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ABSTRACT

Hierarchical time-series comprises of several dataset maintaining certain hierarchical relationship among them.
There are certain specialized strategies, viz. top-down, bottom-up, middle-out and optimal approaches which take
care of predicting future values for such multi-level data. For forecasting of individual series at different levels of
hierarchy, a method of aggregation or disaggregation is followed. In the present study, these methodologies are
investigated thoroughly. Further, state-wise seasonal sorghum [Sorghum bicolor (L.) moench] production data of
India is analyzed by employing the hierarchical forecasting approaches. A comparative study on performance of
different methods is carried out from the viewpoint of multi-step-ahead forecasts on the basis of Mean absolute error
(MAE) and Root mean square error (RMSE). The findings show that the middle-out technique outperforms other
approaches and traditional method of forecasting as well. This fact has been confirmed statistically by using pair-wise
t-test. Finally, using the middle-out approach, forecasts of sorghum production for 2015 till 2017 have been carried out
at all hierarchical levels. For statistical analysis, R software package has been employed.

Key words: Bottom-up, Forecasting, Hierarchical time-series, Middle-out, Sorghum Production,
Top-down

Time series forecasting is an important statistical
analysis technique used as a basis for manual and automatic
planning in many application domains (Gooijer and
Hyndman 2006). Forecasts are calculated using mathematical
models that capture a parameterized relationship between
past and future values to express behavior and characteristics
of a historic time series. The parameters of these forecast
models are estimated on a training data set to fit the specifics
of the time series by minimizing the forecast error. Time-
series data collected in many situations are hierarchical in
structure. These dataset generally contain information in
clusters which can be combined into another series of interest.
Here, the time series are aggregated along the hierarchy
based on dimensional attributes such as location (Hyndman
et al. 2011). Thus, a hierarchical time-series is a collection
of several time-series data that are correlated in a hierarchical
manner. By contrast, a collection of time-series that are
aggregated in a number of non-hierarchical ways, are called
a grouped time-series.

In other words, the order by which the series can be
grouped is not unique. Forecasting in these environments is
especially complex since, it is necessary to involve data and
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entities across hierarchical levels and to ensure forecasting
consistency among them. This has been the subject of
increasing attention recently (Moon et al. 2012;
Athanasopoulos et al. 2009) and has application in
diverse fields.

In agriculture, forecasting of crop production is of
utmost importance from the view point of policy making.
Sorghum [Sorghum bicolor (L.) Moench] is the fifth most
important cereal crop and is the dietary staple of more than
500 million people in 30 countries. India shares around
20% of the world’s sorghum area and is the fourth largest
producer of this cereal crop. The cultivation area of sorghum
in India was more than 16 million ha in 1981, but has
gradually decreased to 6.3 million ha in 2012. Production of
this cereal has also faced a decline from 12 million tonnes
to 6 million tonnes during this period. Unfortunately, yield
of sorghum, on the contrary, has climbed up from 7.3 tonnes/
ha to only 9.5 tonnes/ha in the same tenure. However, this
crop has much growing potentiality as it is one among the
few resilient crops that can adapt well to future climate
change conditions, particularly the increasing drought, soil
salinity and high temperatures. Thus, to the policy makers,
forecasting of sorghum production in this country is certainly
a matter of key concern in formulating strategies to enhance
the situation. In India, this crop grows in the rainy (kharif)
as well as in the post rainy (rabi) season. Forecasting of
seasonal sorghum production can incorporate added visibility
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in overall future prediction. This can be well achieved using
the hierarchical forecasting technique. By employing this
approach, it is also possible to obtain seasonal forecasts for
individual state. This would help policy makers to plan
more specifically at the regional level as well.

