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Abstract:

Seasonal products are either (1) not available during certain seasons of the year, and
are termed strong seasonality products, or (2) have regular fluctuations in prices or
quantities according to different seasons and are termed weak seasonality products. In
this paper we analyze various approaches to the treatment of seasonal products
according to Chapter 22 of the CPI/PPI Manuals which use an artificial dataset to
present them. We use the real data from the Israeli CPI to compare different methods
of seasonality treatment, to test the conclusions made in Chapter 22, and to reveal
some problems arising in calculation of the CPI on a practical basis, especially for
products that have very strong seasonality.

This paper is based on the one published by Artsev and Finkel (ECE 21(2) who make
a similar analysis for the years 1997-2001. In this paper, the price and quantity dataset
for fresh fruits (strong seasonality) is extended for the years 1997-2006. We test
whether the contradictory findings of the CPI Manual and the paper are due to the
data structure and its sensitivity to the months at which the commodity enters the
market.



l. Introduction

In their paper from 2004, Diewert, Finkel and Artsev summarized the main
methods of dealing with seasonal products in the CPI, presented in Chapter 22 of the
CPI Manual. They implemented many of the solutions proposed, by inserting real
market data from the Israeli CPI for the years 1997-2002. While some of the
conclusions that they reached when exploiting this true market data confirmed those
of the CPI Manual, others contradicted them.

In the present paper we aim to extend the data used in order to check whether the
inference still holds. We use the data for the same commodities and extend them up
until December 2006. We also focus on some of the problems raised by the previous
paper, which were never explained, and propose several solutions.

In Section II we start with the comparison of the databases of the artificial dataset,
used in the CPI Manual, and the real market data from the Israeli CPI. This
comparison is important, as the differences in the data structure can explain some of
the contradictory conclusions.

Section III presents the results of the main methods that deal with seasonal
products proposed by the CPI Manual. We use the Israeli data extended up to the year
2006.

In Section IV we attempt to explain some of the main challenges that a real
dataset poses, in contrast to the artificial one. The sensitivity of the data to the length
of the period through which the commodity is consumed is examined and some
solutions are proposed.

Section V presents the conclusions.

I11. Comparing the databases

Data structure can be a key factor in determining the performance of an index. For
example, Turvey's artificial dataset produces a Rothwell price index that is less
volatile than the Lowe index. Using Israeli real market data, however, leads to a
totally opposite conclusion. The sensitivity of the specific dataset to different
calculation methods can result in different decisions as to the best way to compile a
price index. Hence, it is important to make a detailed description of the dataset.

In section B of Chapter 22 of the CPI Manual, a modified version of Turvey’s
artificial data set for computing seasonal items is introduced. This set includes data
for 5 seasonal commodities (apples, peaches, grapes, strawberries and oranges) over 4
years (48 months). Modifications of this set were made as follows: the data for grapes
were adjusted to emphasize the differential between annual Laspeyres and Paasche
indices; the monthly inflation rate for the data in the fourth year was doubled
compared to the average of the first three years.

Three of these commodities are present throughout the year (first, third and fifth).
The second item appears for 5 months from June to October every year. The fourth
appears from May to July. These commodities always appear at high initial prices that
decrease in the subsequent months.

The Israeli "true" dataset includes 7 commodities of fresh fruits — lemons,
apricots, avocado, watermelon, persimmon, grapefruits and bananas. The fresh fruits
have strong seasonality (many months with zero prices). As strong seasonality
presents more challenges for the index compilers, we will restrict our analysis to these
products.



Out of the group of 7 commodities, 2 are present throughout the year (lemons and
bananas). 2 more commodities (avocados and grapefruits) disappear from the market
only for only two or three months, in the summer, and only in some of the years.
Apricots, watermelons and persimmons have the strongest seasonality of all — they are
present in the market for 1 to 5 months in the year. The period during which the items
appear on the market is not the same every year, which poses the greatest challenge
on the compilation of indices of several types.

Our sources for testing the results of the CPI Manual are: (a) an annual Household
Expenditure Survey (for the years 1997-2006), consisting of over 6,200 households
and provides the quantity data; (b) the monthly CPI, which includes data on prices.
We built a dataset for the ten-year period of prices and quantities for the commodities
mentioned above.

I11. The performance of different methods based on the Israeli market data

The concept of comparing the prices of the same month in different years is the
first being presented in Chapter 22 of the CPI Manual. Strongly seasonal
commodities are likely to reappear in the same month, thus increasing the
overlapping of commodities. These indices perform reasonably well for the Turvey's
artificial dataset, but they experience huge peaks and troughs, as can be seen from
Figure 1, especially for the case of the Laspeyres index.

Figure 1: Year Over Year Monthly Fixed Base Laspeyres, Paasche and
Fisher Indices
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The 2004 paper tests some of the conclusions presented in Chapter 22 of the CPI
Manual. We would like to check whether these conclusions still hold for our extended
dataset. The first test checked whether “approximate” methods, which use data
normally at the disposal of statistical agencies at the time of computation, can replace
the “current” methods, as was stated in the CPI Manual. Approximate methods
usually use the base-year expenditure weights, instead of current weights (thus the



Laspeyres true index and its approximation share the same formula, in opposite to the
Paasche and Fisher indices — see appendix 2). In Table 1 below we compare the year
over year “current month” fixed base Fisher index (Pr) with the approximate monthly
fixed base Fisher index (Pag).

In 1997 the same data are used for both methods. Therefore, the relevant
comparison is for 1998-2006. In 17 out of the 108 months compared, the differential
is 5 percent or more. However, only 8 of these months are really extreme (five of
them in September). Only the Fisher formula is compared, since if approximate
methods may be used, Fisher is preferable to Laspeyres or Paasche in order to reduce
the upward or downward bias.

Table 1: Ratio Between Year over Year “Current Month” Fixed Base Fisher and

Approximate Fixed Base Fisher Indices (Par/Pg)

Month/Year | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
1 1.00 | 1.01 | 099 | 0.99 | 1.02 | 0.98 | 1.01 | 0.98 | 0.99 | 0.97
2 1.00 | 1.00 | 1.01 | 1.00 | 1.00 | 1.00 | 1.00 | 0.99 | 1.00 | 0.98
3 1.00 | 1.00 | 1.00 | 1.01 | 1.01 | 1.01 | 1.00 | 1.00 | 1.00 | 0.98
4 1.00 | 1.00 | 0.98 | 1.01 | 1.00 | 1.02 | 0.99 | 0.98 | 1.01 | 0.98
5 1.00 | 0.99 | 1.04 | 1.05 | 1.27 | 0.97 | 1.01 | 0.99 | 0.95 | 0.94
6 100 | 1.01 | 100 | 1.01 | 1.00 | 1.03 | 1.02 | 1.02 | 1.03 | 1.03
7 1.00 | 101 |1.16 | 1.01 | 1.06 | 1.02 | 1.04 | 1.04 | 1.03 | 1.14
8 1.00 | 0.99 | 1.02 | 1.00 | 1.04 | 1.05 | 1.04 | 1.04 | 1.05 | 1.04
9 100 | 1.77 | 1.83 | 1.04 | 1.82 | 1.58 | 1.04 | 1.07 | 1.81 | 1.06
10 1.00 | 1.01 | 1.00 | 1.01 | 1.01 | 0.96 | 1.00 | 0.99 | 1.00 | 0.99
11 1.00 | 0.99 | 0.98 | 0.99 | 0.98 | 0.94 | 0.98 | 0.98 | 0.99 | 1.00
12 1.00 | 1.01 | 0.99 | 1.00 | 1.00 | 0.93 | 0.99 | 0.98 | 0.98 | 1.00

In Table 2 below the same comparison is made, this time for year over year
monthly chained Fisher indices.

