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Chapter Four

Data and Methodology

4.1 Introduction

A reference cycle of the pharmaceutical industry will be determined first. Next, the selection of a list of potential leading indicators will be carried out. Their cyclical values will be obtained using a time series decomposition method.

These cycles will be compared to the reference cycle to determine their leading characteristics. Those that do not meet the criteria for leading indicator will be discarded, leaving the better leading indicators to form a leading diffusion index (LDI) and a leading composite index (LCI). The indices will be evaluated and the best index will be chosen in forecasting the next turning point of the industry.

4.2 Data Series

The data series used are obtained through the Time Series Retrieval and Dissemination System (TRENDS). Quarterly series supplied through TRENDS from the EDB are primarily examined in this study. The use of quarterly data over annual data will allow more detailed examination of the cyclical fluctuations. 

The quarterly series for pharmaceuticals production, which is intended to be the reference series, was unavailable from TRENDS.  Although it is possible to convert monthly series to quarterly series, the monthly production index of pharmaceuticals (MPIP) started only in 1996. The SAS X11 programme, which will be used later, requires at least 20 quarters of data for analysis. Hence MPIP alone is not long enough for a reference series. Nevertheless, MPIP, being a valuable continuous series, is converted to a quarterly series and complemented with the quarterly series of another industrial group: Paints, Pharmaceuticals and other Chemical products (PPNC).

As mentioned earlier in Chapter One, the industrial group of PPNC included the pharmaceuticals industry during the earlier years when it was just a budding industry. It may be assumed that the data series of PPNC production might be a good proxy for the pharmaceuticals industry during its earlier years of development. The quarterly series of PPNC output value (QPPNC) started from 1983Q1 but was discontinued after 1996Q4. It is used as a proxy for the earlier quarterly data that MPIP lacks. The two series are combined into a single quarterly reference series, REF, by splicing. In this way, the reference series REF can be updated with the existing pharmaceuticals series and yet reflect earlier production stretching back to 1983Q1 through the use of the proxy QPPNC.  

To confirm the adequacy of the proxy, annual output values can be compared between PPNC and the pharmaceuticals industry. The proxy of PPNC was chosen based on a simplistic method of comparing “1st differencing” between two available annual data series: The annual output values for pharmaceutical products (AOP) were available from 1972 and discontinued in 1997. The annual production data series of Paints, Pharmaceuticals and other Chemical products (APPNC) started in 1972 and was discontinued in 1994.  The “1st differencing” method simply shows the changes in values from one year to another, hence negative values may occur. From Figure 4.1, very similar patterns of changes are observed for APPNC and AOP. This confirms the assumption that the pharmaceutical production was a vital component in the total PPNC production. Hence PPNC production will make a good proxy for the pharmaceuticals production before the availability of the MPIP series in 1996.  

[image: image2.wmf]0

10

20

30

40

50

60

70

80

90

100

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

Years

Production Index (base year 1999) 

Chemicals

Pharmaceuticals

Figure 4.1 Comparison of 1st Differencing on Annual Data: APPNC and AOP

For the potential leading indicators, those that are monthly series are converted to quarterly. They are selected based on their economic rationale. Table 4.1 lists the series considered. Out of these 34 series, apart from the reference series REF, 4 are used in the substantiation and construction of the reference series, the rest of the 29 series are potential leading indicators.

Table 4.1 Time Series Considered

	Time Series
	Variable
	Source
	Period
	Unit
	Rationale

	Industrial Production – Output by Major Group, Annual:- Paints, Pharmaceuticals & Other Chemical Products, (Discontinued)
	APPNC
	EDB
	1972-1994
	$thousand
	To show that PPNC series is a good proxy

	Value of Output of Selected Manufactured Products, Annual:- Pharmaceutical Products, (Discontinued)
	AOP
	EDB
	1972-1997
	$million
	To show that PPNC series is a good proxy

	Quarterly Production Index of Paints, Pharmaceuticals & Other Chemical Products 
	QPPNC
	EDB
	1983Q1-1996Q4
	Index (1992=100)
	As a proxy for data before 1996Q2

	Monthly Production Index of Pharmaceuticals
	MPIP
	EDB
	1996M3-2000M11
	Index (1999=100)
	To form the reference series

	Combined Series from PPNC and MPIP
	REF
	-
	1983Q1-2000Q3
	Index (1999=100)
	Used as the reference series

	Potential Leading Indicators

	Time Series
	Variable
	Source
	Period
	Unit
	Rationale

	GDP: Private Consumption Expenditure
	GPCE
	DOS
	1975Q1-2000Q3
	$million, at 1990 market prices
	Market Expectation