Existing approaches to hierarchical time-series
forecasting usually involve either a top-down method or a
bottom-up method or a combination of both methods, viz.
middle-out approach. The top-down approach at first
provides forecasting for the aggregated series at the topmost
level of the hierarchy, then disaggregating the forecasts in
the lower levels based on historical or forecast properties.
The bottom-up method follows the reverse approach, i.e.
forecasting each of the most disaggregated series at the
lowest level of the hierarchy and then using aggregation to
obtain the forecasts at higher levels of the hierarchy. Middle-
out approach starts forecasting at an intermediate level of
the hierarchy selected by the user and then following bottom-
up approach for the upper level forecasting and top-down
approach for the lower level forecasting. Hyndman et al.
(2011) proposed a statistical method for optimal hierarchical
forecasting as well. In the present investigation, an attempt
was made to apply hierarchical forecasting approaches and
to select the best approach suitable for forecasting sorghum
production at different levels.

MATERIALS AND METHODS

Fig 1 illustrates a hierarchical structure with H = 2
level hierarchy. Level 0 is the Total series which is completely
aggregated. Level 1 stands for the first level of
disaggregation, and so on down to the bottom level H,
which consists of the most disaggregated series. Let Y, be
the " observation (¢ = 1,2,....n) of Y, series which
corresponds to node J on the hierarchical arrangement. As
in Fig 1, a sequence of letters is used to represent the
individual nodes. For example,Yp, symbolizes the rth
observation of the series corresponding to node B at level 1,
Y¢4,,stands for the 7th observation of the series corresponding
to node CA at level 2, and so on. Thus an individual node
is represented by the actual letter sequence and the length of
the letter sequence refers to the level. Y, denotes the b
observation for the total aggregate level. Let /;represent the
total number of series for level iand [ = [, + [; +.... + Iy
denotes the total number of series in the hierarchy. In this
case,=/=1+3+9=13.

Fig 1 A two level hierarchical tree diagram
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Table 1 Hierarchical structure of sorghum production data
Level Total series per level
India 1
Season 2
States and Union Territories 19

For more details on this structure refer to Table 2.

In the present paper, hierarchical time-series data of
sorghum production (in 000 tonnes) in India is studied. The
structure of the hierarchy is presented in Table 1. The year-
wise all India production data of sorghum is collected from
Directorate of Economics and Statistics, Department of
Agriculture and Cooperation, Government of India. The
time-series data of state-wise seasonal (i.e. kharif'and rabi)
production of sorghum starting from 1963 till 2012 is
collected from the website www.indiastat.com.

A number of methods are available for hierarchical
forecasting. In general, let vector Y;, contain all the
observations in level i at time 7. Then all the observations of
all series at time ¢ can be represented as
Y =Y Y, Y’y ). It can be written that

Y, =SY g, (1)

where S is a summing matrix of order / X [ that represents
how the bottom level series are aggregated. The hierarchy
of Fig 1 can be expressed as

Y] orror o111 1Y
Y,, 1 1.0 0 00 0 0,
Y,, 001 1 00 0 0Ye,
Y, 000 0 1 1 1 1Y,
YAA,[ = YBB,[
Yie. Yeau
: I9 YCB,[
Yee, Yeeu

(13x1) (13%9) (9x1)

where /,, denotes an identity matrix of order m x m
(m = lp).

In hierarchical forecasting, for each individual series,
Y), h-step-ahead forecasts are denoted by ¥, (h). The
h-step-ahead base forecasts for the whole hierarchy are
represented by the vector Y, (h) which contains the entire
base forecasts stacked in the same order as Y,. Using the
above notation, all existing hierarchical methods, due to
Athanasopoulos et al. (2009), can be represented by the
general form

Y.(h) = SPY,(h) 2)

where S'is the [ % [;; order summing matrix and P is a matrix
of order /;; x I. Depending on the hierarchical approach,
role of P differs. Thus, linearly combining the independent
base forecasts ¥ ,(h), the final revised forecasts Ii,(h) canbe
produced by any hierarchical forecasting approach.
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Under assumption that the base (independent) forecasts
are unbiased, it can be written that