Table 2: Ratio Between Year over Year “Current” Monthly Chained Fisher

and Approximate Monthly Chained Fisher Indices (Pag/Pg)

Month/Year | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
1 1.00 | 1.01 | 098 | 0.99 | 1.05 | 1.01 | 0.98 | 0.95 | 0.96 | 0.94
2 1.00 | 1.00 | 1.03 | 0.99 | 1.00 | 1.00 | 0.95 | 0.94 | 0.97 | 0.95
3 1.00 | 1.00 | 1.00 | 1.02 | 1.03 | 1.04 | 0.95 | 0.95 | 0.94 | 0.92
4 1.00 | 1.00 | 0.98 | 1.03 | 1.01 | 1.07 | 0.91 | 0.92 | 0.97 | 0.92
5 1.00 | 099 | 1.09 | 1.12 | 158 | 1.32 | 1.20 | 1.19 | 1.21 | 1.17
6 1.00 | 1.01 | 1.00 | 1.00 | 1.00 | 1.06 | 1.17 | 1.17 | 1.20 | 1.24
7 100 | 101 | 114|101 | 106 | 102 | 1.05 | 1.04 | 1.05 | 1.17
8 1.00 | 099 | 1.01 | 1.00 | 1.05 | 1.04 | 1.04 | 1.01 | 1.06 | 1.03
9 1.00 | 1.77 | 1.82 | 1.23 | 1.75 | 1.77 | 1.18 | 1.22 | 1.62 | 1.61
10 1.00 | 1.01 | 1.02 | 1.01 | 1.02 | 1.07 | 0.99 | 1.00 | 0.99 | 0.99
11 1.00 | 0.99 | 099 | 1.02 | 1.01 | 0.99 | 0.97 | 0.97 | 0.98 | 0.97
12 100 {101 | 101|101 ] 101 099 | 098 | 0.97 | 0.97 | 0.97




It seems that the chained indices are not approximated as well as the base period
indices, especially if the base year is far from the current year, which fits the
conclusion of the Manual. In forty-four observations the differences between the true
index and its approximate counterpart is 5 percent or more. May and especially
September seem to be “outlier” months in both comparisons. More on the causes to
this are discussed in section IV of the paper. As we move farther away from the base
year, the number of months with high differentials between the "current" chained and
approximate chained indices grows.

An additional conclusion from Chapter 22 was that chained indices would usually
reduce the spread between the Laspeyres (Pr) and Paasche (Pp) indices. In Table 3
below we compare the spread between these two formulas, for the fixed-base indices
and their chained counterparts. The 2004 paper stated that for the years 1998-2002,
the average spread for chained indices was lower for the fixed-base indices than for
the chained ones. The results seem to contradict the conclusions of the Manual. After
extending the database to include 4 more years, we claim that there is no clear pattern
in the difference of approximation of fixed base or chained indices. For short-time
periods they perform poorly, but for a period of 10 years, the average spread ratio is
almost 1 in both cases.

Table 3: Mean Annual Ratio Between Year over Year Monthly Laspeyres
and Paasche Indices (P./Pp)

Year 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | Average
Fixed Base | 1.00 | 0.97 | 0974 | 1.03 | 0.94 | 0.93 | 1.04 | 1.05 | 0.97 | 0.98 1.00
Chained 1.00 | 0.97 | 0972|098 | 093 | 094 |1.04 | 1.05 | 1.06 | 1.07 0.99

Annual year-over-year approximate indices do not perform better, as they are only
compilations of the monthly indices. In Figure 1 the dotted line represents the
Paasche index, and the dashed line represents the Fisher annual index. It can be seen
that only for four years (2000, 2002, 2003 and 2004) are the approximate indices
(defined by marks ) close to their true counterparts.




Figure 2: Annual Fixed Base and Fixed Base Approximate Laspeyres,
Paasche and Fisher Indices
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Rolling year indices, based on the data of the preceding 12 months, are expected
to be smooth and free from seasonal fluctuations and are regarded as seasonally
adjusted CPIs. There are also fixed-base and chained versions of this index. However,
one has to be cautious when using approximated versions of this index (which use the
base year as a reference period): as we move farther from the base period, Laspeyres
and Paasche approximate chained indices diverge considerably from their true
counterparts. Fixed base approximation works much better, and so does the Fisher
index (Figures 3 and 4).
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Figure 3: Rolling Year Fixed Base and Chained Laspeyres, Paasche, and

Fisher Indices
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Figure 4: Rolling Year Approximate Laspeyres, Paasche, and Fisher Price

Indices
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Figure 5: Lowe, Young, Geometric Laspeyres, and Centered Rolling Year
Indices with Carry Forward Prices
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Extreme seasonal fluctuations of annual basket indices (Lowe, Young and
Geometric Laspeyres), which use monthly prices but annual base quantities /
expenditure shares, make them unsuitable predictors for their seasonally adjusted
rolling year counterparts (Figure 5).

Figure 6: Seasonally Adjusted Lowe, Young, and Geometric Laspeyres
Indices with Carry Forward Prices and the Centered Rolling Year Index
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The artificial dataset produces regular seasonal movements, which are then
exploited to construct seasonally adjusted indices. Peaks and troughs of the indices
constructed on the basis of the true dataset occur at different months and hold for
different periods of time. In this case, seasonally adjusted annual basket indices



(Figure 6) may not be so close to the Centered Rolling Year Index, as is the case with
the artificial dataset. In this case, using an average of several years seasonal
adjustment factor can produce better, "smoother" results.

