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(Numbers denote length of expansionary/contractionary phase)

The process of coming up with the cyclical fluctuation diagram of the pharmaceuticals industry is useful in pinpointing the exact quarters at which expansionary and contractionary phases occur. Otherwise, the use of annual data can only allow forecast-accuracy in terms of years. This will not only be less reliable, the forecast will also be less responsive to quarterly changes in the future. Figure. 5.1 shows the cyclical fluctuations of the Singapore Pharmaceuticals industry from 1983Q1 to 2000Q3. It had undergone 18 turning points, with 9 peaks and 9 troughs. The industry is currently in its latest contractionary phase following the latest peak identified in 1999Q3. Exceptionally long expansionary phases occurred in 1988Q4-1991Q1 (9 quarters), 1992Q3-1994Q3 (8 quarters) and more recently 1997Q4-1999Q3 (7 quarters). An exceptionally long contractionary phase occurred in 1991Q1-1992Q3 (6 quarters).
One debatable point to an observer may be the peak in 1994Q3. From Figure 5.1, it seems that the peak should occur at 1994Q1 instead of 1994Q3, for that is obviously the highest value within the period between the troughs in 1992Q3 and 1995Q1. However, it must be noted that taking 1994Q1 to be the peak will violate the rule of having 2 consecutive periods of decline following a peak. The rationale of the rule is that the second period of decline will act as a confirmation for the first. Although other researchers may be flexible on this point, the rule is followed in the study for consistency.

Comparing the cyclical fluctuations of the pharmaceuticals industry to the chronology of events in Chapter Two, there appears to be a tight link in both sources of data. With the understanding of the events that are crucial to the industry, it is possible to explain the observed cyclical fluctuations as demonstrated in Figure 5.2.   

As mentioned in Chapter Two, the 1980s was a period of global prosperity for the pharmaceuticals industry. Figure 5.1 shows that expansionary and contractionary periods of 3 quarters in the earlier half of the 1980s were shortened to 2 quarters in the later half. During the 1980s, as new technology and skills were developed and introduced to the local pharmaceuticals industry, it is possible that life cycles of innovations would be shortened under such circumstances. This view stems from Schumpeter’s argument that a normal, healthy economy was not one in equilibrium, but one that was constantly being “disrupted” by technological innovation (“Catch the Wave”, 1999). This will support the observation for the shortening cycles in the 1980s. This trend of shortening cycle periods did not extend beyond the 1980s probably because more direct impacts from local activities assumed a greater role in influencing the cycles. However, the local pharmaceuticals industry is not thereafter entirely free from the effects of external forces. It is observed that global pressure on health cost in the 1990s, which threatened the profitability of pharmaceutical firms, might be responsible for the overall sluggishness from 1991Q1 to 1997Q4. Also, strong demand from the U.S. and Europe during 1999 may have caused the rebound in 1999Q2. Otherwise, the contractionary phase after 1999Q3 could have occurred sooner.
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It may not be purely coincidental that Becton Dickinson’s investment of US$80m in 1989 was followed by a long expansionary phase of 9 quarters in the pharmaceuticals cycle. A similar pattern, this time an expansionary phase spanning 7 quarters, was observed with the investments from Schering Plough and Aventis in 1997. These cases suggest that major investments in the industry are likely to be followed by long expansionary phases, probably driven by the healthy boost in R&D funding and production capacity. Hence it may be possible that any major investments that occur in the near future will mark the next trough of the pharmaceuticals industry. 

5.2 Selection of Leading Indicators 

To evaluate the accuracy of the leading indices to be developed later, the latest peak of the reference cycle in 1999Q3 was left out from the evaluation of the indicators. Should an index be able to capture this peak, it would add credibility to its forecasting ability.

From Appendix B, the dominant characteristics of the potential leading indicators are evaluated. Table 5.1 summarizes the result of the evaluation.

Table 5.1 Summarized Evaluation of Indicators

	Indicator
	No. of REF TP captured
	No. of Missed TP
	No. of Extra

TP
	Arima Test

Pass / Fail
	Dominant Characteristic

	
	Lead
	Coincident
	Lag
	
	
	
	

