Time Series and Index Numbers


In our analyses in Chapters 12 and 13 we assumed that observations on the variables were obtained through random sampling; i.e., the observation in one period was independent of the observation in the following period.


Qn.: Under what circumstances is this assumption untenable? 





Sales data, housing starts, price data, all may exhibit dependence over time.





Measuring Changes in a Time Series


Index Numbers





An Index Number measures the change in a time series (quantity, price, wage) over time. One time period is chosen as the base period. The index number for the base period is always 100. Most data in CANSIM has 1981 as the base year, the year in which the price index was assigned the value of 100. The purpose of index numbers is to measure the periodic values in constant units (dollars, tons, people, etc.). In this section, we describe how to construct an index time series (or a time series of index numbers).





E.g. Wage index.


�
1970�
1975�
1980�
1985�
�
WAGE�
6.40�
7.05�
8.50�
10.90�
�
IINDEX 1970 = 100)�
100�
110.2�
132.8�
170.3�
�



To compute the wage indices for 1975, 1980 and 1985 using 1970 as the base year, we compute the ratio for each pair of wages (expressed as a percentage of the 1970 wage). 





I1975 = �EMBED Equation.3���	I1980 = �EMBED Equation.3���	I1985 = �EMBED Equation.3���


�
2. Price Indices


Price indices are used to compare prices from one year to the next.





Simple Aggregate Price Index





An index that includes more than one item is an aggregate index. We first examine the Simple Aggregate Price Index. This index is the sum of all prices in reference year expressed as a ratio of the sum of all prices in the base year. The aggregate price index shows price movements for a group of items. 





Item�
1975�
1985�
�
Eggs�
0.75 (doz)�
1.35 (doz)�
�
Chicken �
0.95 (lb)�
1.79 (lb)�
�
Cheese�
0.89 (lb)�
1.85 (lb)�
�
Auto Battery�
$31.00 each�
$55.00 each�
�



I1985 = �EMBED Equation.3���


Let P1 = price in the reference year (1985).


Let P0 = price in the base year (1975).


I1985 = �EMBED Equation.3��� = �EMBED Equation.3����EMBED Equation.3���


Interpretation: Based on the prices of these four items, all prices increased by 78.6%.





Problems with the Simple Aggregate Price Index





Sample may not be representative of the population of all price changes over the time period.


Does not take account of the quantities of the items that are actually consumed. A significant change in the price of any single item will have a dramatic effect on the index. 


�
Because of these problems, we usually what we call a weighted aggregate price index. The quantity of each item is restricted in the calculation of the price index. Because the quantities are used as weights in the calculation, the index reflects the changes in purchasing power. 





Choice of units: In selecting the quantities consumed, we have two options 


use the quantities for the base year.


use the quantities for the current year.





If we use the base year weights, the resulting index is called Laspeyres index. If we use the reference year quantities as weights, the resulting index is called Paasche index.





Weighted Aggregate Price index


Item�
1975�
1985�
�
�
P0�
Q0�
P0Q0�
P1�
Q1�
P1Q0�
�
Lube�
3.50�
2�
� =product(LEFT) �7��
5.00�
1�
10�
�
Oil Change�
9.50�
3�
� =product(left) �28.5��
13.00�
2�
39.0�
�
Tune Up�
29.95�
1�
� =product(left) �29.95��
39.95�
1�
39.95�
�
New Tyres�
35.95�
2�
� =product(left) �71.9��
49.00�
2�
98.0�
�
�
�
�
�EMBED Equation.3���= 


� =SUM(ABOVE) �137.35��
�
�
�EMBED Equation.3��� = 


� =SUM(ABOVE) �186.95��
�



Choice of units: 


1. Base year quantities - The Laspeyres Index


L = �EMBED Equation.3���


There is an increase of 36.1% in the total expenditure on 1975 consumption between 1975 and 1985.


Current year quantities - The Paasche Index


Item�
1975�
1985�
�
�
P0�
Q0�
P0Q1�
P1�
Q1�
P1Q1�
�
Lube�
3.50�
2�
3.50�
5.00�
1�
5�
�
Oil Change�
9.50�
3�
19�
13.00�
2�
26.0�
�
Tune Up�
29.95�
1�
� =product(left) �29.95��
39.95�
1�
39.95�
�
New Tyres�
35.95�
2�
79.9�
49.00�
2�
98.0�
�
�
�
�
�EMBED Equation.3���= 


� =SUM(ABOVE) �132.35��
�
�
�EMBED Equation.3��� = 


� =SUM(ABOVE) �168.95��
�






P = �EMBED Equation.3���


There is an increase of 27.6% in the total expenditure on 1975 consumption between 1975 and 1985.


�
Problems with the Laspeyres Index


Assumes a fixed consumption pattern over time even when prices are changing.


In periods of rising prices, the Laspeyres index will tend to overestimate the inflation.





Problems with the Paasche’s Index


Requires the calculation of new weights in every reference year - too costly.


In periods of rising prices, the Paasche’s index will tend to underestimate the inflation.





The Fisher’s ideal index.


This is the geometric mean of the Laspeyres and Paasche’s indices. The Fisher’s index overcomes the problems of both indices.





Spliced Index





From time to time, the indices have to be updated by changing the base year. All indices are adjusted accordingly to reflect the new base year. The new (adjusted) index is called a spliced index. An example is shown in the Table below. 





YEAR�
BASE YEAR: 1�
BASE YEAR: 6�
SPLICED INDICES�
�
1�
100�
�
(100/198)100 = 50.5�
�
2�
92�
�
(92/198)100 = 46.4�
�
3�
131.2�
�
(131/198)100 = 66.1�
�
4�
212.0�
�
106.8�
�
5�
243.0�
�
 122.4�
�
6�
198.5�
100�
100.0�
�
7�
�
94.0�
94.0�
�
8�
�
86.7�
86.7�
�
9�
�
94.9�
94.9�
�
10�
�
107.0�
107.0�
�
�
�
�
�
�



