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Report of the Technical Advisory Group on
Development of Leading Economic Indicators for the
Indian Economy

Section - |

Introduction

I.1 Genesis of the Group

1.1

1.2

In view of the need for monitoring the movements of the Indian economy
on a regular basis it has been felt necessary to develop coincident,
leading and lagging economic indicators based on appropriate
methodology and the international best practices. Accordingly, the
Reserve Bank of India has set up a Technical Advisory Group on
'Development of Leading Economic Indicators for Indian Economy', vide,

Memorandum issued by Deputy Governor, Dr. Rakesh Mohan on

March 1, 2006 (Annex I).
The constitution of the Technical Advisory Group is as follows:

Dr. R B Barman Chairman
Executive Director

Reserve Bank of India

Mumbai - 400001

Prof. Pami Dua Member
Center for Development Economics

Delhi School of Economics

Delhi University

Delhi 110 007

Prof. Ashima Goyal Member
Indira Gandbhi Institute of Development Research

Goregaon (East)

Mumbai 400 065



1.3

Prof. Neeraj Hatekar Member
Dept. of Economics

Mumbai University

Vidyanagari Marg

Mumbai 400098

Prof. Amita Majumder, Member
Economic Research Unit,

Indian Statistical Institute,

203, B. T. Road,

Kolkata - 700 108

Principal Adviser Member
Department of Statistical Analysis and Computer Services
Reserve Bank of India

Adviser-In-Charge Member
Monetary Policy Department
Reserve Bank of India

Adviser Member
Econometrics Division

Department of Economic Analysis and Policy

Reserve Bank of India

Adviser Member- Secretary

Forecasting Division
Department of Statistical Analysis and Computer Services
Reserve Bank of India

The Terms of Reference of the Technical Advisory Group are as given

below:

To suggest a feasible methodological framework for construction of co-
incident, leading and lagging indicators and composite index for the Indian
economy, with a view to assist monetary policy formulation, and to guide

and oversee its implementation.

To recommend modalities of outsourcing the work for construction of

indicators by appropriate external agency or institution, including scope of

work and deliverables.



(i)

(iv)

1.4

1.2
15

To evaluate the work of the external agency and recommend its
acceptance by the Bank.

Any other issue as deemed necessary for development of indicators on
business cycle.

The memorandum authorized the Technical Advisory Group to co-opt any
other person/s for specific deliberations.

Scheme of the Report
The Group deliberated on several issues regarding the development of the
leading economic indicators during the two meetings held in Mumbai. In
the First Meeting, graced by Deputy Governor Dr. Rakesh Mohan, the
issues regarding the selection of reference series and methodology for
construction of the composite leading economic indicators were
discussed. In the Second Meeting chaired by Executive Director Dr. R. B.
Barman, the empirical results, based on the suggestions received in the
First Meeting were discussed. Based on these deliberations and the
background empirical work undertaken, the Group finalised the Report.
The Report is organized as follows. The Report is divided into six sections.
Section Il provides a brief description of Business Cycles. Section Il
covers a brief discussion about the methodologies. Section IV discusses
the application of leading economic indicators, both, international and
Indian and experiences gained. The details of empirical work done for
estimation of cyclical components and construction of the Composite
Index of Leading Indicators using growth cycle and growth rate cycle
methodologies are discussed in Section V. In Section VI, Composite Index
of Coincident Indicators is prescribed. Section VII concludes with

Recommendations of the Group.



1.3
16

Acknowledgements

The Group would like to thank Dr. Rakesh Mohan, Deputy Governor,
Reserve Bank of India for his invaluable insights made during the First
Meeting. The Group is thankful to Dr. A.K. Tripathi, Assistant Adviser and
Shri S. Bordoloi, Research Officer of the Forecasting Division for their
untiring contribution towards completion of this Report. Perhaps, without
their support, the Report would not have been completed within stipulated
time. The Group is thankful to the Principal Adviser, Department of
Statistical Analysis and Computer Services for providing all the facilities
for perusing the work and the arrangements for the Meetings.



Section - |l
Business Cycles — A Brief Description

11.1. Definition

2.1.