Until 1987 the price indices of fresh fruits and vegetables in the Israeli CPI were
computed according to the Rothwell formula that expresses changes in quantities as
well as in prices, whereas the base year quantities were a three-year average, in order
to overcome the sample errors in the Household Expenditure Survey. As of January
1988 these indices are computed according to the annual basket month-to-month
Lowe formula. Missing prices are inserted using the imputed prices method (as
opposed to the carry forward or maximum overlap methods). The CPI Manual studies
these two indices and concludes that the Rothwell index exhibits smaller seasonal
movements and is less volatile in general. In contradiction to the findings of the
Manual, in our study the Rothwell index is much more volatile than the Lowe index.
We also constructed a three-year quantities' based Rothwell index, in order to imitate
the Israeli CPI method before 1988. Three indices are presented in Figure 7.

Figure 7: The Lowe with Carry Forward Prices, Normalized Rothwell and
Normalized Rothwell with 3-year base quantities
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Rothwell Indices have lower means than Lowe indices, but are much more
volatile, as can be seen in the table below. It is striking that the three-year based
Rothwell has a higher mean and standard deviation, than the regular one.

Table 4: Mean and Standard Deviation of Normalized Lowe and Rothwell
Indices, and Rothwell Index with 3-year base

Lowe Rothwell Lowe Rothwell Rothwell with 3 year-base
1998-2006  1998-2006 2000-2006 2000-2006 2000-2006

Mean 1.1612 0.9921 1.3911 1.1702 1.1785

St. Dev.  0.1888 0.2443 0.2165 0.2713 0.2728

In Figure 7 one also notices the almost- zero downfalls of the Rothwell indices,
occurring in September in the years 2001, 2002, 2005 and 2006. It also happens in the
years 1998 and 1999 which are not presented here. The reasons for this, as well as the
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failure of the Rothwell index to overcome this problem are explained in section IV of
this paper.

As offered in Chapter 22 of the Manual, we made an attempt to forecast Rolling
Year Indices using month-to-month annual basket indices. We also added the 7-item
group Seasonally Adjusted Lowe Index, obtained by the ARIMA-12, and its trend. In
order to make them comparable, all the series were normalized by dividing the
original indices by the first observation. Figure 8 shows that the predicted values of
these "Seasonally adjusted" indices have still very large seasonal movements.
Although they are closer to the target Centered Rolling Year Index, they are still very
volatile. Lowe indices adjusted using the ARIMA-12 methods are closer to the
Centered Rolling Year Index. It is remarkable that even after all the adjustments, the
trend looks like a roller-coaster. The findings in Chapter 22 of the Manual show very
smooth seasonal adjusted indices.

Figure 8: Seasonally Adjusted Lowe, Young, and Geometric Laspeyres
Indices with Imputed Prices, Centered Rolling Year Indices, Seasonally and
Trend adjusted ARIMA 12 Index and Seasonally Adjusted ARIMA-12
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The most confusing result of all seasonally adjusted indices was displayed by the
seasonally adjusted Rothwell index, presented in Figure 9.
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Figure 9: Seasonally Adjusted Lowe, Rothwell and Centered Rolling Year

Indices, with ARIMA-12 seasonally and trend adjusted index
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Three extreme peaks during 9 years exhibited by the seasonally adjusted Rothwell
index, are absent in the annual basket indices (Lowe, Young and Geometric
Laspeyres — only the Lowe index is shown in Figure 9 for the sake of better
presentation). This strengthens the argument in favor of using the Lowe index in the
Israeli CPI. The reasons for these peaks in the Rothwell index will be explained in the
next section.

IV. The "Watermelon mine": dealing with the sensitivity of the price index
to entries and exits of commodities

The 2004 paper discussed several differences between the theoretical approach to
dealing with seasonal products and its practice. These differences might be the reason
for the contradictions between the finding of the paper and those of the CPI Manual.

Of the four problems mentioned, the unsynchronized seasonal cycles seem to
raise the highest challenge to most of the index formulas discussed in Chapter 22.
Accordingly, the dataset was modified in order to fit the "theoretical approach".
Commodities were forced to appear and disappear during the same month, each year,
by dropping observations or carrying forward last prices. 16 observations were
modified for 6 years 1997-2002 (in the 2004 paper). In this manner, 27 more were
changed for the four years 2003-2006 (16 of them due to the fact that in these years
grapefruits ceased to be measured in the months July-September, making them
strongly seasonal commodities, after they had had only weak seasonality before).

This "perfectly-modified" dataset permits, for example, the month-to-month
yearly indices to perform much better, because it overcomes the main drawback of
the formula: the sum of price relatives multiplied by expenditure shares might be very
low if some of the products were not in the market, compared to the same month in
the previous year, making the dramatic decrease of the price index due to poor
commodities overlap, and not to any real price change. The fall of the index is not so

10




extreme in the perfectly-modified dataset. Toying with the market data in order to
achieve nicer, smoother results may be problematic in reality, however.

What exactly are the properties of the Israeli dataset that undermine the
performance of the seasonal price index methods so extremely? Is it possible in
practice, on an everyday basis, to overcome the problems without changing the whole
database? Every statistical agency dealing with seasonal prices has learnt the pitfalls
and the sensitivity of its data, and developed methods to deal with them.

In the database used in this paper, the high-weighted mine that "spoils" the
smooth and theoretically acceptable performance of the price indices is the
watermelon. This commodity, which appears for three to five months during the year,
entering the market most of the time in May, sometimes in April or June, and exiting
in August or September, has not only literally, but also in expenditure terms, the
highest weight alongside with the lowest price level. This high expenditure weight
exceeds at times 80% of total household expenditure for fresh fruits (out of 7
commodities listed here). Low price levels cause the slightest monetary change to be
translated into high percentage change. Finally, unstable seasonal cycle exacerbates
the problem.

The prices of the watermelon during the years 1997-2006 are listed in Table 5.

Table 5: Watermelon Prices, 1997-2006

Month

\ Year 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 4.06* 4.05* 4.4 473 4.78* 0
5 3,65 334 247 274 2.69*%* 2.89 4.4 24 292 3.38
6 2.03 1.67 1.7 1.65 2.21 1.99 2.08 1.67 1.87 2.21
7 156 1.57 14 176 197 1.6 1.7 157 179 1.9
8 146 174 142 193 196 191 2 162 201 1.83
9 156 0 0 193 0 0 217 179 0 0
10 0 0 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0

*The price did not participate in the calculation of the price index in the original CPI.

Instead of building a perfectly-modified dataset where all items appear and
disappear on the same months every year, we have only made changes to the
watermelon item: we made it enter the market in May and to exit the market in
August (instead of September). One missing observation in May 2001 was inserted,
and four September observations were removed. These are the same modifications
that were made in the perfectly-modified dataset with regard to the watermelon
commodity, except for the fact that in May 2001 the price used was that of June.

Figure 10 presents the Laspeyres price index, which looked so problematic in

Figure 1, with only the watermelon observations modified. A simple imputation
method when whole-group inflation is assumed for the missing prices or carrying

11
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forward the last prices method' could have “stabilized” the price index in the same
way as the watermelon modification did.