	GDP by Industry, Quarterly:- Total
	GTOT
	DOS
	1975Q1-2000Q3
	$million, at 1990 market prices
	Prime Mover

	GDP by Industry, Quarterly:- Manufacturing
	GMFG
	DOS
	1975Q1-2000Q3
	$million, at 1990 market prices
	Prime Mover

	GDP by Industry, Quarterly:- Taxes & Duties on Imports
	GTAX
	DOS
	1975Q1-2000Q3
	$million, at 1990 market prices
	Prime Mover

	Monthly Export Price Index of Medicinal & Pharmaceutical Products 
	EPI
	DOS
	1978Jan-2000Oct
	Index (1995=100)
	Market Expectation

	Monthly Consumer Price Index for Health
	CPIH
	DOS
	1961Jan-2000Aug
	Index (1998=100)
	Market Expectation

	Production Index of Chemicals and Chemical products
	PIC
	EDB
	1983Q1-2000Q3
	Index (1999=100)
	Early Stage Indicator

	Quarterly Business Expectations (QBE)

	Manufacturing Sector – Investment on Plant & Machinery (Forecast for Next 12 Months)
	MINV
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	QBE of Chemicals Industry Performance

	Overtime worked
	P-OT
	EDB
	1977Q1-2000Q3
	NB%
	Ease of Adaptation

	New Orders Received
	P-NOR
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Domestic Orders
	P-DO
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Export Orders
	P-EO
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Output
	P-O
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Delivery in Singapore
	P-DELS
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Delivery Overseas
	P-DELO
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Average Selling Price
	P-ASP
	EDB
	1977Q1-2000Q3
	NB%
	Market Expectation

	Stock: Raw Materials
	P-SRM
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Stock: Finished Goods
	P-SFG
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	QBE of Chemicals Industry Forecasts for Next Quarter (otherwise stated)

	General Business (next 6 months)
	F-GB
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Overtime worked 
	F-OT
	EDB
	1977Q1-2000Q3
	NB%
	Ease of Adaptation

	New Orders Received 
	F-NOR
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Time Series
	Variable
	Source
	Period
	Unit
	Rationale

	Domestic Orders 
	F-DO
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Export Orders 
	F-EO
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Output 
	F-O
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Delivery in Singapore
	F-DELS
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Delivery Overseas
	F-DELO
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Average Selling Price
	F-ASP
	EDB
	1977Q1-2000Q3
	NB%
	Market Expectation

	Stock: Raw Materials
	F-SRM
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator

	Stock: Finished Goods
	F-SFG
	EDB
	1977Q1-2000Q3
	NB%
	Early Stage Indicator


Note: GDP = Gross Domestic Product

          NB = Net Balances

Net balances are expectations data derived from surveys of business expectations. It measures the direction but not the magnitude of a change. For example, out of 200 firms surveyed, 160 firms (80%) reported an increase in output in the quarter compared to a year ago, 20 firms (10%) reported a decrease and 20 reported no change. Then the net balance will be (80% -10%) 70%. Business expectations are derived from business surveys conducted on the major firms. These are percentages that may include negative values. To enable decomposition, a hundred is added to each value to convert them to positive values.

4.2.1 GDP Components as Prime Movers

GDP components are chosen based on the rationale that they may represent the forces fundamentally responsible for short-run fluctuations. Such forces are labeled as prime movers. An analogy by De Leeuw (1989) is the prediction of the arrival time of a commuter based on the rewards or penalties of arriving early or late respectively. This method is more fundamental yet uncertain than predicting the arrival time based on the time the commuter leaves his house. Some of these components may appear to contain the rationale of market expectations. GDP: taxes and duties on imports may seem to be reflective of the import price of raw materials. It is however not a direct measurement of the latter and hence more of a prime mover.

4.2.2 Market Expectation

Export Price Index, Consumer Price Index for Health and Average Selling Price may reflect, or be sensitive to, anticipations about future economic activity of the industry. They are hence chosen in addition to the other business expectation series. Business expectations of the pharmaceuticals industry were too short in their period covered so those of the chemical industry were used. Although PPNC was a good proxy in forming the reference series, its discontinued data series are severely limited as indicators for forecasting purposes. The chemical industry has been chosen as it displays quite similar fluctuation patterns with the pharmaceuticals industry in terms of annual production indices. This is shown in Figure 4.2 below. More importantly, the chemical industry has continuous data that stretches far enough into the past.  
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Figure 4.2 Annual Industrial Production Indices: Chemicals and Pharmaceuticals

4.2.3 Early Stage Indicators

Such indicators might be expected to lead simply because it takes time between the decision to produce and actual production. Production of chemicals, investments on plants and machineries, orders and deliveries series are hence chosen for this study. A naïve assumption is made for “orders received”, that is, producers do not try to anticipate demand changes, but wait until orders arrive before commencing production. 