2.2.

2.3.

2.4.

The economic activity generally oscillates between the phases of expansion
and contractions. Understanding the periodicity of expansionary and
contractionary phases of economic activity has become the focus of macro-
economic research, under the purview of business cycle. The study of
business cycle enables the policy makers to trigger timely appropriate policy
action in order to bring back the economic system to the desired path.

The classical definition of business cycles, as proposed by Burns and Mitchell
(1946), is "Business cycles are a type of fluctuations found in the aggregate
economic activity of nations that organize their work mainly in business
enterprises: a cycle consist of expansions occurring at about the same time in
many economic activities, followed by similarly general recessions,
contractions and revivals which merge into the expansion phase of the next
cycle; this sequence of changes is recurrent but not periodic. In duration,
business cycles vary from more than one year to ten or twelve years; they are
not divisible into shorter cycles of similar character with amplitudes

approximating their own".

These observations form the basis of the classic definition of business cycles
in market economies established by Mitchell in 1927. The key features are:
Business Cycles are fluctuations in aggregate economic activity.

A cycle consists of simultaneous expansions in many economic activities,
followed by similar general recessions.

This sequence of changes is recurrent but not periodic; cycles can last from
one year to ten or twelve years.

They are not divisible into shorter cycles of similar magnitude and character.

There are three main approaches to business cycle analysis, viz., Classical
Cycles, Growth Cycles and Growth Rate Cycles.



e The Classical business cycle measures the ups and downs of the economy
with absolute levels of the aggregate economic activity. Burns and Mitchell
(1946) defined the aggregate economic activity as the average of several
economic activities, known as the Coincidental Index. Through the
movements in the absolute level of this Coincidental Index, the different
phases of the economy was determined. One of the most popular rule-of-
thumb designates a recession as at least two successive quarters of decline
in the Coincident Index. Such a rule is however neither a necessary nor a
sufficient condition always to determine the recession, as it occurred during

some recessions' in Japan.

e A growth cycle traces the ups and downs through deviations of the actual
growth rate of the economy from its long-run trend rate of growth. In other
words, a speedup (slowdown) in economic activity means growth higher
(lower) than the long-run trend rate of growth. The high growth phase
coincide with the business cycle recovery and the expansion mid-way while
the low growth phase corresponds to slowdown leading to recession. In other
words, classical business cycles are measured in the level of time series,
while growth cycles are measured in the deviation-from-trend series. Thus, a
growth cycle contractions reflects slowdowns or absolute declines in activity,
whereas, business cycles contractions include only absolute declines.

e Growth rate cycles are simply the cyclical upswings and downswings in the
growth rate of economic activity. The most common form of the growth rates
is the month-to-month changes or the same-month-year-ago growth rates. As
the former yields relatively noisy series, generally, the latter is preferred. As
an alternative, the growth rate for the monthly series is estimated based on
the conception of “six-month smoothed growth rate”, which is based on the
ratio of the latest month’s figure to its average over the preceding twelve

" Generally, the Gross Domestic Product (GDP) covers most of the economic activities in an economy.
During the mid-1970's, Japan experienced its worst recession, during which there were severe and
prolonged declines in Japanese industrial production, employment, retail sales, wages and salary income.
However, Japanese GDP declined in the first quarter of 1974, increased for the next two quarters, and again
declined in the fourth quarter. This violates the 'two-down-quarter rule'. (Extracted from Dua and Banerji
(2001)).



months and hence centered about six-months before the latest month. For
quarterly series, the growth rate is estimated based on the concept of "two-
quarter smoothed growth rate". However, among the three, business cycles
and growth rate cycles are more suitable for real time monitoring and
forecasting, while growth cycles are said to be more suitable for historical

analysis®.

2.5. Practically, extraction of 'growth cycles' is a difficult task due to certain
problems in estimating trend. Though there are several techniques, such as,
Hodrick-Prescott (HP) ? filter, Band- Pass (BP)* filter, Phase Average Trend
(PAT) etc., which are widely used for the purpose, the general consensus is
that measuring 'growth cycles' accurately on real-time basis is practically
difficult.

