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Abstract—The objective of this paper is to quantify the use of

past seismicity to forecast the locations of future large earthquakes

and introduce optimization methods for the model parameters. To

achieve this the binary forecast approach is used where the surface

of the Earth is divided into l� 9 l� cells. The cumulative Benioff

strain of m C mc earthquakes that occurred during the training

period, DTtr, is used to retrospectively forecast the locations of

large target earthquakes with magnitudes CmT during the forecast

period, DTfor. The success of a forecast is measured in terms of hit

rates (fraction of earthquakes forecast) and false alarm rates

(fraction of alarms that do not forecast earthquakes). This binary

forecast approach is quantified using a receiver operating charac-

teristic diagram and an error diagram. An optimal forecast can be

obtained by taking the maximum value of Pierce’s skill score.

Key words: Earthquake forecasting, ROC diagram, error

diagram, forecast verification.

1. Introduction

Forecasts of the locations of future major earth-

quakes play an important role in earthquake

preparedness and determining earthquake insurance

costs. Many such forecasts have been carried out, one

example is the National Seismic Hazard Map for the

United States (FRANKEL et al., 1996). This is a prob-

abilistic estimate of the ground-shaking risk. A major

input into this assessment is the observed rate of

occurrence of past earthquakes. KOSSOBOKOV et al.

(2000) utilized the rates of occurrence of m C 4.0

earthquakes globally to forecast the expected rates of

occurrence of larger earthquakes. Recently, the

Regional Earthquake Likelihood Models (RELM)

forecasts were published (FIELD, 2007). This repre-

sents the first-generation of forecasts based on a

variety of approaches and methods. It also introduces

a testing methodology to verify and compare these

forecasts (SCHORLEMMER et al., 2007).

In this paper we have presented a method to

construct a binary forecast of where future large

earthquakes are likely to occur globally. We divide

the Earth’s surface into l� 9 l� cells in order to

construct the forecast and evaluate its success. The

input for our forecast is a relative intensity (RI) map

of m C mc earthquakes that occur in the cells during a

specified training period, DTtr. As a measure of RI we

have utilized the cumulative Benioff strain in each

cell during that period. The cumulative Benioff strain

has been computed using the data from the CMT

(Harvard) catalog (http://www.globalcmt.org). This

catalog is complete from 1/1/1976 to 1/1/2008 to

magnitude mc = 5.5. The RI map is then converted to

a binary forecast by introducing a threshold cumu-

lative Benioff strain. Cells with Benioff strains

greater than this threshold constitute alarm cells

where future earthquakes are forecast to occur. A

high threshold reduces the forecast areas but leads to

more events that are not predicted. A low threshold

reduces the failures to predict but increases the false

alarms. We have introduced a standard optimization

procedure for binary forecasts in order to select the

optimal threshold.

In order to test our method we have performed a

retrospective analysis. To define training and fore-

casting time periods we subdivide the catalog using a

base year Tb, a forecasting year Tf, and an end year Te.
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We have utilized seismicity during the training

period from Tb = 1/1/1976 to Tf = 1/1/2004 (DTtr :
Tf - Tb = 28 years) to make a forecast for the

locations of future target earthquakes of a specified

magnitude, mT C 7.2. The locations of earthquakes

during the forecasting period Tf = 1/1/2004 to Te =

1/1/2008 (DTfor : Te - Tf = 4 years) are then used

to test the validity of the method. The success of the

binary forecast has been evaluated using techniques

developed in the atmospheric sciences (MASON,

2003). The evaluation is in terms of a hit rate (frac-

tion of events that are successfully forecast) versus a

false alarm rate (the fraction of forecast cells in which

earthquakes do not occur). Both hit rate and false

alarm rate are functions of the tuning parameter

(in our case the threshold Benioff strain). Their

parametric plot produces a receiver operating char-

acteristic (ROC) diagram. This approach has been

used by HOLLIDAY et al. (2005) to test the success of

forecasting algorithms in California. Similar analysis

was also applied to the verification of the interme-

diate-term earthquake prediction algorithm M 8 by

MINSTER AND WILLIAMS (1999).

We have also quantified our approach using the

variation of the error diagram introduced by

MOLCHAN (1991), MOLCHAN AND KEILIS-BOROK (2008).