Figure 10: Year Over Year Monthly Fixed Base Regular Laspeyres, Carry
Forward and Imputed Price Indices, and Regular Laspeyres for the
Watermelon-modified dataset

1 |—PL-Imputed A

—— PL-original
—— PL-Forward

PL-watermelon: May-Aug

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

It can be seen, that the problem of extreme downfalls in the fixed base Laspeyres
Index (which uses base year expenditure shares) in Figure 10 arises solely because in
the base year, 1997, watermelon prices participated in the calculation of the price
index, while in 1998, and in every other year in which the index fell (1998, 1999,
2001, 2002, 2005, 2006), they were not. Therefore, one has to be very cautious when
deciding about the base year shares.

Annual Indices, presented in Figure 2, with their poor approximation, are also
"spoiled" by the watermelon inconsistency in market cycle: Figure 11 presents the
"corrected" version, where only comparable months were used (i.e. June to August
only). Excluding 1999 and 2001, when the Paasche approximate index moves up and
away from its true counterpart, all approximated indices follow close the true ones,
with the Laspeyres being the highest of all.

Recall Tables 1-3, which compare true yearly month-to-month indices with their
approximations. "Smoothing" the data in order to increase the comparability of prices
performed in the 2004 paper produces better approximation of month-to-month
indices (in accordance to the Manual), both in fixed base and chained indices for the
years 1998-2002. However, extending the dataset reveals that this is true only for the

: Yearly month-to-month indices with imputed or carried-forward prices were not analyzed in Chapter
22 of the Manual, neither in the 2004 paper. We introduce this possibility here as a method to deal with
problematic data.
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fixed-base Fisher index, with chained indices still being approximated poorly?. It is
interesting to note that removing watermelon observations from September instead of
modifying the whole dataset improves slightly the approximation of chained indices.

Figure 11: Annual Fixed base Laspeyres, Paasche and Fisher Indices, and
their Approximate counterparts: watermelon measured from June to August
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Recall that for the original dataset, the spread between Laspeyres and Paasche
month-to-month indices (Table 3) is small to negative. This spread is much higher for
chained indices in the modified dataset”.

One of the interesting findings in Section III were Rolling Year Indices, presented
in Figures 3-4: approximate chained indices of Laspeyres and Paasche showed huge
spreads that started around 2000 and widened further. For the perfectly modified
dataset, as well as in the watermelon-modified dataset, this spread is minor for
approximate chained indices (Figure 13), but is significant specifically for the true
chained indices (Figure 12), with Laspeyres index being the highest, and Paasche —
the lowest. This watermelon example reveals the high sensitivity of chained
Laspeyres and Pasche indices and suggests that the Fisher formula is preferable.

? In the perfectly-modified dataset, for the fixed-base indices, only 6 observations out of 108 (for the
years 1998-2006) showed a difference of more than 5% between the true and approximate Fisher
indices. For chained indices, 45 observations had a spread of 5% or more. For the watermelon-
modified dataset, 12 observations were significantly different for the fixed indices, and 33 observations
for the chained indices.

3 The ratio between Laspeyres and Paasche Indices being 1.033 for Fixed-base indices and 1.175 for
chained indices in perfectly-modified dataset. The results for watermelon-modified dataset are 1.015
and 1.106 respectively.
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Fisher Indices with watermelon-modified dataset
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Figure 13: Rolling Year Approximate Laspeyres, Paasche, and Fisher Price
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The comparison between Lowe and Rothwell Indices in the perfectly-modified
dataset yields results that differ to those presented in Table 4: now the Rothwell index
has the lower mean and standard deviation. This strengthens the findings of the 2004
paper. In fact, opposite results could be obtained merely by adjusting the period of
watermelon presence in the market.

Table 6: Mean and Standard Deviation of Normalized Lowe and Rothwell
Indices, for the perfectly-modified and watermelon-modified dataset

Lowe Rothwell

1998-2006  1998-2006

Perfectly-modified dataset

Mean 1.1559 1.0613
St.Dev. 1804 0.1735
Watermelon-modified dataset

Mean 1.1731 1.0476
St.Dev. (1953 0.1724

Figure 14: The Lowe with Carry Forward Prices and Normalized Rothwell
in watermelon-modified database

2.00

—PLO
—PNR N

1.60 V
- \W
0.80 1

0.40

O T T T T T el oA

1998 1999 2000 2001 2002 2003 2004 2005 2006
Months

The seasonally adjusted annual basket indices with imputed prices are less
successful in repeating the trend of the target Centered Rolling Year Index, although
the Rothwell Index does not show peaks as extreme as with the original dataset.
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Index

Figure 15: Seasonally Adjusted Lowe and Geometric Laspeyres Indices with
Imputed Prices, Centered Rolling Year Indices, Rothwell Seasonally Adjusted
Index for the watermelon-modified dataset and Seasonally and Trend adjusted
ARIMA 12 Index for the original dataset
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The troughs of the Rothwell index in Figure 7 that happen in September are also
explained by the watermelon problem. This is the index that reflects changes in prices
as well as quantities, when the base year quantities and (unit value) prices are used.
Zero prices and quantities in the years 1998, 1999, 2002, 2002, 2005 and 2006, as in
the case with yearly month-to-month indices, caused the fall of the price index. As a
consequence, the seasonally adjusted Rothwell index, introduced in Figure 9, which
is the original Rothwell multiplied by the Seasonal Adjustment Factor (SAF), reflects
extreme peaks in the years when the watermelon did appear in the market: 2001, 2003
and 2004. The SAF, based on 1997, contains the price of the commodity actually sold
in September of 1997. Each time the commodity was sold again, its already high price
index was multiplied again by the high SAF.

2005 2006

Months

The sensitivity of the price index to the timing of the appearance of a certain item
raises the question — how should one decide whether to include a particular
commodity in one month or another? Should we use it in the index calculation from
the moment of first observation, no matter its price or the quantity sold?

In Israel, during some years, the watermelon appeared in April and remained in
the market as late as October. Every time the commodity reappears, considerations
are made whether to include it in the calculations or not according to the price level at
which it enters the market, the relative price of the commodity in comparison to the
previous months / years in the beginning of the season and at its end, etc... The most
important factor in the decision is the relation between the current price and the price
at the last month of calculation. This is because the strong seasonally products can
shock the price index, artificially, without actually reflecting the "true" price changes.
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Apart from price related considerations, there is a formal approach to defining the
minimum number of observations that would be representative enough.

We start by defining the months in which each observation can be measured. For
this purpose, the three-year average of traded quantities of each commodity is
retrieved for each month from the agricultural databases (Table 7).