2.6. For a measurement of the business cycle, one has to observe a benchmark
series, known as the reference series. The reference series encompasses
the overall economic activity and could be adopted for policy purposes. Such
a series may be a single series (indicator) or it may be a combination of
certain economic series. A single indicator may at times produces false
signals, and hence the latter may be preferred. To provide a more
comprehensive measure of economic activity, the Composite Index of
Coincidental Indicators (CICl) has been developed in many countries. The
CICI are based on a basket of economic indicators, which represents the

current economic activity.

2.7. Broadly, there are three types of indicators, viz., leading, coincidental and
lagging indicators. The leading index, which combines the series that tend to
lead at business cycle turns, provides a measure of expectation in the near
future. The coincident index, comprising of indicators that measure the
current economic performance is used to represent the level of current

economic activity. On the other hand, the lagging index is a combination of

% Klein, P.A. (1998)
3 See Annex-ILA.
* See Annex-11.B.



indicators that reach their turning points after the peaks and troughs of the
coincident indicators, helps to clarify and confirm the underlying pattern of the
economic activity.

11.2. Identifying Potential Economic Indicators

2.8.

2.9.

2.10.

The choice of economic indicators is a very sensitive issue as the forecast
performance depends on the quality of the indicators. The indicators should
cover all the broad sectors in the economy, viz., real sector, financial sector,

government sector, external sector, etc.

Generally indicators are identified based on some economic rationales. As
suggested by De Leeuw (1991), selection of a leading indicator may be
justified by one or more of the following five rationales:

e Production Time — the fact that for many goods it takes months or
even years between the decision to produce and actual production.

e FEase of Adaptation — the fact that certain dimensions of economic
activity have lower costs of short-run variations than others (e.g.,
weekly hours compared with employment)

e Market Expectations — the fact that some time-series tend to reflect, or
to be especially sensitive to, anticipation about future economic
activity.

e Prime Movers — the view that fluctuations in economic activity are
driven basically by a few measurable forces, such as monetary and
fiscal policies.

e Change-versus-Level — the view that changes in economic time series

generally turn up or down before levels.

Silver (1991) suggested the following six criteria to judge the quality of an
indicator. The quality of an indicator is judged through some pre-defined
criteria, set as per need and purpose of the analysis. In determining the
usefulness of an indicator, the traditional National Bureau of Economic
Research (NBER) approach applied the following six criteria to a series:



e Economic Significance — how well understood and how important is
the role of variables in business cycles?

e Statistical Adequacy — how well does the series measure the
economic variable or process?

e Timing — how consistently has the series led the economy at turning
points?

e Conformity — how regularly has the indicator conformed to the
business cycle at large?

e Smoothness — how easily can one discriminate between non-random
movements of the series and the irregular component?

e Timeliness — how promptly is the series available?

Under this strategy, a score is awarded for each criterion and an overall score
for each indicator under consideration is worked out. The indicators to be
used for forecasting the overall economic activity are then chosen from these
indicators on the basis of their overall scores.

2.11. The selection of individual indicator to construct composite indicators follows
certain steps®

e Prepare an exhaustive list and form a database of time series
consisting of several variables.

e Group chosen variables into few important categories, each
representing a broad sector.

e Subject variables in each sector to certain econometric procedures,
like, unit root tests, co-integration tests etc.

2.12. The appropriateness of an indicator may also be assessed, through its
turning points, vis-a-vis., the reference series. For assessing the
appropriateness of a Leading Indicator (LI), the point-to-point lead periods
may be estimated. The standard deviation of these point-to-point leads will
give the extent to which the estimated lead period of the Ll is reliable. The
lead period of a LI may be estimated by measuring median or mean lead. For

3 Simone (2001).

10



evaluation of the length of the lead, the median lead is preferred to the mean,
as the mean lead is strongly affected by extreme values.