The comparison of the error diagram approach and

the maximum likelihood method for evaluation of

earthquake forecasting methods was given by KAGAN

(2007). The connection between the entropy score

and log-likelihood estimates with applications to

several seismicity models is given in HARTE AND

VERE-JONES (2005). The analysis of the error diagram

approach applied to California seismicity was per-

formed by ZECHAR AND JORDAN (2008). KOSSOBOKOV

AND SHEBALIN (2003) and ZALIAPIN et al. (2003) have

applied the error diagram to test a number of earth-

quake predictions algorithms.

2. Relative Intensity of Global Seismicity

The proposed analysis is based on the RI of past

seismicity where large target earthquakes with mag-

nitudes greater than mT C 7.2 are forecasted. The

moment magnitude m of earthquakes has been cal-

culated from the scalar moment according to the

formula m ¼ 2
3
log10ðM0Þ � 10:7; where M0 is a scalar

moment reported in the CMT catalog. The grid size

plays an important role in this analysis. In this study

the Earth’s surface has been subdivided into 2� 9 2�
cells

As a measure of the RI the cumulative Benioff

strain has been computed in each cell for a specified

training time period DTtr. The cumulative Benioff

strain B up to time t is defined as

BxyðtÞ ¼
XNxyðtÞ

i¼1

ffiffiffiffiffiffiffi
E
ðiÞ
xy

q
; ð1Þ

where Exy
(i) is the seismic energy release in the ith

earthquake and Nxy(t) is the number of earthquakes

considered up to time t, and (xy) is the coordinates of

a given cell. The seismic energy E is related to the

seismic moment M0 as E * M0.

The normalized RI in a cell is given by Bxy/Bmax

where Bxy is the cumulative Benioff strain in the

active cell under consideration and Bmax is the

Benioff strain for the most active cell. The cumulative

Benioff strain is also normalized by the actual area of

the corresponding cell measured in square kilometers.

In order to construct a binary map a decision

threshold of RI is applied. All cells with intensities

greater than the specified threshold are alarm cells

and constitute the binary forecast. To illustrate our

approach we consider a specific example. The anal-

ysis is based on the seismicity during a training

period from Tb = 1/1/1976 to Tf = 1/1/2004 (DTtr =

28 years). The threshold for the normalized Benioff

strain B/Bmax = 0.0417 is used. The reason for

selecting this particular threshold will be discussed in

the next section. The alarm cells in which earth-

quakes are forecast to occur are illustrated in Fig. 1.

During the entire time period (Tb = 1/1/1976 to

Te = 1/1/2008) there were 1,503 active cells (cells

with at least one earthquake with magnitudes

m C 5.5) out of total of 16,200 cells. Note that the

area of the active cells depends on the chosen cell

size and their geographic location. Also shown in

Fig. 1 are the 34 earthquakes with mT C 7.2 that

occurred during the forecast period Tf = 1/1/2004 to

Te = 1/1/2008 (DTfor = 4 years). The next step is to

quantify the success of our binary forecast of the

locations of these earthquakes.
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3. Forecast Verification

The success of a forecast is based on maximizing

the fraction of the earthquakes that occur in alarm

cells and minimizing the fraction of the alarm cells in

which no earthquake occurs. This analysis is carried

out by utilizing a contingency table approach. Each

cell in which an earthquake is forecast to occur

constitutes an alarm cell. Earthquakes occur in some

of these alarm cells but also in cells where alarms

have not been issued. As a result of this test each cell

falls in one of four categories: a, alarm and earth-

quake (successful forecast); b, alarm but not

earthquake (false alarm); c, no alarm but an earth-

quake (failure to predict); d, no alarm and no

earthquake (successful forecast of non-occurrence).

In addition a is the number of target earthquakes that

occurred in alarm cells, b is the number of alarm cells

with no earthquakes in them, c is the number of target

earthquakes that occurred outside alarm cells, and d is

the number of cells with no target earthquakes and

which are not alarm cells.

As a specific example we consider the forecast

given in Fig. 1. We retrospectively test this forecast

in terms of the locations of mT C 7.2 target earth-

quakes that occurred during the forecast period

Tf = 1/1/2004 to Te = 1/1/2008. The total number of

2� 9 2� cells in which a m C 5.5 occurred during the

entire time period (active cells) was 1,503. During

the forecast period a ? c = 34 earthquakes with

mT C 7.2 occurred. Of these a = 23 occurred in

alarm cells (were forecast) and c = 11 occurred in

the other cells (were not forecast).