Table 7: Watermelons sold on the Israeli market in the years 2001-2003
(kilograms)

Month 2 3 4 5 6 7 8 9 Average

Average 1,372 6,631 18,251 34,239 43,813 36,635 13,680 4,891 19,939

2001 478 2,722 17,618 36,198 37,592 42,862 16,214 7,222 20,113
2002 3,311 14,821 28,149 41,952 47,534 21,846 2,644 2,528 20,348
2003 328 2,351 8,985 24,567 46,312 45,196 22,182 4,924 19,356

If the three-year average quantity is at least 30% of the total monthly average, the
month is set to be a "reference month". Hence, the reference period for including the
watermelon items in the calculations is March to September.

In the second stage, we calculate the basic average number of observations in the
price index survey for each of the reference months. The decision whether to include
the calculation of the specific item in the price index is based on whether the number
of price observations exceeds 70% of the basic average.

The number of observations that appeared in the CPI on “border” months are
listed in Table 8 (only the data for the years 2001-2006 are available).

Table 8: Number of observations for the watermelon commodity in the
Israeli CPI:

Measured Measured

April May in the CPI September in the CPI
2001 37 41 NO 9 NO
2002 39 41 YES 13 NO
2003 32 35 YES 19 YES
2004 37 40 YES 21 YES
2005 35 43 YES 21 NO
2006 38 43 YES 18 NO

Tables 7 and 8 show that September is the most controversial month, and most of
the time it was decided not to enter the watermelon item into the index calculation.
April was excluded because of the extremely high entering price, leading to a
conclusion that the actual consumption of the commodity was too low to consider.
However, the exclusion of May 2001 seems confusing.

We tested the influence onthe price index of fresh fruits of entering the
watermelon into the calculation on some month other than May, such as April or
June. The true April prices are available for the years 2001-2005. We used the
average April prices in these years in order to impute April prices for the rest of the
years, taking into account that the watermelon prices for other months were on similar
levels. The results for the yearly month-over-month Laspeyres, Approximate Fisher,
seasonal adjusted Rothwell, Lowe and Centered Rolling Year Indices are presented in
Figures A-E of Appendix 3. Means, standard deviations and pearson coefficients
between the results of different datasets are presented in Table 9.

The most striking result is that if we include the watermelon as early as April, in
most of the cases we actually obtain a lower index level than if it were entered in May
or June. Looking at the prices data (Appendix 1) may offer an explanation: in May or
June apricots enter the seasonal cycle, and in February, persimmons exit it. Stretching
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the participation of watermelons simply smoothes the transfer from one seasonal

commodity to another.

Table 9: Means, Standard deviations and Pearson coefficients for yearly
month-over-month Laspeyres, Approximate Fisher, seasonal adjusted Rothwell,
Lowe and Centered Rolling Year Indices

PL PAF PLOISA PROTHSA PCRY

mean 1.0517 1.0739 1.0735 1.1321 1.0676
st. dev 0.2543 0.1793 0.1476 0.4716 0.0961
April-to-August watermelon included

mean 1.0678 1.0632 1.0998 1.0834 1.0919
st. dev 0.1934 0.1812 0.1422 0.1650 0.0853
Pearson with the original data 0.8624 0.9664 0.9598 0.1440 0.9693
Pearson with May-to-August 0.9989 0.9987 0.9611 0.9975 1.0000
May-to-August watermelon included

mean 1.0701 1.0655 1.1092 1.0865 1.0929
st. dev 0.1965 0.1841 0.1524 0.1702 0.0863
Pearson with the original data 0.8627 0.9681 0.9841 0.1473 0.9683
June-to-August watermelon included

mean 1.0824 1.0779 1.1212 1.1043 1.0992
st. dev 0.2054 0.1899 0.1643 0.1971 0.0855
Pearson with the original data 0.8360 0.9338 0.9133 0.1336 0.9664
Pearson with May-to-August 0.9709 0.9655 0.9515 0.9476 0.9980

V. Summary and Conclusion

Chapter 22 of the CPI Manual introduces various methods how to deal with
seasonal products, using an artificial dataset where seasonal cycles of each product
repeat every year. Using real market datas on strong seasonality products shows that
if seasonal cycles are not stable, some of the methods fail to produce results similar
to those of Chapter 22 and contradict its conclusions. Fixing base-year quantity or
expenditure basket may undermine the calculation of the index since for the real
market data, especially for seasonal products, one year is never like the other. A
single problematic item (in our case, the watermelon) may alter the results.

Each dataset should be studied alone in order to retrieve the specific drops,
problematic commodities, price and expenditure patterns, etc. Only then can one
conclude what methods would be most useful for it. Hence, more empirical
research on seasonal products is necessary.
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Appendix 1: Prices and Expenditures of fresh fruits, 1997-2006
Table A: Prices, p,"

Year, Month,
n m Lemons Apricots Avocado Watermelon Persimmon Grapefruit Bananas
1997 1 3.42 0 3.42 0 5.81 2.81 3.79
2 3.34 0 3.71 0 5.81 2.74 3.88
3 3.43 0 3.78 0 6.67 2.78 3.76
4 3.89 0 4.03 0 0 2.9 424
5 4.35 0 5.07 3.65 0 2.81 5.39
6 6.76 8.81 6.44 2.03 0 3.01 6.77
7 7.7 8.01 7.25 1.56 0 341 9.73
8 9.15 0 0 1.46 0 3.63 9.43
9 8.36 0 7.65 1.56 0 4.48 7.57
10 6.47 0 5.65 0 6.7 4.31 7
11 4.79 0 4.35 0 5.34 3.61 6.74
12 3.9 0 3.95 0 5.44 2.9 5.86
1998 1 3.51 0 3.82 0 5.75 2.69 4.49
2 3.45 0 3.72 0 5.88 2.42 4.09
3 3.42 0 3.78 0 0 2.46 4
4 3.68 0 3.98 0 0 2.57 3.98
5 4.19 0 4.6 3.34 0 2.95 3.97
6 5.9 6.11 5.18 1.67 0 3.39 5.01
7 6.38 6.64 5.81 1.57 0 3.77 7.12
8 7.39 0 9.16 1.74 0 3.7 7.52
9 7.58 0 8.79 0 0 4.74 5.88
10 7.06 0 6.34 0 7.85 4.36 5.71
11 5.88 0 5.44 0 6.71 4.16 4.76
12 4.94 0 5.71 0 7.1 3.37 4.19
1999 1 4.55 0 6.28 0 7.61 3.2 3.89
2 422 0 6.14 0 0 3 3.75
3 4.17 0 6.5 0 0 3.05 3.67
4 4.62 0 7.56 0 0 3.22 4.16
5 5.47 0 10.58 2.47 0 3.45 5.07
6 7 8.82 13.66 1.7 0 3.88 6.14
7 7.88 0 0 1.4 0 0 6.36
8 7.96 0 0 1.42 0 4.13 5.94
9 7.19 0 8.42 0 0 4.4 4.69
10 5.68 0 5.84 0 7.5 4.33 4.3
11 4.85 0 4.95 0 6.23 3.73 4.06
12 432 0 4.64 0 6.41 3.4 3.81
2000 1 4.06 0 4.56 0 7.14 3.29 4.07
2 3.83 0 4.35 0 7.66 3.19 4.4
3 3.69 0 3.85 0 0 3.1 4.58
4 3.49 0 3.67 0 0 3.27 5.13
5 424 0 4.48 2.74 0 3.44 7.58
6 5.7 7.32 5.56 1.65 0 3.87 7.58
7 8.15 7.61 6.55 1.76 0 4.24 8.12
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Year, Month,

n m Lemons Apricots Avocado Watermelon Persimmon Grapefruit Bananas
8 10.92 0 9.04 1.93 0 0 7.85
7.84 0 9.26 1.93 0 0 6.12
10 6.18 0 6.55 0 7.41 5.65 5.83
11 5.3 0 5.09 0 6.11 4.26 5.71
12 4.65 0 4.93 0 6.02 3.73 5.49
2001 1 4.15 0 5.03 0 6.35 3.41 5.33
2 3.86 0 4.86 0 7.01 3.19 5.11
3 3.7 0 5.04 0 0 3.17 4.84
4 3.91 0 5.14 0 0 3.32 4.45
5 4.4 0 6.73 0 0 3.59 4.66
6 5.78 8.45 8.33 2.21 0 3.75 5.31
7 6.46 8.86 0 1.97 0 4.66 6.56
8 6.69 0 0 1.96 0 5.69 6.42
9 5.62 0 8.88 0 0 0 5.42
10 5.21 0 6.69 0 7.77 0 5.4
11 4.57 0 4.97 0 6.75 4.12 491
12 431 0 4.75 0 6.82 3.9 4.56
2002 1 4.1 0 4.97 0 7.15 3.56 4.65
2 391 0 4.62 0 7.76 3.48 4.67
3 3.67 0 4.32 0 0 3.44 4.54
4 3.94 0 4.7 0 0 3.64 5.72
5 4.05 10.6 4.74 2.89 0 3.75 5.94
6 421 6.46 5.07 1.99 0 4 6.2
7 5.84 6.51 0 1.6 0 3.83 7.81
8 6.58 0 0 1.91 0 0 7.64
9 6.19 0 9.61 0 0 5.69 6.8
10 5.48 0 6.32 0 7.93 5.11 6.52
11 4.8 0 6.22 0 6.28 423 5.84
12 422 0 6.33 0 591 3.76 5.36
2003 1 3.91 0 6.78 0 5.65 3.69 4.77
2 3.71 0 7.71 0 6.32 3.44 5.25
3 3.65 0 9 0 0 3.53 5.58
4 3.79 0 11.85 0 0 3.77 5.88
5 4.36 0 16.63 4.4 0 4.01 6.98
6 541 9.92 0 2.08 0 4.75 7.1
7 6.38 9.77 0 1.7 0 0 8.18
8 6.1 0 0 2 0 0 8.33
9 6.58 0 11.44 2.17 0 0 7.5
10 6.7 0 9.21 0 8.18 5.2 6.69
11 6.16 0 7.27 0 7.44 4.25 6.04
12 5.25 0 7.23 0 7.57 3.82 5.87
2004 1 4.62 0 7.54 0 8.45 3.56 5.07
4.38 0 7.2 0 8.74 3.45 5.17
3 4.15 0 7.39 0 0 3.88 4.84
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Year, Month,

n m Lemons Apricots Avocado Watermelon Persimmon Grapefruit Bananas
4 4.9 0 8.01 0 0 4.06 5.1
5 5.65 11.22 10.38 2.4 0 4.38 5.65
6 5.76 5.53 11.12 1.67 0 4.54 53
7 5.72 5.65 13.61 1.57 0 0 5.24
8 5.68 0 13.79 1.62 0 0 5.38
9 5.4 0 8.95 1.79 0 0 5.02
10 5.15 0 6.53 0 6.98 5.19 4.78
11 4.95 0 5.23 0 5.93 4.79 4.27
12 4.75 0 4.74 0 591 4.39 3.76

2005 1 4.34 0 5.01 0 6.17 4.2 4.36
2 4.24 0 5.36 0 6.64 412 4.45
3 4.01 0 5.18 0 0 411 4.07
4 3.71 0 5.58 0 0 4.37 5.25
5 3.82 9.75 6.03 2.92 0 4.73 5.73
6 3.8 5.61 6.61 1.87 0 4.99 5.72
7 4.42 5.84 7.64 1.79 0 0 6.49
8 5.67 0 0 2.01 0 0 6.94
9 5.73 0 9.86 0 0 0 5.93
10 5.59 0 8.18 0 8.03 5.42 5.63
11 5.13 0 7.41 0 6.84 5.07 5.62
12 4.53 0 7.28 0 6.74 4.64 4.96

2006 1 4.36 0 8.59 0 7.17 4.31 4.77
2 4.14 0 9.09 0 7.54 4.13 4.55
3 4.01 0 9.46 0 0 4.3 4.55
4 3.84 0 10.85 0 0 4.62 4.89
5 4.06 12.01 14.15 3.38 0 5.19 5.46
6 4.88 6.73 0 221 0 5.63 5.39
7 6.97 0 0 1.9 0 0 5.44
8 7.55 0 0 1.83 0 0 5.83
9 7.36 0 8.65 0 0 0 5.65
10 6.94 0 8.07 0 7.93 6.35 5.44
11 6.25 0 6.56 0 6.82 5.46 4.98
12 5.06 0 6.27 0 7.06 4.63 4.23
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Table B: Expenditures, (p,"™*q,"™)