E[Y,(h)] = E[Y,(h)]. 3)

The necessary condition for the revised hierarchical
forecasts to be unbiased is:

E[Y,(W)] = E[Y,(W)] = SE[Yy;,(h)]. “4)

If B,(h) = E[Yy 4| Y;,...... Y, ] represents the mean of
the forecast values of the bottom level H, then

E[T,(h)] = SPE[Y,(h)] = SPSP,(h). 5)

Therefore, the unbiasedness of the revised forecast will
hold if and only if the following condition is satisfied:
SPS = S. (6)

Bottom-up approach

A frequently applied method for hierarchical forecasting
is the bottom-up approach (Dangerfield and Morris 1992,
Zellner and Tobias 2000, Espasa et al. 2002). This can be
represented by the general form of eq. (2), due to
Athanasopoulos et al. (2009):

P=/0, xI-1,I ]. 7
[IH il lH] @)

where 0; j is the i x j null matrix, Here, P matrix extracts
only bottom-level forecasts from Y, (5). These bottom-level
forecasts are then aggregated by the summation matrix S to
produce the revised forecasts for the whole hierarchy. By
using this approach, the property of unbiasedness in (6) is
satisfied. In case of bottom-up approach, the revised forecasts
for the bottom level series are equal to the base forecasts.

Top-down approach

Another commonly applied method in hierarchical
forecasting is the top-down approach (Narasimhan et al.
1994, Fliedner 1999, Dekker et al. 2004, Zotteri et al. 2005,
Widiarta et al. 2007). This approach involves first generating
base forecasts for the Total series on the top of the hierarchy
and then disaggregating these downwards based on the
proportions of the data. Once the bottom level forecasts
have been generated, the summing matrix S can be used to
generate forecasts for the rest of the series in the hierarchy.
It is evident that for top-down approaches the top level
revised forecasts are equal to the top level base forecasts. In
terms of the general form of eq. (2), due to Athanasopoulos
et al. (2009), it can be written that

P = [P|01Hx(171)/- (®)
where p = [pps....0; H] "are a set of proportions for the
bottom level series. So, the role of P here is to distribute the
top level forecasts for forecasting the bottom level series.

Middle-out approach

In this approach, forecasts are produced at an
intermediate level of hierarchy, and then disaggregated to
obtain forecasts at lower levels and aggregated for higher
level forecasts. Thus, the middle-out approach is a
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combination of bottom-up and top-down approaches. In
practice, production houses apply this method to study
demand forecasting (Lo et al. 2008). At first, base forecasts
are produced for all the series of the selected middle level.
Then, for the series above the middle level, revised forecasts
are constructed using the bottom-up approach by aggregating
the middle-level base forecasts upwards. For the series
below the middle level, revised forecasts are generated
using a top-down approach by disaggregating the middle
level base forecasts downwards.

Optimal combination approach

The optimal combination approach due to
Hyndman et al. (2011), involves first generating independent
base forecast for each series in the hierarchy and, provided
the base forecasts are unbiased, produces unbiased revised
forecasts which are consistent across the levels of the
hierarchy. The A-step-ahead base forecasts can be written
by the linear regression model as

Y, (h) =SB, + ¢, ©)

where B, = Eﬂ?Hn (h)|Y,,.....Y,) is the unknown mean of
the base forecasts of the bottom level /7 and &, and has zero
mean and covariance matrix Var[g,] = X, Provided the ¥,
is known, the generalised least squares estimation procedure
can be used to obtain the minimum variance unbiased
estimate of fB,,. This can be written as

B.(h) = (S'Z*, 8)-| S'EHYn (h) (10)

where X,,f is the Moore-Penrose generalized inverse of X,
This leads to the following revised forecasts

¥,(h) =SB, (W) = SPY,(h) (in

where P = ($'X*,S)~! S'2,\. This fulfils the unbiasedness
property of (6).