The success of a forecast can be quantified using a

hit rate, H, and a false alarm rate, F:

H ¼ a

aþ c
; F ¼ b

bþ d
: ð2Þ

The hit rate H is the fraction of earthquakes that are

successfully forecast. For this example we have
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Figure 1
Spatial distribution of 2� 9 2� alarm cells. Earthquakes with magnitudes greater than m C 5.5 are considered during the time period 1/1/1976

until 1/1/2004 (DTtr = 28 years). Also shown as squares are the locations of earthquakes with mT C 7.2 that occurred during the forecast

period Tf = 1/1/2004 to Te = 1/1/2008 (DTfor = 4 years). The threshold value corresponds to the maximum Pierce’s skill score given in

Fig. 3a
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H = 23/34 = 0.676. The false alarm rate F is the

fraction of cells with no earthquake for which an

alarm was issued. The hit rate H and the false alarm

rate F define conditional probabilities H = P(A|E)

and F = P(A|not E) respectively, where A denotes an

event of having an alarm in given cells and E denotes

an event of having a target earthquake in a given cell.

For this example we have F = 371/1469 = 0.253.

The result of a forecast is given in a contingency table

(Table 1).

The above example has given the values of H and

F for the specific value of the tuning parameter

B/Bmax = 0.0417. The plot of H and F for a range of

B/Bmax values is known as a ROC diagram. An ROC

diagram for our forecast is shown in Fig. 2a. Results

are given for large earthquakes with magnitudes

mT C 7.2. The diagonal line from (0.0) to (1.1) would

be the long-run expectation for alarms that are

declared randomly. A perfect forecast would have

F = 0 (no false alarms) and H = 1 (all earthquakes

are forecast).

The choice of the optimal forecast (preferred

value of B/Bmax) is the subject of extensive discus-

sions in the atmospheric science literature (MASON,

2003). Several quantitative measures find wide use.

One of these is Pierce’s skill score:

PSSROC ¼ H � F ¼ ad � bc

ðaþ cÞðbþ dÞ; ð3Þ

which is the difference between the observed hit rate

H and the value on the diagonal line corresponding to

the random forecast. This score is also known as

Hansen-Kuiper’s score or Kuiper’s performance

index (MASON, 2003; HARTE AND VERE-JONES, 2005).

The history and applications of this score along with

its properties can be found in MASON (2003).

A perfect forecast would be PSSROC = 1.0. The val-

ues of PSSROC corresponding to the results in Fig. 2a

are given in Fig. 3a. They are plotted as a function of

the tuning parameter values B/Bmax (Fig. 2a).

The maximum value of PSSmax
ROC ¼ PSSROC from

an ROC diagram can be used to find an optimizing

value of the tuning parameter. For large earthquakes

mT C 7.2 the maximum value of Pierce’s skill score

is PSSmax
ROC ¼ 0:424 corresponding to the threshold

value B/Bmax = 0.0417. This corresponds to H =

0.676 and F = 0.253 and was the basis for selecting

this threshold value for the example given in Fig. 1.

The value of the hit rate H = 0.676 (67.6%) gives the

probability of having a large earthquake in the alarm

cells during the forecast period. The threshold values

obtained from retrospective forecasts can be applied

a priori in subsequent prospective forecasts. This can

be done by analyzing a particular region of study

where the magnitude of completeness of a catalog is

obtained and the optimal threshold and cell size

values were determined from the retrospective

analysis.

Another method of measuring the success of a

forecast is the error or Molchan’s diagram approach

(MOLCHAN, 1991; MOLCHAN and KAGAN, 1992;

MOLCHAN and KEILIS-BOROK, 2008). In order to con-

struct the error diagram the miss and alarm rates

m ¼ c

aþ c
¼ 1� H; s ¼ aþ b

aþ bþ cþ d
ð4Þ

are introduced. The sum of the hit rate and miss rate

is unity, i.e. H ? m = 1. The alarm rate s is the

fraction of all cells that are alarm cells and defines the

probability of a forecast of occurrence in weather

forecast verification (MASON, 2003). The parametric

plot of m and s for a range of threshold parameters

B/Bmax is known as an error diagram. The error

diagram for the above example is given in Fig. 2b.