I1.5. Constructing Composite Indicator Index

2.13. The construction of leading, coincident and lagging indicators is important
from the viewpoint of forecasting business cycles, particularly its turning
points. Knowledge about the turning points is particularly important as most of
forecasts go wrong at these points because the projections are generally
based on linear models and the linear relationship characterized by a
particular linear model breaks down around the turning points. From the
viewpoint of the monetary policy, which involves transmission lags, correct
forecasting of turning points is immensely important so as to facilitate
appropriate policy actions to counter overheating or excessive downturns in

the aggregate economic activity.

11



Section Il

Methodology for the estimation of the
Growth Cycle and Growth Rate Cycle and

Construction of the Composite Index of Leading Indicators

lll.1. Estimation of the Growth Cycles

3.1.

3.2.

3.3.

3.4.

3.5.

The first step involved in the estimation of the growth cycle is the
adjustment for seasonality, as the seasonal movement may obscure the
cyclical movements and hence needs to be eliminated first. There exist
various methods for seasonal adjustments in the literature, viz., Moving
Average method, X-12-ARIMA, Tramo- Seats, etc.

In the second step, one requires to estimate the trend component and
eliminate it from the seasonally adjusted data. Among the various
methods for estimation of the trend, the most popular method includes the
Hodrick- Prescott (HP) filter, the Band- Pass (BP) filter, the Exponential
Smoothing method and the Phase Average Trend (PAT).

The total area below the spectral density corresponds to the variance of
the series, and the height at any given frequency provides a measure of
the variance for that particular frequency. The method that explains the
larger proportion of spectral mass in the range of business cycle
frequencies may be selected for estimation of the growth cycles.

As the estimated cycles may have presence of volatility, some smoothing
is required to sort out the short-term irregular component. Generally
moving average method is applied to reduce the short-lived volatility. The
moving average may be a simple equal weighted centered moving
average or weighted moving average. The length of the moving average
is generally determined from the standardized spectral density, at
frequencies corresponding to periods of less than a year.

The smoothend series, resulting from the above three steps, are used for
obtaining the growth cycles.

12



lll.2. Estimation of the Growth Rate Cycles

3.6.

3.7.

Growth rate cycles are the simple cyclical upswings and downswings in
the growth rate of the economic activity. The growth rates are estimated
as the simple annual point-to-point growth rates.

As the growth rate cycles estimated as above is expected to be quite
volatile, smoothing may be required to eliminate these short-term volatile
component, if required. Smoothing can be done through the application of
moving average method described above.

llL.3. Identifying the Turning Points

3.8.

3.9.

3.10.

Turning points for the reference series and the indicator series are
determined based on the smoothed series described above. For
identification of the turning points, one may adopt the Bry and Boschan
rule (1971) or the Artis et al. rule (1995).

The Bry- Boschan procedure suggests the following rules for identification
of the turning points:

Peaks (troughs) are always followed by troughs (peaks).

The duration of an upswing and downswing regime to be at least six
months.

The minimum length required for any two alternate turning points (a cycle
of peak to peak or trough to trough) is 15 months to distinguish business
cycle from seasonal cycles.

Turning points within 6-months of the beginning or at the end of the time
series are eliminated.

A turning point is the most extreme value between two adjacent regimes.
If there are two or more equal values satisfying the first three
requirements, the most recent is chosen as the turning point of the

regime.

Artis op cit. procedure is based on the following four rules, to identify the
turning points:

13



e Peaks (troughs) will always follow trough (peaks).

e The duration of an upswing or downswing regime to be at least 9-
months.

e A turning point is the most extreme value between two adjacent
regimes.

e |f there are two or more equal values satisfying the first three
requirements, the most recent is chosen as the turning point of the

regime.

lll.4. Assessing the quality of Indicators
3.11. The mean and standard deviation of leads give partial information about
the leading quality of a LI. The efficiency of a LI also depends upon its
success in indicating the turning points of the target series in advance. A
good indicator should predict each of the turning points in advance devoid
of any false signals. A measure of the efficiency is defined as®

where n = the measure of efficiency, o = the standard deviation of all
leads of the LI with respect to the reference series, T = number of points
in which the indicator leads the nearest turning point in the reference
series, N = number of turning points identified in the reference series, H =
number of turning points identified in the indicator.