	GPCE
	P:2, T:2

23.5%


	P:2, T:3

29.4%
	P:2, T:1

17.6%
	5

29.4%
	2


	P
	CO

	GTOT
	P:3, T:1

23.5%
	P:1, T:4

29.4%
	P:1

5.9%
	7

41.2%
	-
	P
	CO

	GMFG
	T:1

5.9%
	P:4, T:4

47.1%
	P:2, T:2

23.5%
	4

23.5%
	-
	P
	CO

	GTAX
	P:2, T:2

23.5%


	P:2, T:2

23.5%
	P:2, T:3

29.4%
	4
	1
	P
	LG

	EPI
	P:1

5.9%
	P:3, T:3

35.3%
	P:2, T:3

29.4%
	5

29.4%
	4
	P
	CO

	CPIH
	P:1, T:1

11.8%
	P:2, T:3

29.4%
	P:2, T:1

17.6%
	7

41.2%
	2

11.8%
	P
	CO

	Indicator
	No. of REF TP captured
	No. of Missed TP
	No. of Extra

TP
	Arima Test

Pass / Fail
	Dominant Characte-risctic

	
	Lead
	Coincident
	Lag
	
	
	
	

	PIC
	P:2, T:1

17.6%
	P:5, T:6

64.7%
	-


	3

17.6%
	4
	P
	CO

	Quarterly Business Expectations (QBE)

	MINV
	P:1, T:2

17.6%
	P:3, T:2

29.4%
	P:1, T:1

11.8%
	7

41.2%
	2


	P
	CO

	QBE of Chemicals Industry Performance

	P-OT
	P:6, T:5

64.7%
	T:3

17.6%
	P:1

5.9%
	2

11.8%
	-
	P 
	LE

	P-NOR
	P:2, T:3

29.4%
	P:4, T:5

52.9%
	P:1

5.9%
	2

11.8%
	-
	P
	CO

	P-DO
	P:3, T:4

41.2%
	P:3, T:2

29.4%
	T:1

5.9%
	4

23.5%
	6
	P
	LE

	P-EO
	P:3, T:4

41.2%
	P:4, T:4

47.1%
	-
	2

11.8%
	3
	P
	CO

	P-O
	P:4, T:6

58.8%
	P:3, T:2

29.4%
	-
	2

11.8%
	4
	P
	LE

	P-DELS
	P:4, T:6

58.8%
	P:2, T:1

17.6%
	-
	4

23.5%
	4
	P
	LE

	P-DELO
	P:2, T:3

29.4%
	P:3, T:3

35.3%
	P:3, T:3

35.5%
	-
	1
	P
	CO/LG

	P-ASP
	P:4, T:5

52.9%
	P:2, T:2

23.5%
	T:1

5.9%
	4

23.5%
	2
	F
	LE

	P-SRM
	P:4, T:4

47.1%
	P:3, T:4

41.2%
	-
	2

11.8%
	4
	P
	LE

	P-SFG
	P:3, T:4

41.2%
	P:4, T:3

41.2%
	T:1

5.9%
	2

11.8%
	1
	F
	LE/CO

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

	F-GB
	P:5, T:6

64.7%
	P:3, T:3

35.3%
	-
	-
	6
	P
	LE

	F-OT
	-
	P:5, T:7

70.6%
	P:2, T:1

17.6%
	2

11.8%
	6
	F
	CO

	F-NOR
	P:4, T:1

29.4%
	P:3, T:7

58.8%
	-
	2

11.8%
	1
	F
	CO

	F-DO
	P:4, T:3

41.2%
	P:1, T:3

23.5%
	P:1

5.9%
	5

29.4%
	-
	P
	LE

	F-EO
	P:3, T:1

23.5%
	P:3, T:6

52.9%
	-
	4

23.5%
	5
	F
	CO

	Indicator
	No. of REF TP captured
	No. of Missed TP
	No. of Extra

TP
	Arima Test

Pass / Fail
	Dominant Characte-risctic

	
	Lead
	Coincident
	Lag
	
	
	
	

	F-O
	P:4, T:1

29.4%
	P:1, T:5

35.5%
	-
	6

35.3%
	2
	P
	CO

	F-DELS
	P:3, T:1

23.5%
	P:1, T:4

29.4%
	P:1

5.9%
	7

41.2%
	2
	F
	CO

	F-DELO
	-
	P:1, T:4

29.4%
	P:4, T:2

35.3%
	6

35.3%
	3
	F
	LG

	F-ASP
	P:1, T:2

17.6%
	P:5, T:4

52.9%
	P:1, T:2

17.6%
	2

11.8%
	5
	P
	CO

	F-SRM
	P:3, T:3

35.3%
	P:3, T:4

41.2%
	-
	4

23.5%
	2
	P
	CO

	F-SFG
	-
	P:6, T:8

82.4%
	P:2

11.8%
	1

5.9%
	2
	F
	CO


P: Peak, T: Trough

LE: lead, CO: coincident, LG: lag
An indicator that can capture or lead more than 50% of the pharmaceutical industry’s turning points (REF cyclical turning points) is selected to form leading indices for this study. That is, indicators in Table 5.1 with more than 50% under the lead column will be selected.

