell K (1996) Climate change 1995: the science of climate
change. A contribution of Working Group I to 2nd assessment
representative of the Intergovernmental Panel on Climate
Change (IPCC). Cambridge University Press, Port Chester

LaMalfa EM, Ryle R (2008) Differential snowpack accumulation and
water dynamics in aspen and conifer communities: implications
for water yield and ecosystem function. Ecosystems 11(4):569—
581

Li L, Simonovic SP (2002) System dynamics model for predicting
floods from snowmelt in North American prairie watersheds.
Hydrol Process 16:2645-2666

Li H, Wang J (2008) The snowmelt runoff model applied in the upper
Heihe River Basin. J Glaciol Geocryol 30:769-775

Liu J, Yang J, Chen R, Yang Y (2006) The simulation of snowmelt
runoff model in the Dongkemadi River Basin, headwater of the
Yangtze river. Acta Geographica Sinica 61:1149-1159

Martinec J, Rango A, Roberts R (1998) The snowmelt runoff model
(SRM) user’s manual (updated Editon 1998, Version 4.0).
7(30):45-57

Morid S, Gosain AK, Keshari AK (2002) Solar radiation estimation
using temperature-based stochastic and artificial neural networks
approaches. Nord Hydrol 33(4):291-304

National Engineering Handbook (2004) Part 630 hydrology, Chapter
11 (snowmelt). United States Department of Agriculture, Natural
Resources Conservation Services

Neitsch SL, Arnold JG, Kiniry JR, Williams JR (2001) Soil and water
assessment tool (SWAT) theoretical documentation. Blackland
Research Center, Texas Agricultural Experiment Station, Tem-
ple, p 781

Rango A, Martinec J (1981) Accuracy of snowmelt runoff simulation.
Nordic Hydrol 12:265-274

Richard C, Gratton DJ (2001) The importance of the air temperature
variable for the snowmelt runoff modelling using the SRM.
Hydrol Process 15:3357-3370

Tanasienko AA, Chumbaev AS (2008) Features of snowmelt runoff
waters in the Cis-Salair region in an extremely snow-rich
hydrological year. Contemp Prob Ecol 1(6):687-696

Tarboton DG, Chowdhury TG, Jackson TH (1995) A spatially
distributed energy balance snowmelt model. In: Proceedings of
symposium on biogeochemistry of seasonally snow-covered
catchments. Boulder

Tekeli AE, Akyurek Z, Sorman AA, Sensoy A, Sorman AU (2005)
Using MODIS snow cover maps in modelling snowmelt runoff
process in the eastern part of Turkey. Remote Sens Environ
97:216-230

Wang J, Shen Y, Lu A, Wang L, Shi Z (2001) Impact of climate
change on snowmelt runoff in the mountainous regions of
northwest China. 23:28-33

Zhang YC, Li BL, Bao AM, Zhou CH, Chen X, Zhang XR (2007)
Study on snowmelt runoff simulation in the Kaidu River Basin.
Sci China Series D Earth Sci 50(1):26-35

@ Springer



	The simulation of snowmelt runoff in the ungauged Kaidu River Basin of TianShan Mountains, China
	Abstract
	Introduction
	Methodology
	Study area and station description
	Runoff prediction
	Temperature estimation for the SRM simulation
	Calibration and performance assessment of the model

	Results
	Relation of runoff with temperature and precipitation
	Snowmelt runoff based on different series of temperature values

	Discussion and conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