For deliveries, it is assumed that as the number of firms reporting higher deliveries increases, the speed of delivery declines. When business activities increase, firms are not likely to make deliveries as promptly as when business is poor. Hence delivery is seen as an indicator of improving business conditions.

4.2.4 Ease of Adaptation

Overtime worked is chosen based on the rationale of ease of adaptation. It is easier for firms to change this variable than to lay-off or hire workers, as it is less costly and easier in reversibility. In expectation of changes in economic activity, businesses would rather first consider changing such variables like overtime worked to buffer the change.

4.2.5 Forecasts as Indicators

Forecasts by businesses are included as they may be good indicators if they are accurate. By comparing actual performances to earlier forecasts, the accuracy of the forecasts can be easily assessed. The assessment of business forecast accuracy will be performed and presented in Chapter Five. 

4.3 Time Series Decomposition

The decomposition method is based on the notion that time series comprises four components: Trend (T) represents the long-term movement; Cycle (C) is the wave-like movement around the trend; Seasonal component (S) represents the repetitive short-term changes that occur within a year; Irregular component (I) represents non-repetitive and random movements.

The SAS X-11 Arima process is used to obtain TC series from the multiplicative model of the original time series, which is represented by Y=T.C.S.I. Using Excel, the TC series undergoes a centred 16-quarter moving average to remove the trend component. The rationale of using 16 quarters is based on a study that found the average duration of one business cycle in Singapore to be approximately 16 quarters (Chow, Lee, Hameed and Cheong, 1988).   

The X-11 Arima process can forecast backwards and forwards by eight quarters each. This avoids the loss of data points from the process of centred moving average. However, the X-11Arima process will only work if five predefined models are able to capture the pattern of the time series. These models are predefined by Statistics Canada and built into the X-11 Arima programme. In cases when Arima extrapolation is impossible, X11 process will be used instead. This will result in some data loss but the cycle series will still be long enough for reasonable comparison in identifying its dominant characteristic.   

After the cycle series are obtained, the peaks and troughs are identified by the following rules:

· A peak has occurred if it is followed by 2 consecutive periods of decline in cycle values.

· A trough has occurred if it is followed by 2 consecutive periods of growth in cycle values.

· A peak (trough) must be followed by a trough (peak) before the next peak (trough) occurs.

This process will be conducted on the reference series REF and all the potential leading indicators.

4.4 Leading Indicators

Not all the potential leading indicators will turn out to have dominant characteristics of leading indicators.  These indicators will be classified as leading, coincident or lagging indicators by comparing their cyclical values with that of REF. After this, the indicators with dominantly leading characteristics will be further filtered according to their leading performances. 

A turning point of peak or trough will be considered as leading if it occurs before that of the reference cycle by at least 2 quarters. It will be coincident if the turning point occurs together with or 1 quarter before or after that of the reference cycle. It will be a lagging turning point if it occurs at least 2 quarters after that of the reference cycle. It is a judgmental process to pair up the corresponding turning points, but discretion is taken to identify regular patterns if they exist.

A data series with more leading turning points than coincident or lagging will be a leading indicator, vice-versa for coincident and lagging indicators. Appendix B shows the cyclical values of the indicators and the identification of their corresponding turning points.

4.5 Leading Diffusion Index and Leading Composite Index

The identified leading indicators will be combined into overall indices. This reduces the risk of depending on a single indicator, as an indicator may fail to reflect the change in the reference series at some point in time. 

Two general types of indices, the leading diffusion index (LDI) and leading composite index (LCI), will be formed. To construct LDI, each seasonally adjusted value of an indicator is compared to a previous period, determined by its quarters of cycle dominance (QCD), to identify its direction of change. QCD and seasonally adjusted series are obtained with a SAS program from the original series.  Details of the programme can be obtained from a training kit, Composite Leading Index Training Programme (developed by Chow K.B. and Ong C.H, 1998). From the comparison in direction of change, one point is given for an increase, and half a point for no change.

DI=[((increase) + 1/2((no change)]*100 / number of indicators

To construct LCI, each indicator is converted to an index with a base of 100 in the first period. Simple averaging of the re-based series gives the composite index.

The indices will be initially constructed using final seasonally adjusted (FSA) values and their accuracy will be assessed. In the case when an index constructed from FSA values fails to track the reference cycle, other combinations of indices using FSA values or cyclical values will be further constructed and assessed.    
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Figure 4.1 Comparison of 1st differencing: PPNC vs MPIP
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