3.12. For evaluation of the candidate Indicators for their cyclical performance,
Organisation for Economic Co-operation and Development (OECD,
2006a) has set a number of statistical methods; both classical descriptive
and univariate methods based on the National Bureau of Economic
Research (NBER) approach and multivariate methods such as dynamic
factor models.

® Cabrero and Delriue (1996).

14



Turning point analysis: The performance of an indicator may be
examined through its behavior at cyclical turning points of the
reference series, i.e., peak-and-trough analysis. Generally, statistics
are assembled on each indicator's behavior at cyclical turning points.
This includes the mean/ median leads, the mean deviation from the
median and the number of extra or missing cycles compared to the

reference series.

Cross-correlation: This analysis is used to complement the peak-
and-trough analysis regarding the average lead of the indicator and to
give information about the extent to which the cyclical profiles of
indicator and reference series resemble each other. In testing the
general fit, cross-correlation between lagged cyclical indicators and
reference series is used. The number of months lag at which the
correlation has the highest value is a guide to the average lead of the
indicator over the reference series and the correlation coefficient
shows the extent to which the cyclical profiles of composite indicator
resemble each other. However, this method has limitations. First, it
measures only the linear relationship between the variables and
second, the presence of extreme values can affect the estimate of the
cross-correlation coefficient. The average lead of the cyclical
indicator, as measured by the lag at which the closest correlation
occurs, should not be too different from the median lag at all turning
points if the composite indicator is to give reliable information both
about approaching turning points as well as the evolution of the

reference series.

Coherence and mean delay: Cross-spectral analysis decomposes a
time series into a series of frequencies representing fixed-length
cycles and is used to assess the strength of the wavelength
relationship between the indicator and the reference series. For
determination of the lead/ lag of the indicator against the reference
series, generally two statistics are applied: the coherence and mean
delay. Coherence measures the proportion of variance explained by

15



3.13.

the indicator at a given frequency of the reference series. Mean delay
measures the time difference between the indicator and the reference
series. For business cycle analysis, the periodicity range of 2 to 8
years is of primary interest, and thus a high coherence within this
period is evidence that the indicator contains information related to the
cyclical behaviour of the reference series.

Dynamic factor analysis: Factor models are used to extract the
common information from a set of indicators, which is then used for
the construction of a composite indicator. The common component of
each indicator is estimated by eliminating the noise or short-term
irregularities affecting each indicator. In dynamic factor models, the
cyclical timing classification of the indicators with respect to the
reference series is a by-product of the decomposition procedure. The
cross-correlation between the common component of each indicator
and the common component of the reference series is used to identify
indicators as leading, coincident and lagging in relation to the
reference series. High correlations at positive (negative) lags indicate
a leading (lagging) behavior of the indicator with respect to the
reference series. Indicators with the highest correlation at zero lag are
classified as coincident with respect to the reference series.

To reduce the number of indicators a selection is performed on the results

by a screening procedure based on certain criteria related to the cyclical

performance of the indicators. Indicators may be included in the final set

of indicators if they are accepted on more than four/ five of the following

eight criteria:

Coherence

Cross-correlation

Mean delay

Turning point analysis

Indicators with values above 0.30 are accepted
Indicators with a correlation coefficient above
0.5 and at peak-correlation leads above certain
periods (say, about 6 months) are accepted

Indicators classified as leading and coincident
are accepted

Indicators with a median leads above certain

16




periods at cyclical turning points are accepted

Common component Indicators with ratio values above 0.30 of
variance common component variance over indicator
variance are accepted

Common component Indicators with a correlation coefficient above
cross- correlation 0.50 and peak-correlation at positive (leading
behavior) or zero lags are accepted.