Therefore, the selected indicators are P-OT, P-O, P-DELS, P-ASP and F-GB. It is observed that forecasts for general business of the chemicals industry (F-GB) shows the strongest leading ability among the variables (64.7% of reference cycle turning points tracked under leading). The other four selected variables are also from the chemicals industry. These support the assumption that both chemicals and pharmaceuticals industries are closely related. 

GDP variables failed to lead probably because the local pharmaceuticals industry is fundamentally influenced by macro factors from beyond the Singapore economy. Stronger prime mover factors like regional economic activities may supersede Singapore’s GDP as the leading indicators for the pharmaceuticals industry. 

Out of the five selected variables, only P-ASP failed the Arima test. Hence it is the only indicator chosen without data extrapolation. As a result there are missing data after this series undergoes the moving average process required in the decomposition process to obtain its cyclical values. 

5.3 Ability of Businesses to Forecast

Since forecast and performance of variables under business expectations were collected, it would be interesting to evaluate how well businesses forecast. Knowing the forecasting ability of businesses in the chemicals industry (the variables are of the chemicals industry, which is used as a proxy for the pharmaceuticals industry) may reveal that of a closely related industry like the pharmaceuticals.  The cyclical values of business expectation variables were compared between performance and forecast in Appendix C. The results are summarized in Table 5.2 below. The more coincident turning points between forecast and performance, the more accurate is the forecasting ability of businesses over that variable.

Table 5.2 Evaluation of Forecast Variable

	Variable
	Total Turning Points
	Number of Coincident
	Number of Lead
	Number of Lag
	Number of Extra Turning

Points
	Number of Missing Turning Points
	Percentage of Coincident Turning Points

	F-OT
	21
	9
	4
	2
	6
	0
	42.9%

	F-NOR
	16
	9
	3
	3
	1
	0
	56.3%

	F-DO
	15
	8
	3
	4
	0
	6
	53.3%

	F-EO
	18
	10
	3
	3
	2
	2
	55.6%

	F-O
	16
	9
	2
	3
	2
	7
	56.25%

	F-DELS
	12
	9
	1
	2
	0
	5
	75%

	F-DELO
	14
	4
	3
	6
	1
	4
	28.6%

	F-ASP
	20
	16
	0
	0
	4
	0
	80%

	F-SRM
	17
	11
	3
	3
	0
	5
	64.7%

	F-SFG
	18
	11
	0
	3
	4
	2
	61.1%


Businesses in the chemicals industry show mixed results in their forecasting accuracy. They are especially accurate for average selling price (F-ASP) and deliveries in Singapore (F-DELS). It is probable that businesses in the pharmaceuticals industry will also do well in forecasting these variables for their industry, especially when the industry depends on high price to cover high expenses in R&D for proprietary drugs. The greater power over pricing by pharmaceutical firms than other industries will give them an edge in forecasting prices. Deliveries in Singapore will also be easier to forecast as local demand is only limited to about 1% of the industrial output, as mentioned in Chapter Two.

Businesses find deliveries overseas (F-DELO) much more difficult to forecast than F-DELS as more complex sets of factors in overseas market must be considered.        

5.4 Construction of Indices

Having a gauge of businesses’ ability to forecast, it becomes more imperative to produce forecasting tools for the industry. The five selected variables P-OT, P-O, P-DELS, P-ASP and F-GB are formed into a leading diffusion index (LDI) and a leading composite index (LCI). The turning points of the LDI are identified by the following rule:

A peak (trough) is confirmed when LDI crosses the 50% level from above (below) and stays below (above) 50% for at least two subsequent quarters.

The comparison of turning points between the reference cycle and respective indices are found in Appendix D. After identifying the respective peaks and troughs, it was found that the LDI performed better than the LCI. The LDI has better tracking with more reference turning points captured under leading and has less missing turning points compared to the LCI. Both were able to capture the last peak of the reference cycle in 1999Q3, and both suggested the possibility of predicting the next trough with the occurrence of their last troughs. It would seem that the LDI should be immediately used to forecast the next trough. However, the number of missing points (33.3% of total REF cycle TP) is a strong negative factor to urge the construction of potentially better indices.

Table 5.3 Performances of Initial LDI and LCI

	Index
	No. of REF TP captured
	No. of Missed TP
	Additional TP

	
	Lead
	Coincident
	Lag
	
	

	LDI
	P:5, T:5

55.6%


	T:1

5.6%
	P:1

5.6%
	6

33.3%
	Last T (98Q3)



	LCI
	P:3, T:3

33.3%
	P:2, T:1

16.7%
	-
	8

44.4%
	Last T (99Q1)


Three more indices are formed in view of the many missing points in the original LDI, thereby to be named as 5LDI. One method is to use cyclical values of the same five variables in place of their final seasonally adjusted values to construct the LDI. This is done with the assumption that the use of cyclical values can better capture that of the reference series. After all, the best indicators were selected in the first place by assessing them by their cyclical values. This index will be called 5CLDI. 