Month,
Year, n m Lemons Apricots Avocado Watermelon Persimmon Grapefruit Bananas
1997 1 1.7 0.1 43 0 1.1 0.3 17.7
2 2.5 0 3.6 0.3 0.9 1.7 14.8
3 1.9 0 3.7 0.7 0.2 1.4 15.3
4 2.4 0.1 3 3.4 0 1.4 17.5
5 2.1 0.2 2.7 11 0 1.5 11.8
6 3.2 6.4 2.3 28.9 0 1.6 6.2
7 2.2 7.4 1.6 27.8 0.1 0.8 1
8 2.9 0.8 0.5 222 0 0.7 1.5
9 2.8 0 0.5 13.3 0 0.5 2.4
10 2.8 0 1.7 2.7 1.6 0.6 6.7
11 2.4 0 35 0.4 3.6 1.2 13.3
12 2.2 0.1 5.1 0.2 3.6 0.9 15
1998 1 1.7 0 3.8 0 3 0.7 14.4
2 2.2 0 4.8 0 1.9 0.8 16.9
3 2.6 0.1 3.8 0.6 0.7 1 17.4
4 2.8 0.2 32 2.6 0.1 1.7 17.5
5 2.6 1.1 2.8 222 0.1 0.7 12.5
6 2.4 10.4 1.6 26 0 0.4 7.2
7 3.7 6.9 1.4 23.6 0 0.7 3.2
8 2.6 0.3 0.8 24.6 0.2 0.7 3.2
9 2.9 0.1 1.1 11.7 0.2 1.1 4.5
10 3.6 0.1 2.1 1.8 0.8 0.4 8.9
11 3.2 0 43 0.3 3.4 1.2 13.8
12 2.8 0 4 0.2 2.7 0.9 14.7
1999 1 2.1 0.1 43 0 1.5 1 16.1
2 2.4 0.1 43 0.1 1.7 1.1 14.2
3 2.1 0 4.4 0.4 0.3 1.1 15
4 3 0.1 4 43 0.2 1.2 13.6
5 3.2 2.2 2.2 21 0.3 1.7 11.5
6 2.8 11 1.9 26.7 0 0.8 6.7
7 3.1 6 0.4 25.7 0 0.8 4
8 2.6 0.5 0.2 19.4 0.1 0.4 3.7
9 2.8 0.2 1.1 9.4 0.4 0.6 6.1
10 2.8 0 2.6 1.4 1.6 0.9 8.3
11 2.5 0.3 5.2 0.2 3.7 1.4 12.7
12 2.6 0 4.4 0 34 0.7 12.3
2000 1 2.2 0.2 3.7 0 2.9 1 11
2 2.7 0 42 0 2.3 1 13.6
3 3.1 0 3.6 0.1 0.6 1.4 12.7
4 2.6 0 3.2 3.6 0.1 1 14.2
5 3.1 1.2 3 18 0 1.1 8.5
6 2.4 8.9 1.6 254 0.1 0.6 4.7
7 3.2 7.1 1.6 25.7 0 0.2 2
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Month,

Year, n m Lemons Apricots Avocado Watermelon Persimmon Grapefruit Bananas
8 3.8 04 1.1 21.3 0 0.5 2.5
2.6 0.1 1.1 9.9 0.1 0.3 4.6
10 2.9 0.1 2.5 1.8 1.5 0.6 9.4
11 3.1 0 5 0.7 3.9 1 11.3
12 2.6 0.3 4 0.2 3.5 0.9 13.7
2001 1 2.3 0 42 0 4.1 1.4 13.5
2 2.9 0.2 3.7 0.2 2 0.9 14
3 2.6 0.2 3.6 0.8 1.7 1.2 13.8
4 2.9 0.1 3 5.9 0.1 0.8 13.7
5 2.4 2.5 2.5 21.1 0 0.7 10.1
6 2.8 10.1 2.3 23.3 0 0.9 5.8
7 3 3.6 2.1 23.6 0 0.4 4
8 33 0.1 1.1 17 0 0.3 3
9 34 0.1 14 52 0.2 0.1 4.8
10 3.7 0.2 4.1 1.8 2.4 0.6 9.4
11 3.1 0 6.3 0.5 4.4 1 13.2
12 2.5 0.1 5 0.5 34 0.8 13.5
2002 1 1.8 0.2 16 0 3.2 1.2 12.7
2 3 0.1 15 0.5 1.9 1.3 16.4
3 3.5 0.1 14.2 0.7 1.1 1.1 14.4
4 3.7 0.1 14.2 9.9 0.4 1.1 14.5
5 2.8 4 13.6 17.3 0.1 1.2 11
6 2.8 10.6 13.1 21.6 0 0.7 6.9
7 33 3.8 16 25.1 0 0.7 34
8 3.9 0.3 20.5 18.4 0 0.1 3.2
9 34 0.1 16.8 10.6 0.2 0.4 3.8
10 2.8 0 17.3 1 2.1 0.4 7.3
11 2.8 0 16.7 0.3 4.5 0.7 11.5
12 2.8 0 214 0.4 5 0.9 14.7
2003 1 2 0.1 4.4 0 2.9 1.3 15
2 2.2 0 5 0 2.9 3.1 14.4
3 2.8 0 55 0.3 2 0.9 15.2
4 2.4 0 35 6.9 0.2 0.9 14.8
5 33 1.3 2.4 15.3 0.1 0.9 11.3
6 3 9.6 1.1 24.6 0 0.6 6.8
7 3.2 7.1 0.1 29 0 0.4 3.2
8 4.4 1.2 0.2 20.6 0 0.2 2.4
9 3.6 0.2 1.1 9.1 0.1 0.7 3.4
10 3.4 0.1 22 1.4 1 0.4 71
11 34 0 5.5 1.2 3.3 1 13.1
12 37 0 6.5 0 3.3 0.8 14.5
2004 1 1.9 0 5.7 0 3.4 0.4 11.9
3.1 0.1 5.9 0 2.2 0.5 15.9
3 2.9 0 4.1 0.7 0.5 1.3 13.1
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Grapefruit Bananas

0.5
0.5
0.7
0.2
0.2
0.1
0.3
0.5
0.5
1.9
12
11
15
15
0.6
0.3
0
0.1
0.3
0.5
0.6
1.64
0.78
0.78
1.01
171
0.22
0.32
0.08
0.02
0.14
0.83
1.22

15.5
10
5.3
3.9
3.6

5

8.1
11.4
11.9
10
13.7
13.2
11.3
10.7
5.4
3.2
2.4
5.1
8.2
10.7
13.1
14.16
14.39
13.66
14.44
11.50
7.51
3.02
4.15
4.08
8.63
12.91
12.58



Appendix 2: Formulae for Methods of Treatment of Seasonal
Products

1. Year over Year Monthly Indices

For each month m=1,2,...,12, let S(m) denote the set of products that are available for
purchase in each year t=0,1,...,T. Fort=0,1,...,Tand m = 1,2,...,12, let p,""and q,""
denote the price and quantity of product n that is available in month m of year t for n
belongs to S(m). Then the year over year monthly Laspeyres, Paasche and Fisher
indices going from month m of year t to month m of year t+1, in price relative and
monthly revenue share form, can be defined as follows:

Po= Dstm(pitm/pt);  me12,..,12

neS(m)

-1
P, ZS;“’m(p;“’m/p;’m)‘l}; m=1.2,...,12;

neS(m)

PFZ\/ﬁ'

where the monthly revenue share for product neS(m) for month m in year t is defined
as:

pt,mqt,m
"=t m=1,2,...,12; neS(m); t=0,1,...,T

> pimam

ieS(m)

Approximate year over year monthly Laspeyres and Paasche indices are defined as
follows:

Pu= 2s0m(pm/pim);  m=12,...,12;

neS(m)
-1

Pae = ZSS’””(DL“*“‘/pL‘“’)_I © o m=1,2,...,12;

neS(m)

Where s, ™ is the base period monthly revenue share.