Cyclical classification  Indicators classified as coincident or leading are
accepted

3.14. The Quadratic Probability Score’ (QPS) of each indicator may also be
used to evaluate the quality of the indicator. The QPS is defined as

N

OPS I =S (P~ k)’

t=1

where P denotes the predicted outcomes from a indicator and R is the
observed realization in the reference series, both equal to one for a
turning point and zero otherwise. N is the total number of sample
observations. By construction, the value of QPS ranges between zero
and two, with zero indicating perfect prediction and two indicating no
single correct signal from an indicator. [H;, Hy] is the prediction window,
which is used to determine whether a predicted outcome represents a
correct signal or a false one when it takes the value of one, and whether
or not it has missed a turning point when taking the value of zero.

lll.5. Selection of the Leading Indicators
3.15. After identification of the turning points, the next step is the selection of
the appropriate leading indicators from the set of all indicators. Selections
of the indicators can be done through cross correlation analysis®, spectral
analysis or Self-Organising Maps.

3.16. The simple product correlation co-efficient between the reference series
and the leading indicators gives an idea about the information contained
in the indicator about the reference series. A higher magnitude of the

" Diebold and Rudebusch (1999).
8 Bikker and Kennedy (1999).

17



3.17.

correlation co-efficient indicates the existence of better information
contained in the indicator.

Self-Organising Map (SOM) is generally applied for the purpose of
clustering. Through the application of a SOM the indicators can be
classified into different clusters, based on certain features contained in
the indicators. Selection may be restricted among those indicators, which

fall in the same cluster along with the reference series.

lll.6. Construction of the Composite Index of Leading Indicators

3.18.

3.19.

Composite Index of Leading Indicators (CILI) may be constructed
following several competing methodologies — some in linear framework
and others in non-linear framework. A few of these methodologies are
discussed below:

Linear Framework:

e The aggregation of important indicators can be accomplished by
constructing a 'diffusion index', which measures the proportion of
indicators of economic activity that are experiencing expansion over a
given span of time.

e An alternative way to construct a composite indicator is to, first
normalize the cyclical components of all the indicators, say to mean
100 and unit variance. Standardization of the components helps in
preventing the more volatile components from dominating the
combined index. The composite leading index series may be obtained
by simple addition of the standardized cyclical components of the
indicators.

e Another way is to attach weights to the indicators based on their

predictive power in explaining the reference series. In this case, the
method of principal component may be adopted. Another popular

18



method is the Stock and Watson® approach. Their approach
formalizes the idea of NBER approach by proposing that a reference
cycle can be measured by looking at the co-movements across
several indicators by identifying the common trend in them. The single
unobserved '‘common trend' in the selected indicators was considered

as the estimate of the composite indicator.

Recently, Simone'® has proposed to use Autoregressive Distributed
Lag (ARDL) model for constructing composite indicators. A small
ARDL model of real GDP was estimated for the purpose. The basic
steps may be described as follows:

3.19.1. An indicator that is individually co-integrated with real GDP is used

as a starting point. Other indicators are added to the regression
one at a time. Once an indicator is added, the expanded vector is
also tested for co-integration.

3.19.2. The unrestricted models are tested to see if the contemporaneous

indicators could be eliminated. If they could be, then it means that
only past information for a indicator can be used to forecast real
GDP. The unrestricted model that has this property is considered
to be a candidate to construct a leading indicator.

3.19.8. The several models selected using this process are ranked

according to the fit as well as out-of-sample forecast performance.

3.20. Non-Linear Framework

For forecasting turning points, 'Probit model'' or 'Logistic models'?

are alternative methods, where all the indicators are combined
through discrete regression analysis. For a simple application of this
technique, one has to generate a series, representing value '1' for the
periods of recession and value '0' for other time points for the
reference series. This series is then regressed on the all selected

? Stock and Watson (1991).

10 Simone (2001).

" Estrella and Mishkin (1996); Lamy (1997); Mensah and Tkacz (1998); Gaudreault and Lamy (2002).
12 Birchenhall et.al. (1999).

19



indicators in the probit framework. The methodology of the probit
approach is described in Annex II-C.

/173

The 'Markov-switching autoregressive model”” is also an alternative

way to forecast the turning points.

The non-linearity in economic activity can be analyzed via global non-
linear approximates also, such as the Artificial Neural Network

models'.

3.21. Before we present the estimated CILI for the Indian economy, we present

a brief review of the earlier work done in the area, internationally and for

the Indian economy.

¥ Hamilton (1989)
Qi (2001).
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Section IV

Application of Leading Indicators

IV.1. International Experience

4.1.