The next method is to add in three other variables from Table 5.1 to the original five, and hence construct a diffusion index comprising of 8 variables, named as 8LDI. The method of construction is basically similar to that of 5LDI, apart from the further inclusion of the variables P-DO, P-SRM and F-DO. From Table 5.1, these three are selected as they display dominantly leading characteristics, which may help in improving the leading performance with the new 8LDI. If 8LDI appears to be better than 5LDI, it may imply that the selection criterion of requiring “more than 50% reference turning points captured under leading” is too stringent. Then a better cut off point would be 40%, since the three newly included variables all did better than that.

The last method will be to further filter the existing five variables to form an index from three best variables, the 3LDI. This is the last resort as an index of only 3 variables would be too dicey and defeat the purpose of forming an index to spread risk. The added advantage of cheaper data collection due to using fewer variables may not cover the risk involved. This index, if useful, will be used as a supplement for 5LDI at best. For 3LDI, the variables P-DELS and P-ASP are excluded. From Table 5.1, P-DELS has the worst leading performance (52.9%) out of the original five variables. Like P-ASP, it also has 4 missing turning points whereas the remaining P-OT, P-O and F-GB have only 2 missing turning points each. It is expected that by excluding these two variables, the number of missing turning points will decrease and the resulting 3LDI will lead better. 

The construction of 5CLDI requires cyclical values of the five variables. This posed as a problem in itself as mentioned earlier, P-ASP did not have extrapolated cyclical values, having failed the Arima test and missing the extrapolation process. There is more than one way to overcome this problem. For the decomposition procedure, a simple regression line can represent the trend component, and the seasonal indices may be calculated using the ratio-to-moving-average method. The data Y=TSCI may be subjectively extrapolated without using the Arima programme. With the two components, deseasonalize and detrend the data: TSCI / TS = CI. The cyclical component C may finally be obtained from the moving average of CI. Another method, which is used in the study, is to observe the historical growth rate of the shorter series of cyclical values for recurring patterns. This method is used as quite similar growth rates were observed for the cyclical values.

5.4.1 Predicting Cyclical Values for P-ASP

To counter the problem of losing data points to the centred moving average process, the missing cycle values of P-ASP will be predicted by examining the past cyclical values of the series. An underlying assumption of this judgmental forecasting technique is that past cyclical patterns repeat themselves, and that the past is indicative of the future.

From Table 5.4, it is observed that P-ASP has very similar growth rate between 1994Q2-1996Q1 and 1996Q4-1998Q3. 

Table 5.4 Growth Rate of P-ASP

	P-ASP
	Cyclical Value
	Growth Rate
	P-ASP
	Cyclical Value
	Growth Rate

	94Q1
	90.1
	
	
	
	

	94Q2
	124.5
	1.38
	96Q4
	109.5
	1.37

	94Q3
	153.6
	1.23
	97Q1
	130.9
	1.20

	94Q4
	143.7
	0.94
	97Q2
	119.0
	0.91

	95Q1
	118.0
	0.82
	97Q3
	102.9
	0.86

	95Q2
	102.8
	0.87
	97Q4
	84.2
	0.82

	95Q3
	90.4
	0.88
	98Q1
	65.3
	0.77

	95Q4
	92.8
	1.03
	98Q2
	64.5
	0.99

	96Q1
	107.4
	1.16
	98Q3
	74.7
	1.16

	96Q2
	97.9
	0.91
	
	
	

	96Q3
	80.2
	0.82
	
	
	


It is hence assumed that cyclical values for 1998Q4 to 2000Q3 may follow a similar pattern as of 1996Q2-1998Q1. In this manner, forecasted values for 1998Q4 to 2000Q3 are hence obtained by generating new values from observed historical growth rates. This is shown in Table 5.5.

Table 5.5 Forecasted Cyclical Values of P-ASP

	Forecast period
	Rate of Change
	Period Forecast is based on
	Forecasted Value

	98Q4
	0.91
	96Q2
	68.1

	99Q1
	0.82
	96Q3
	55.8

	99Q2
	1.37
	96Q4
	76.2

	99Q3
	1.20
	97Q1
	91.1

	99Q4
	0.91
	97Q2
	82.8

	00Q1
	0.86
	97Q3
	71.6

	00Q2
	0.82
	97Q4
	58.6

	00Q3
	0.77
	98Q1
	45.4


With these cyclical values in place, it becomes possible to construct 5CLCI from the cyclical values of the variables P-OT, P-O, P-DELS, P-ASP and F-GB.