2. Year over Year Annual Indices

Using the notation introduced above, the Laspeyres and Paasche annual (chain link)
indices comparing the prices of year t with those of year t+1 can be defined as
follows:

— C t ~t,m t+1,m t,m
IDL Z Zamsn (pn /pn );

m=1 neS(m)

12 a7t
P, :[z zo_rtnus;n,m(prt]ﬂ,m / prtfm) :| ‘

m=1 neS(m)
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where the revenue share for month m in year t is defined as:

2. py"dy"

oy = m=12,...,12;t=0,1,....,T

Z Z ptl t|

i=1 jeS(i)
The current year weights, s,""and o, and s,""™ and 6, can be approximated by the
corresponding base year weights, s,”™ and o,,,.
There is no need to restrict attention to calendar year comparisons: any 12 consecutive
months of price and quantity data could be compared to the price and quantity data of
the base year, provided that the January data in the non-calendar year is compared to
the January data of the base year, the February data of the non-calendar year is
compared to the February data of the base year, ..., and the December data of the non-
calendar year is compared to the December data of the base year. Alterman, Diewert,
and Feenstra (1999; 70) called the resulting indices rolling year or moving year
indices.

3. Maximum Overlap Month to Month Price Indices

Let there be N products that are available in some month of some year and let p,"™
and q,"" denote the price and quantity of product n that is in the marketplace in month
m of year t (if the product is unavailable, define let p,"™ and q,"" to be 0). Let p"™ =
[p1"™,p2"",....px""] and "™ = [q,"™,q2"™,...,qn""] be the month m and year t price and
quantity vectors respectively. Let S(t,m) be the set of products that is present in month
m of year t and the following month.

Define the revenue shares of product n in month m and m+1 of year t, using the set of
products that are present in month m of year t and the subsequent month, as follows:

t,m t,m
(a) sy (t,m) = Zp:” tan]‘ tm; m=1,2,...,11; neS(t,m);
|eS(tmE)
L S A
(b) s, (t,m) = Z EEp tm+1; m=1,2,...,11; neS(t,m);
IeS(th))

tm+l t,m+1 t,m+1

(t,m) has to be distinguished from s, (t,m+1). The revenue share s, (t,m)
is the share of product n in month m+1 of year t but where n is restricted to the set of
products that are present in month m of year t and the subsequent month, whereas
s,"™"!(t,m+1) is the share of pruduct n in month m+1 of year t but where n is restricted
to the set of products that are present in month m+1 of year t and the subsequent
month.
If product n is present in month m of year t and the following month, define s,""(t,m)
using (a); if this is not the case, define s,""(t,m) = 0. Similarly, if product n is present
in month m of year t and the following month, define s,"™"(t,m) using (b); is this is
not the case, define s,"™"'(t,m) = 0.
Using these share definitions, Laspeyres and Paasche formulae can be written in
revenue share and price form as follows®:

*1t is important that the revenue shares that are used in an index number formula add up to unity. The
use of unadjusted expenditure shares would lead to a systematic bias in the index number formula.
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PL= Sstm,my(pitm/pim); m=1.2,..,11;

neS(t,m)
-1
Po=| Sst™em(pstm/pt )| s me12,00;
neS(t,m)
4, Annual Basket Indices

The Lowe index for month m is defined by the following formula:
N
2P,

Po = ”El
Y. Paa,
n=1

where p° = [p°....,px"] is the price reference period price vector, p™ = [pi™,...,px"] is
the current month m price vector and q = [qy,...,qn] 1S the weight reference year

quantity vector.
The Young (1812) index is defined as follows:

N
PY :zsn(pr:n/pr?)
n=l1

where s = [s,...,Sn] is the weight reference year vector of revenue shares.
The geometric Laspeyres index is defined as follows:

N
PaL =H(pnm/p§)s”
n=l1

Thus the geometric Laspeyres index makes use of the same information as the Young
index except that a geometric average of the price relatives is taken instead of
arithmetic one.

It is of interest to compare the above three indices that use annual baskets to the fixed
base Laspeyres rolling year indices. However, the rolling year index that ends in the
current month is centered five and a half months backwards. Hence the above annual
basket type indices may be compared with an arithmetic average of two rolling year
indices that have their last month 5 and 6 months forward. This latter centered rolling
year index is labeled Pcry and is mentioned in Figures 5 and 7 in the paper.

5. Bean and Stine Type C or Rothwell Indices
The Bean and Stine Type C (1924; 31) or Rothwell (1958; 72) index makes use of
seasonal baskets in the base year, denoted as the vectors ™™ for the months m =
1,2,...,12. The index also makes use of a vector of base year unit value prices, p0 =
[p1"....,ps’] where the nth price in this vector is defined as:

1

2
0,m0,m
2. P,
— m=l .

- 12 ’
0,m
P
m=1

0

Pn
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The Rothwell price index for month m in year t can now be defined as follows:

To make the different series more comparable, the normalized Rothwell index Png is
introduced; this index is simply equal to the original Rothwell index divided by its
first observation.

6. Forecasting Rolling Year Indices using Month to Month Annual Basket
Indices

For each of the series, Lowe, Young and Geometric Laspeyres, a seasonal adjustment
factor (SAF) is defined, as the centered rolling year index Pcry divided by Pro, Py
and PgL, respectively for the first 12 observations. Now for each of the three series,
repeat these 12 seasonal adjustment factors for the remaining observations. These
operations will create 3 SAF series for all the observations (label them SAF; o, SAFy
and SAFg,, respectively).

Finally, define seasonally adjusted Lowe, Young and Geometric Laspeyres indices by
multiplying each unadjusted index by the appropriate seasonal adjustment factor.

Plosa = PLoSAF 3 Py = B SAF, 1Py su = P SAF, .

A seasonally adjusted version of the Rothwell index presented in the paper may also
be defined in the same way.
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Appendix 3: Yearly month-over-month Laspeyres, Approximate Fisher, seasonal
adjusted Rothwell, Lowe and Centered Rolling Year Indices in the original
dataset, April-to-August watermelon participation, May-to-August and June-to-
August

Figure A: Yearly month-over-month Laspeyres Index for the original dataset, Aprl-to-August,
May-to-August and June-to-August watermelon participation
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Figure B: Yearly month-over-month approsimate Fisher Index for the original dataset, Aprl-to-
August, May-to-August and June-to-August watermelon participation
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Figure C: Seasonally adjusted Lower Index for the original dataset, Aprl-to-August, May-to-
August and June-to-August watermelon participation
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Figure D: Seasonally adjusted Rothwell Index for the original dataset, Aprl-to-August, May-to-
August and June-to-August watermelon participation
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Figure E: Centered Rolling Year Index for the original dataset, Aprl-to-August, May-to-August
and June-to-August watermelon participation
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