An analog of the Pierce’s skill score for the error

diagram is

SSED ¼ 1� m� s ¼ ad � bc

ðaþ cÞðaþ bþ cþ dÞ: ð5Þ

From the analysis of the error diagram curve the

maximum value of this skill score is SSmax
ED ¼ 1�

0:324� 0:262 ¼ 0:414 corresponding to the thresh-

old value B/Bmax = 0.0417. It is worthwhile to note

Table 1

Contingency table for earthquakes with mT C 7.2 that occurred

during the forecast period Tf = 1/1/2004 to Te = 1/1/2008

(DTfor = 4 years)

Forecast Observed

Yes No Total

Yes a = 23 b = 371 a ? b = 394

No c = 11 d = 1098 c ? d = 1109

Total a ? c = 34 b ? d = 1469 a ? b ? c ? d = 1503

746 R. Shcherbakov et al. Pure Appl. Geophys.



that the threshold values corresponding to the maxi-

mum values of the skill scores for both ROC and

error diagrams are the same. This is due to the fact

that the values of F and s are very close to each other

for corresponding threshold values as they are both

dominated by large b ? d values compared to small

a ? c. As a result the error diagram curve is almost a

mirror image of the ROC curve due to the fact that

m = 1 - H. In general this is not always the case.

In the above analysis we have used a uniform

prior distribution for the seismically active cells and

assumed a null hypothesis where alarm cells are

redistributed randomly. To reject this null hypothesis

in favor of the method presented here we have also
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Figure 2
a The ROC diagram for our forecast of global seismicity. b The error diagram for our forecast. Also included the results of 150,300 Monte-

Carlo simulations (shaded area) in which alarm cells have been redistributed randomly and the corresponding confidence intervals

(a) (b)

Figure 3
a Pierce’s skill scores PSSROC from the ROC diagram given in Fig. 2a as a function of the threshold values of the normalized cumulative

Benioff strain B/Bmax. The maximum value of the Pierce’s skill score is PSSmax
ROC ¼ 0:424 corresponding to the threshold value

B/Bmax = 0.042. b Dependence of the area under ROC diagram on different cell sizes
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included in Fig. 2a and b the results of 150,300

Monte-Carlo simulations in which alarm cells have

been redistributed randomly and the same target

earthquakes were used to construct ROC and error

diagrams. The confidence intervals were evaluated

using the exact analytical result for the binomial

distribution given in ZECHAR and JORDAN (2008).

4. Discussion

The primary purpose of this paper is to quantify

the extent to which locations of past smaller earth-

quakes can be used to forecast the locations of future

large earthquakes. Our study has been carried out

globally. The surface of the Earth has been divided

into a grid of l� 9 l� cells with l = 2�. The objective

is to forecast the locations of future large target

earthquakes with magnitudes greater than mT based

on the past seismicity. Another important aspect of

this work is to introduce different optimization pro-

cedures to find the best forecast and optimal values

for model parameters. It is also important to note that

in the presented analysis the measure of seismicity

based on cumulative Benioff strain does not perform

better than the predictor based on a long-run rate of

occurrence of earthquakes.

The sensitivity of the method to the model

parameters is an important issue. The cell size l = 2�
has been chosen based on the analysis of the areas

under the ROC curves constructed for different

cell sizes and different forecasting magnitudes. The

analysis shows that the areas tend to increase (better

forecast) with increasing cell sizes (Fig. 3b). Bigger

cell sizes cover a larger Earth’s surface and increase

the total success rate. However, bigger cell sizes are

less practical in forecasting as they include larger

geographical regions and decrease the value of the

forecast. In this analysis we assume all earthquakes

are point events. Cell size can be an important factor

if forecast earthquakes are defined through their

rupture areas which can span several cell sizes.

Other important parameters are the durations of

the training and forecasting intervals and the lower

magnitude cutoff. The analysis of the areas under the

ROC curves shows that increasing the training time

interval (DTtr) usually improves the forecast. As to

the forecasting time interval (DTfor) changes in the

duration of the interval result in different numbers for

forecasting earthquakes which, as was shown by

ZECHAR AND JORDAN (2008), affects the ROC and error

diagrams. To investigate the performance of the

method for different forecasting time intervals a

contour plot of the values of the areas between the

ROC curve and 95% confidence interval for different

forecasting years, Tf, and base years, Tb, is given in

Fig. 4. Darker areas indicate a better performance

with respect to the 95% confidence interval of the

random forecast. It shows a prominent increase in the

values for intervals less than 4 years and another

increase for 15-year interval. This was a reason to use

a 4-year forecasting interval in our analysis.

Finally, the dependence of the method on the

lower magnitude cutoff, mc, shows a strong trend in

the performance increase of the method with

decreasing mc. However, the completeness of the

catalog prevents the use of events smaller than

m \ 5.5. The full analysis of the dependence of the

method on the above parameters will be presented

elsewhere. By varying the threshold B/Bmax the

method generates a spectrum of forecasts. The use of

the Pierce’s skill score is probably the most accepted

optimization tool, but several others have been pro-

posed (MASON, 2003; HARTE AND VERE-JONES, 2005).