5.4.2 Evaluating the New Indices

After the construction of the new indices and comparison to the reference cycle in Appendix D, their performances are evaluated and summarized in Table 5.6. The index 5CLDI is found to be worse than 5LDI in terms of having weaker leading performance, and in terms of having one more missing turning point. The use of cyclical values did not turn out to be an improvement as assumed. Hence 5CLDI will not be further used for forecasting purposes. 

The worst index out of the three new ones is 8LDI. Including more inferior indicators only lead to more false signals (2 extra turning points). The number of missed turning points (44.4%) greatly exceeded the leading turning points (27.8%). In this case, this index should never be used due to its low reliability. Nonetheless, one achievement from constructing this index is the confirmation that the selection criterion of requiring “more than 50% turning points captured under leading” is indeed an effective filter. 

Table 5.6 Comparison of Diffusion Indices

	INDEX
	No. of REF TP captured
	No. of Missed TP
	Remark

	
	Lead
	Coincident
	Lag
	
	

	5LDI
	P: 5, T: 5

55.6%


	T: 1

5.6%
	P: 1

5.6%
	6

33.3%
	Last T (98Q3) can be used for forecasting



	5CLDI
	P: 5, T: 4

50%


	P: 1, T: 1

11.1%
	-
	7

38.9%
	Last T (98Q3) can be used for forecasting



	8LDI
	P: 2, T: 3

27.8%


	P: 1

5.6%
	P: 2, T: 2

22.2%
	8

44.4%
	Last T (98Q4) can be used for forecasting;

2 extra turning points

	3LDI
	P: 7, T: 6

72.2%


	-
	-
	5

27.8%
	Last T (99Q3) can be used for forecasting


It would appear that 3LDI is a better index than 5LDI at first glance. However as mentioned, it will only be considered a supplement to 5LDI because of its risky nature. Despite the higher leading performance and reduced number of missed turning points, there are areas which 3LDI fail to fare better than 5LDI. Notably, 5LDI has smaller ranges of leading periods of peaks (4-9 quarters) and troughs (3-7 quarters) compared to 3LDI (peak: 3-9 quarters, trough: 3-8 quarters). In this aspect, 5LDI has more reliability than 3LDI.

5.5 Forecasting the Next Trough of the Pharmaceuticals Industry

The last troughs identified in both 5LDI and 3LDI are useful in predicting the pharmaceutical industry’s next trough. Following the forecast by the LDI method, another prediction method will be carried out to identify the next trough. The method is to identify future troughs from the extended cyclical values, which is made possible through the SAS X11 Arima program. An evaluation of the Arima extrapolation’s accuracy will also be done to end this chapter.

5.5.1 Forecast by LDI

Looking at the 5LDI index, the last trough identified at 1998Q3 is used to forecast the next trough of the pharmaceuticals industry. Figure 5.3 shows the leading performance of the index 5LDI. From Table 5.7, by observing the range of lead periods of 5LDI, a lead period of 9 quarters is considered for the 1998Q3 trough. This decision is based on the assumption that symmetrical patterns exist in the cycles. Since the last peak led by 9 quarters, so will the next trough. Moreover, 5LDI has somewhat symmetrical cycles for three pairs of peaks and troughs (8-7, 6-5, 4-5) out of the five pairs observed. Making this decision, the last trough of 5LDI will predict the next trough of the pharmaceuticals industry to occur in 2000Q4.

Table 5.7 Forecasts by LDI

	LDI
	Lead Time (Quarters) 
	Last Trough Occurrence
	Likely Lead Period

(Quarters)
	Forecasted REF Cycle Trough

	5LDI
	P: 8, 6, 4, 9, 9

T: 7, 5, 5, 3, 4
	1998Q3
	9
	2000Q4

	3LDI
	P: 9, 6, 3, 5, 6, 4, 7

T: 5, 5, 3, 8, 4, 4
	1999Q3
	7
	2001Q2
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(Numbers denote length of expansionary/contractionary phase)

Considering the index 3LDI as a supplement, the symmetry assumption is also applied. This is because four out of the six observed pairs of peaks and troughs (6-5, 3-3, 6-4, 4-4) show a strong symmetric relationship, as seen in Table 5.7. Hence the last trough observed in 1999Q3 should lead by 7 quarters, like that of the last peak. This suggests the next pharmaceuticals industry trough to occur in 2001Q2. This later date forecasted may make some sense considering that the slowing down of the US economy may lengthen the existing contractionary phase.  
The 3LDI trough in 1990Q3 leading by 8 quarters has an exceptionally long lead period. During the 8 quarters that follow, one of the most significant world events was the Persian Gulf War that started in 1991Q1 (January). It may not be a simple coincidence that during the repeated long lead period of 7 quarters forecasted by the last 3LDI trough, political unrest again reached a higher level in the Middle East. Amidst the Israel-Palestine tension, an advocator of hawkish policy towards the Palestinians, Ariel Sharon, was elected Israel Prime Minister in February 2001, much to the chagrin of the world. As if to fuel the escalating tension, US President George Bush Junior carried out an air strike in the same month on Iraq, inviting criticisms from Middle East countries. While it is interesting to know whether political unrest is a strong driving factor behind long business cycles, the correlation between them is however beyond the scope of this study.