RESULTS AND DISCUSSION

For hierarchical time-series data under this study,
modeling and forecasting have been done using Ats package
(Hyndman ef al. 2013) in R software. Fig 2 and 3 illustrate
the time-series data of sorghum production across all
hierarchical levels. The bottom-most level, i.e. level 2
exhibits time-series of seasonal sorghum production for
each of the states, however, for clarity, (seasonal) production
of some of the major growing states are only illustrated in
Fig 3. Level 1 shows production of sorghum in kharif and
rabi seasons separately in India. Time-series of total sorghum
production in India is displayed in level 0. For each of the
graphical representation, Y-axis represents production in
’000 tonnes and x-axis indicates the time period (year).

An optimal Autoregressive integrated moving average
(ARIMA) model (Box et al. 2007) using the automatic
algorithm of Hyndman and Khandakar (2008) has been
employed for each series. The parameters of the model are
re-estimated using a moving window beginning with the
model fitted using the first 44 (1963-2006) observations.
Forecasts from the fitted model are produced for up to 6
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Fig 2 Hierarchical time-series of sorghum production at level 0
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Fig 3 Hierarchical time-series of sorghum production at level 2
for selective states

steps ahead. This process is iterated, increasing the sample
size by one observation until 2011 and thus produces 6 one-
step-ahead, 5 two-step-ahead, and up to 1 six-step-ahead
forecast. This rolling window approach is applied to evaluate
the out-of-sample forecast performance of the hierarchical
methods under consideration. Independent forecasting using
ARIMA has also been included for each time-series
separately for comparison purpose.

Using eq. (12) and (13), MAE and RMSE are obtained
by employing different approaches for each forecast horizon
(h) and presented in Table 3 and 4. In Table 3, for a
particular h, under any approach, each MAE value is the
average of total MAE of all the series. The same is applied
for Table 4 also. The level for middle-out method has been
set here as 1.

MAE =1/h¥%_ Wi = Dol (12)
RMSE = [1/h Zhy {(y; + ;= ¥+ )2 ]V2 (13)

For each method, the final columns of Table 3 and 4
labeled “Average” show average MAE and RMSE,
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respectively, across all the forecast horizons. The bold entries
identify the minimum among all the average values. It is
evident from the above two tables that middle-out method
produces best out-of-sample forecasts followed by top-down
approach.

Pairwise t-tests have also been performed between each
pair of methods to examine whether differences in the MAE
(or RMSE) values are statistically significant. In case of
MAE, pairwise t-values between each pair of last 3
methods, viz. middle-out, optimal and independent are
statistically significant. Thus, employing the same ARIMA
methodology, middle-out hierarchical forecasting approach
can significantly perform better than the optimal and
independent methods. However, for RMSE, instead of the
minimum average value produced in case of middle-out
approach, none of the #-values are statistically significant.
As the middle-out method outperforms other methods for
this particular dataset, the final forecasting of sorghum
production for the year 2015 till 2017 has been produced
by using this approach. Table 5 depicts the forecasted values
for all the series at each level. It has been observed that
forecasts obtained at bottom level for kharif sorghum
production in most of the states and India (level 1) as well

Table 2  Hierarchical structure

Top level
1 Total India
Level 1: Season
2 A Kharif
3 B Rabi
Level 2: State/Union territory
4 AA Kharif-Andhra Pradesh
5 AB Kharif-Bihar*
6 AC Kharif-Gujrat
7 AD Kharif-Haryana
8 AE Kharif-Karnataka
9 AF Kharif-Madhya Pradesh**
10 AG Kharif-Maharashtra
11 AH Kharif-Orrisa
12 Al Kharif-Rajasthan
13 Al Kharif-Tamil Nadu
14 AK Kharif-Uttar Pradesh
15 AL Kharif-Delhi
16 AM Kharif-Others***
17 BA Rabi-Andhra Pradesh
18 BB Rabi-Gujrat
19 BC Rabi-Karnataka
20 BD Rabi-Madhya Pradesh
21 BE Rabi-Maharashtra
22 BF Rabi-Tamil Nadu