An actual optimization should also be based on other

Figure 4
A contour plot of the values of the areas between the ROC curve

and the 95% confidence interval for the random forecast for

different forecasting (Tf) and base (Tb) years

748 R. Shcherbakov et al. Pure Appl. Geophys.



factors such as available resources, population den-

sities, quality of construction, and other risk factors.

Acknowledgments

This work has been supported by NSERC Discovery

grant (RS), by NSF grant ATM-0327558 (DLT), by

NASA grant NGT5 (JRH), by a US Department of

Energy grant to UC Davis DEFG03-14499 (JRH,

JBR), and by the NSERC and Benfield/ICLR Chair in

Earthquake Hazard Assessment (KFT).

Open Access This article is distributed under the terms of the

Creative Commons Attribution Noncommercial License which

permits any noncommercial use, distribution, and reproduction in

any medium, provided the original author(s) and source are

credited.

REFERENCES

FIELD, E.H. (2007), Overview of the working group for the devel-

opment of Regional Earthquake Likelihood Models (RELM),

Seismol. Res. Lett. 78, 7–16.

FRANKEL, A., MUELLER, C., BARNHARD, T., PERKINS, D., LEYENDECKER,

E., DICKMAN, N., HANSON, S., and HOPPER, M. (1996), National

seismic-hazard maps, Tech. Rep. Open-File Report 96–532,

USGS.

HARTE, D. and VERE-JONES, D. (2005), The entropy score and its

uses in earthquake forecasting, Pure Appl. Geophys. 162, 1229–

1253.

HOLLIDAY, J.R., NANJO, K.Z., TIAMPO, K.F., RUNDLE, J.B., and

TURCOTTE, D.L. (2005), Earthquake forecasting and its verifica-

tion, Nonlinear Proc. Geophys. 12, 965–977.

KAGAN, Y.Y. (2007), On earthquake predictability measurement:

Information score and error diagram, Pure Appl. Geophys. 164,

1947–1962.

KOSSOBOKOV, V.G., KEILIS-BOROK, V.I., TURCOTTE, D.L., and

MALAMUD, B.D. (2000), Implications of a statistical physics

approach for earthquake hazard assessment and forecasting,

Pure Appl. Geophys. 157, 2323–2349.

KOSSOBOKOV, V.G. and SHEBALIN, P., Earthquake prediction. In

Nonlinear Dynamics of the Lithosphere and Earthquake Pre-

diction (eds. KEILIS-BOROK, V.I., AND SOLOVIEV, A.A.) (Springer-

Verlag, Berlin 2003), pp. 141–207.

MASON, I.B., Binary events. In Forecast Verification (eds. JOLLIFFE,

I.T. and STEPHENSON, D.B.) (Wiley, Chichester 2003), pp. 37–76.

MINSTER, J.-B. and WILLIAMS, N., Systematic global testing of

intermediate-term earthquake prediction algorithm. In 1-st ACES

Workshop Proceedings (ed. MORA, P.) (GOPRINT, Brisbane

1999).

MOLCHAN, G. and KEILIS-BOROK, V. (2008), Earthquake prediction:

Probabilistic aspect, Geophys. J. Int. 173, 1012–1017.

MOLCHAN, G.M. (1991), Structure of optimal strategies in earth-

quake prediction, Tectonophysics 193, 267–276.

MOLCHAN, G.M. and KAGAN, Y.Y. (1992), Earthquake prediction

and its optimization, J. Geophys. Res. 97, 4823–4838.

SCHORLEMMER, D., GERSTENBERGER, M.C., WIEMER, S., JACKSON,

D.D., and RHOADES, D.A. (2007), Earthquake likelihood model

testing, Seismol. Res. Lett. 78, 17–29.

ZALIAPIN, I., KEILIS-BOROK, V., and GHIL, M. (2003), A Boolean

delay equation model of colliding cascades. Part II: Prediction

of critical transitions, J. Stat. Phys. 111, 839–861.

ZECHAR, J.D. and JORDAN, T.H. (2008), Testing alarm-based

earthquake predictions, Geophys. J. Int. 172, 715–724.

(Received September 12, 2008, revised November 1, 2008, accepted March 6, 2009, Published online February 27, 2010)

Vol. 167, (2010) Forecasting the Locations of Large Earthquakes 749


	Forecasting the Locations of Future Large Earthquakes: An Analysis and Verification
	Abstract
	Introduction
	Relative Intensity of Global Seismicity
	Forecast Verification
	Discussion
	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