The difference between the forecasts of 5LDI and 3LDI is 2 quarters. It must be reminded that 3LDI is a more risky index hence more weightage in consideration should be placed on the forecast by 5LDI. Next, the forecast by using SAS X11 Arima extrapolation is considered to assist in the decision of determining which LDI forecast is better. 

5.5.2 Forecast by Extended Cycle

This method does not utilize leading indicators, so it is also done simply to supplement the LDI forecasts. The Arima extrapolation is performed twice on the updated REF series to stretch the extrapolation by 16 quarters forward. In this way, after performing a centred moving average process once, extended TC values that stretch 8 quarters forward will still exist. The extended values are used to calculate cyclical values as done previously on TC values that only went through a single extrapolation process. For the resulting cyclical values, peaks and troughs are identified again. This time a new trough is identified in 2000Q4. This itself is a forecast based largely on the Arima extrapolation. The forecast by this method is similar to that of 5LDI, hence further corroborating the credibility of the 5LDI forecast. 

5.5.3 Accuracy of Arima Extrapolation

While both forecasts by 5LDI and Arima extrapolation point to the same result, the accuracy of the methods should also be considered. As mentioned, 5LDI captured 55.6% of REF cyclical turning points under leading. It is relatively more accurate than the indices 5LCI, 5CLDI and 8LDI. 

As for the Arima extrapolation, Table 5.8 shows that it has a mean absolute percentage error (MAPE) of 33.7% in extrapolating the REF series value in 2000Q4. 

Table 5.8 Accuracy of Arima Extrapolation    

	YEAR/QUARTER
	FORECAST BEFORE UPDATE
	FORECAST AFTER UPDATE
	Absolute Percentage Difference

	2000Q1
	122.8
	122.8
	

	2000Q2
	100
	100
	

	2000Q3
	77.4
	77.4
	

	2000Q4
	76.2
	Updated value: 115
	33.7%

	2001Q1
	108.3
	130.4
	16.9%

	2001Q2
	102.8
	128.4
	19.9%

	2001Q3
	110.5
	138.7
	20.3%

	2001Q4
	91.3
	130.3
	29.9%

	2002Q1
	130.6
	169.6
	23.0%

	2002Q2
	124.8
	167.1
	25.3%

	2002Q3
	135
	181.6
	25.7%

	2002Q4
	
	171.5
	


Forecasts in italic

Subsequent changes in extrapolation due to a single period update resulted in changes in forecasts ranging from 16.9% to 29.9%. From the trend, it may suggest that Arima should be able to predict near-term values better than values in the distant future. However, it is difficult to judge the accuracy of the Arima extrapolation from just a single update. A better gauge of its accuracy should be done with future updates.

Having presented the forecasting models and the assessment of their accuracy, the next chapter will summarize the study and highlight some limitations encountered. Suggestions for future research in this topic are also provided. 
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Peak: When DI crosses the 50% level from above and stays below 50% for at least 2 subsequent quarters


Trough: When DI crosses the 50%  level from below and stays above 50% for at least 2 subsequent quarters
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Cycles shortened as industry developed in the 1980s.

Becton Dickinson's US$80m investment in 1989 may have propagated this expansionary phase.

Global pressure on health cost in the 1990s may be responsible for impeded expansion and steep declines.

New investments from Schering Plough  and Aventis in 1997 may have led to this steep climb.

Strong market demand in 1999 pushed the cycle back to expansion.
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Cycles shortened as industry developed in the 1980s.

Becton Dickinson's US$80m investment in 1989 may have propagated this expansionary phase.

Global pressure on health cost in the 1990s may be responsible for impeded expansion and steep declines.

New investments from Schering Plough  and Aventis in 1997 may have led to this steep climb.