* (including Jharkhand), ** (including Chhattisgarh), ***
(Comprising of Dadra and Nagar Haveli, Jammu and Kashmir,
Kerala, Nagaland, Puducherry, Punjab and West Bengal whose
contributions are either nil in some of the years or insignificant
compared to total sorghum production of India).
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Table 3 MAE for each forecast horizon

Methods MAE

Forecast horizon (h)
1 2 3 4 5 6

Average

Bottom-up 186.74 144.96 136.48 150.63 154.82 157.85 155.25
Top-down 151.36 96.74 133.38 178.00 152.27 153.77 144.25
Middle-out 113.29 105.23 110.16 156.83 151.92 155.11 132.09
Optimal ~ 167.80 124.03 131.87 169.95 157.26 158.10 151.50
Independent160.27 124.88 125.90 162.67 151.94 154.25 146.65

Table 4 RMSE for each forecast horizon

Methods MAE

Forecast horizon (h)
1 2 3 4 5 6

Average

Bottom-up 186.74 166.83 175.04 174.31 174.37 179.70 176.17
Top-down 151.36 121.86 158.09 194.73 172.45 176.25 162.46
Middle-out 113.29 114.15 126.36 175.09 170.28 177.46 146.10
Optimal  167.80 145.94 167.40 189.35 177.08 181.40 171.49
Independent160.27 144.12 155.18 182.67 177.08 178.16 166.25

are declining gradually as the year progresses. However,
this is not applicable in case of state-wise production in
rabi season as the forecasted values are fluctuating for the
coming years. A similar situation has also been observed
for overall sorghum production of India in rabi season at
first level of hierarchy and total national production at
topmost level as well.

Fig 4 and 5 illustrate forecasting of sorghum production
across all hierarchical levels for each series by using middle-
out approach.

The bottom-most level, i.e. level 2 exhibits, through
dotted lines, forecast value of seasonal sorghum production
for each of the states, however, for clarity of graphical
representation, only few of those are labeled. Level 1 shows
forecasted production of sorghum in kharif'and rabi seasons
separately for India. Predicted future values of total sorghum

I I I I I I I
2004 2006 2008 2010 2012 2014 2016

Fig 5 Hierarchical forecasting of sorghum production at level 2

Table 5 Forecasting of sorghum production at all levels for 2015-

2017
Level 2015 2016 2017
Top level
1Total 6188.44 6257.35 6124.05
Level 1
2 A 3051.93 2991.52 2931.12
3 B 3136.51 3265.82 3192.93
Level 2
4 AA 119.50 108.39 97.28
5 AB 2.94 2.88 2.87
6 AC 80.28 76.38 72.49
7 AD 30.33 29.98 29.63
8 AE 293.89 284.73 275.60
9 AF 532.25 512.66 493.13
10 AG 1338.82 1334.01 1329.40
11 AH 5.53 5.52 5.52
12 Al 326.72 326.90 327.13
13 Al 132.90 127.80 122.40
14 AK 182.14 175.42 168.72
15 AL 3.33 3.31 3.30
16 AM 3.30 3.53 3.65
17 BA 215.04 210.49 194.35
18 BB 51.41 50.34 46.50
19 BC 1100.41 1131.02 1098.46
20 BD 2.72 2.45 2.05
21 BE 1681.28 1780.05 1766.38
22 BF 85.65 91.46 85.18

production in India are displayed in level 0. For each of the
graphical representation, y-axis represents production in
’000 tonne.

In this paper, a new forecasting strategy has been
discussed for hierarchical time-series. State-wise seasonal
sorghum production data from 1963 till 2012 form the
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lowest level of the hierarchy under study. The hierarchical
forecasting approaches, viz. top-down, bottom-up, middle-
out and optimal are used to examine the out-of sample
forecasting performance for individual method. A traditional
forecasting approach has also been employed for each series
independently. It has been observed that the middle-out
method outperforms the conventional approach of
forecasting for the particular dataset and the result is
confirmed using the pairwise z-test. Finally, the forecasting
is made for sorghum production from 2015 till 2017 at all
levels of hierarchy i.e. state-wise seasonal, seasonal nation
wise and for the whole country. A decreasing future trend of
sorghum production in kharif season has been observed for
most of the growing states. This is affecting the production
of sorghum at national level as well. This result confirms the
scenario of decreasing area and production of this crop at a
much faster rate than the increasing productivity in Indian
context. This may be a matter of concern for the policy
makers of our country. Finally, the approaches advocated
here are very general and can be used for forecasting of
hierarchical time series data of any crop as well.

REFERENCES

Athanasopoulos G, Ahmed R A and Hyndman R J. 2009.
Hierarchical forecasts for Australian domestic tourism.
International Journal of Forecasting 25(1): 146—66.

Box G E P, Jenkins G M and Reinsel G C. 2007. Time-Series
Analysis: Forecasting and Control, 3rd edition. Pearson
Education, India.

Dangerfield B J and Morris J S. 1992. Top-down or bottom-up:
Aggregate versus disaggregate extrapolations. International
Journal of Forecasting 8(2): 233—41.

Dekker M, Donselaar K V and Ouwehand P. 2004. How to use
aggregation and combined forecasting to improve seasonal
demand forecasts. International Journal of Production
Economics 90(2): 151-67.

Espasa A, Senra E and Albacete R. 2002. Forecasting inflation in
the European Monetary Union: A disaggregated approach by

[Indian Journal of Agricultural Sciences 86 (6)

countries and by sectors. European Journal of Finance
8(4): 402-21.

Fliedner G. 1999. An investigation of aggregate variable time-
series forecast strategies with specific subaggregate time-series
statistical correlation. Computers and Operations Research
26(10-11): 1133-49.

Gross C and Sohl J. 1990. Disaggregation methods to expedite
product line forecasting. Journal of Forecasting 9(3): 233-54.

Gooijer ] G D and Hyndman R J. 2006. 25 years of time series
forecasting. [International Journal of Forecasting
22(3): 443-73.

Hyndman R J, Ahmed R A, Athanasopoulos G and Shang H L.
2011. Optimal combination forecasts for hierarchical time-
series. Computational Statistics and Data Analysis
55(9): 2 579-89.

Hyndman R J, Ahmed R A and Shang H L. 2013. hts: Hierarchical
and grouped time-series. R package version 4.3,
URL http://CRAN.R-project.org/package=hts.

Hyndman R J and Khandakar Y. 2008. Automatic time-series
forecasting: The forecast package for R. Journal of Statistical
Software 27(3): 1-22.

Lo S, Wang F and Lin J T. 2008. Forecasting for the LCD monitor
market. Journal of Forecasting 27(4): 341-56.

Moon S, Hicks C and Simpson A. 2012. The development of a
hierarchical forecasting method for predicting spare parts
demand in the South Korean Navy-A case study. International
Journal of Production Economics 140(2): 794-802.

Narasimhan S L, McLeavey D W and Billington P. 1994.
Production Planning and Inventory Control, 2"dEdn. Allyn &
Bacon, USA.

Widiarta H, Viswanathan S and Piplani R. 2007. On the
effectiveness of top-down approach for forecasting
autoregressive demands. Naval Research Logistics
54(2): 176-88.

Zellner A and Tobias J. 2000. A note on aggregation, disaggregation
and forecasting performance. Journal of Forecasting
19(5): 457-65.

Zotteri G, Kalchschmidt M and Caniato F. 2005. The impact of
aggregation level on forecasting performance. International
Journal of Production Economics 93-94: 479-91.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