Strong market demand in 1999 extended the expansionary phase.
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		92Q3		T		60.00										92Q3		T				80.00		96.4

		92Q4				60.00										92Q4						60.00		93.1

		93Q1				60.00										93Q1						60.00		94.0

		93Q2				60.00										93Q2						60.00		96.6

		93Q3				60.00										93Q3						60.00		99.1

		93Q4				60.00										93Q4						60.00		100.2

		94Q1				40.00										94Q1						60.00		102.4

		94Q2				60.00										94Q2						60.00		102.5

		94Q3		P		80.00						M				94Q3				P		60.00		99.9

		94Q4				60.00		P				+9				94Q4						40.00		100.9

		95Q1		T		20.00						M				95Q1		T				60.00		97.9

		95Q2				40.00										95Q2						80.00		89.9

		95Q3		P		60.00						M				95Q3				P		60.00		94.5

		95Q4				20.00										95Q4						20.00		104.2

		96Q1				80.00										96Q1						40.00		104.0

		96Q2				40.00										96Q2						60.00		100.4

		96Q3		T		60.00						M				96Q3		T				20.00		95.7

		96Q4				40.00		T				+4				96Q4						80.00		92.6

		97Q1		P		60.00										97Q1				P		40.00		94.4

		97Q2				80.00		P				+9				97Q2						60.00		94.9

		97Q3				40.00										97Q3						40.00		80.7

		97Q4		T		40.00										97Q4		T				60.00		63.8

		98Q1				20.00										98Q1						80.00		62.9

		98Q2				0.00										98Q2						40.00		73.2

		98Q3				20.00		T				?				98Q3						40.00		92.4

		98Q4				60.00										98Q4						20.00		111.3

		99Q1				60.00										99Q1						0.00

		99Q2				60.00										99Q2						20.00

		99Q3		P		60.00										99Q3				P

		99Q4				80.00

		00Q1				60.00

		00Q2				80.00

		00Q3				80.00
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Figure 5.3 Leading Performance of 5LDI
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PSEUDO

		No		Yr/Qtr		TC Extended		16 MA		16 C MA		C		P/T

												(=TC/16 C MA) *100								83Q1		97.1573893182

		1		81Q1		16.1536														83Q2		96.2264849905

		2		81Q2		15.7501														83Q3		97.5129417801

		3		81Q3		15.3862														83Q4		98.767215397

		4		81Q4		15.3751														84Q1		99.2374444647

		5		82Q1		14.9972														84Q2		97.5933225655

		6		82Q2		14.6227														84Q3		93.4309161709

		7		82Q3		14.6866														84Q4		92.5255513438

		8		82Q4		14.8696														85Q1		99.8390810788

		9		83Q1		14.6273				15.0552625		97.2								85Q2		105.9893586093

		10		83Q2		14.5301				15.099896875		96.2								85Q3		104.5255141767

		11		83Q3		14.8246				15.2027		97.5								85Q4		99.3804450055

		12		83Q4		15.1111				15.2997125		98.8								86Q1		97.9213779625

		13		84Q1		15.2782				15.3956		99.2								86Q2		101.3552788373

		14		84Q2		15.1737				15.5478875		97.6								86Q3		104.7873819643

		15		84Q3		14.732				15.7678		93.4								86Q4		99.2855903747

		16		84Q4		14.7899		15.05675		15.984665625		92.5								87Q1		89.8823692789

		17		85Q1		16.106		15.053775		16.131959375		99.8								87Q2		90.525442857

		18		85Q2		17.226		15.14601875		16.252575		106.0								87Q3		102.2770796834

		19		85Q3		17.2		15.25938125		16.4553125		104.5								87Q4		108.6847872781

		20		85Q4		16.6657		15.34004375		16.769596875		99.4								88Q1		107.3827617785

		21		86Q1		16.775		15.45115625		17.131090625		97.9								88Q2		101.3601635048

		22		86Q2		17.7181		15.64461875		17.48118125		101.4								88Q3		90.2225200804

		23		86Q3		18.6284		15.89098125		17.77733125		104.8								88Q4		80.9295043217

		24		86Q4		17.8675		16.07835		17.996065625		99.3								89Q1		83.3334554153

		25		87Q1		16.3428		16.18556875		18.18243125		89.9								89Q2		89.1858950586

		26		87Q2		16.6743		16.31958125		18.4194625		90.5								89Q3		89.8971883193

		27		87Q3		19.168		16.59104375		18.741246875		102.3								89Q4		90.8922570501

		28		87Q4		20.8248		16.94815		19.16073125		108.7								90Q1		92.8593320137

		29		88Q1		21.1323		17.31403125		19.679415625		107.4								90Q2		93.9584249117

		30		88Q2		20.5225		17.64833125		20.24710625		101.4								90Q3		103.1784344114

		31		88Q3		18.86		17.90633125		20.903871875		90.2								90Q4		116.2987633051

		32		88Q4		17.6614		18.0858		21.823190625		80.9								91Q1		119.4784840739

		33		89Q1		19.1982		18.2790625		23.03780625		83.3								91Q2		115.5746171512

		34		89Q2		21.7188		18.5598625		24.35228125		89.2								91Q3		114.2092305269

		35		89Q3		23.0043		18.92263125		25.589565625		89.9								91Q4		111.9915588605

		36		89Q4		24.2849		19.39883125		26.7183375		90.9								92Q1		104.3729585193

		37		90Q1		25.7537		19.96		27.7341		92.9								92Q2		96.4006362412

		38		90Q2		26.9055		20.5342125		28.6355375		94.0								92Q3		93.1375953426

		39		90Q3		30.4575		21.27353125		29.51925		103.2								92Q4		94.0226252168

		40		90Q4		35.4566		22.37285		30.4875125		116.3								93Q1		96.5686486719

		41		91Q1		37.6214		23.7027625		31.4880125		119.5								93Q2		99.069667731

		42		91Q2		37.4589		25.0018		32.411009375		115.6								93Q3		100.2143008085

		43		91Q3		37.9765		26.17733125		33.251690625		114.2								93Q4		102.3734642568

		44		91Q4		38.137		27.25934375		34.053459375		112.0								94Q1		102.4862683939

		45		92Q1		36.3245		28.20885625		34.802596875		104.4								94Q2		99.9215661353

		46		92Q2		34.1763		29.06221875		35.452359375		96.4								94Q3		100.8882270925

		47		92Q3		33.485		29.97628125		35.952184375		93.1								94Q4		97.9277278643

		48		92Q4		34.0208		30.99874375		36.18363125		94.0								95Q1		89.8911329811

		49		93Q1		34.8548		31.97728125		36.0932875		96.6								95Q2		94.4765823973

		50		93Q2		35.5981		32.8447375		35.932390625		99.1								95Q3		104.1809610559

		51		93Q3		36.0268		33.65864375		35.949759375		100.2								95Q4		103.9516950324

		52		93Q4		36.919		34.448275		36.06305625		102.4								96Q1		100.4477056663

		53		94Q1		37.092		35.15691875		36.192165625		102.5								96Q2		95.6710210151

		54		94Q2		36.3596		35.7478		36.388140625		99.9								96Q3		92.6418068176

		55		94Q3		36.9978		36.15656875		36.67206875		100.9								96Q4		94.4200242286

		56		94Q4		36.3226		36.21069375		37.09123125		97.9								97Q1		94.9232549118

		57		95Q1		33.8644		35.97588125		37.67268125		89.9								97Q2		80.715699296

		58		95Q2		36.0672		35.8889		38.175809375		94.5								97Q3		63.8381966925

		59		95Q3		39.924		36.01061875		38.32178125		104.2								97Q4		62.9445013787

		60		95Q4		39.815		36.11549375		38.30144375		104.0								98Q1		73.1823784785

		61		96Q1		38.778		36.2688375		38.6051625		100.4								98Q2		92.4473805045

		62		96Q2		37.994		36.50744375		39.713175		95.7								98Q3		111.300388669

		63		96Q3		38.753		36.83669375		41.83100625		92.6								98Q4		115.7693105924

		64		96Q4		42.166		37.34576875		44.6579		94.4								99Q1		109.5877413151

		65		97Q1		45.316		37.99959375		47.73961875		94.9								99Q2		116.844636145

		66		97Q2		41.237		38.352025		51.08919375		80.7								99Q3		124.977815879

		67		97Q3		35.059		38.2915375		54.91853125		63.8								99Q4		124.3146058228

		68		97Q4		37.236		38.31135		59.156875		62.9								00Q1		116.5035522776

		69		98Q1		46.494		38.898975		63.5316875		73.2								00Q2		98.6824706669

		70		98Q2		62.414		40.527375		67.513		92.4								00Q3		83.020953961

		71		98Q3		78.714		43.1346375		70.722125		111.3

		72		98Q4		85.067		46.1811625		73.47975		115.8

		73		99Q1		83.735		49.298075		76.40909375		109.6

		74		99Q2		93.383		52.8803125		79.92065625		116.8

		75		99Q3		105.147		56.95675		84.13253125		125.0

		76		99Q4		110.219		61.357		88.66134375		124.3

		77		00Q1		108.368		65.706375		93.01690625		116.5

		78		00Q2		95.806		69.319625		97.085125		98.7

		79		00Q3		83.633		72.124625		100.73721875		83.0

		80		00Q4		85.53		74.834875

		81		01Q1		95.691		77.9833125

		82		01Q2		103.232		81.858

		83		01Q3		107.844		86.4070625

		84		01Q4		109.373		90.915625

		85		02Q1		113.735		95.1181875

		86		02Q2		125.356		99.0520625

		87		02Q3		132.639		102.422375