4.2.

4.3.

The Leading Indicator approach originates from the works of Burns and
Mitchell at the NBER in the US in the mid-1930's. This was used to study
macroeconomic data and forecast the waves of economic expansion and
contraction. Over the years the approach was developed at the NBER
under the leadership of G.H. Moore. He later founded the Economic Cycle
Research Institute (ECRI).

ECRI's founder, Dr. Geoffrey Moore, established the first list of leading
economic indicators of recession and recovery in 1950. The first leading
indicators were:

Sensitive commodity prices

Average workweek (manufacturing)

Commercial and industrial building contracts

New incorporations

New orders

Housing starts

Stock price index

Business failure liabilities

The ECRI compiles leading, coincidental and lagging indicators for twenty
countries all over the world, viz., the United States, Canada, France,
Germany, Mexico, United Kingdom, ltaly, Spain, Switzerland, Sweden,
Austria, Japan, China, India, Korea, Australia, Taiwan, New Zealand, South
Africa and Jordan. The growth rate cycles and business cycle, both
methodologies are followed by the ECRI. The reference series is the real
GDP.

The U.S. Conference Board publishes leading, coincident and lagging
indices to signal peaks and troughs in the business cycle for nine countries,
viz., the United States, Australia, France, Germany, Japan, Korea, Mexico,

21



4.4.

4.5.

Spain and the United Kingdom, around the world. The CLI for the countries
are based on the 'growth rate cycles'.

During the early 1980s, the Organization of Economic Cooperation and
Development (OECD) developed its system of composite leading indicators
and business cycle analysis to provide early signals of turning points in
economic activity. Currently the OECD compiles CLI for 29 of its 30
member countries and for six non-members countries. The six non-
members countries include India also. The OECD CLI is based on the
‘growth cycle' approach. Their indicator system uses univariate analysis to
estimate trend and cycles individually for each component series and then
a CLI is obtained by aggregation of the resulting de-trended component.

The National Statistical Coordination Board (NSCB), Philippines, compiles
the CLI for the Philippine economy. The non-agriculture component of GDP

is taken as the reference series. The CLI is based on the 'growth cycle
approach.

IV.2. Present status of work in the Indian context

4.6.

4.7.

There have been a large number of studies on indicators for the Indian
economy, generally on individual basis. Select studies in the context of the
Indian economy are briefly discussed here. The list of indicators for some
selected studies are provided in Annexure- VI.

Chitre (1991) presented evidence of synchronous movements in respect of
a large number of key economic processes including non-agricultural Net
National Product, industrial production, capital formation, money stock,
bank credit, etc. The study analysed 94 monthly time series for the period
1951 to 1982 in order to prepare a list of indicators for business recessions
and revivals in Indian economy and studied the leads and lags of the
turning points of the growth cycle in individual series in relation to the
turning points of the cycle in the overall economy. The cyclical component
was estimated as the ratio of the de-seasonalised and the de-trended
series. Finally, eleven indicators viz., lIP-General index, [IP-Capital goods,
[IP-Intermediate goods, [IP-Consumer non-durables, Production of cement,
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Production of electricity, Exports, Imports, Railway wagons loaded, Change
in bank credit and Cheque clearance (amount) were selected after
considerable experimentation to determine the reference dates giving the
cyclical turning points in India's overall economic activity. The overall
reference cycle was estimated based on these indicators using three
different methods, viz., the diffusion index, the composite index and the first
principal component index. The three indices yielded more or less similar
reference dates (peaks and troughs). In the study, lead, lag and coincident
indicators at peak and at trough were also identified based on the
relationship between the movements of individual cycles and the reference
cycle.

4.8. Dua and Baneriji*® followed the classical NBER approach to estimate the
reference chronologies of Indian business cycles and the growth rate
cycles. The study focused on the approach for construction of composite
co-incident index. The study identified leading and coincident indicators,
constructed composite index for both and examined their performance for
dating the recessions and to anticipate business cycle and growth rate
cycle upturns and downturns. Six business cycle recessions in the Indian
economy were reported. It was also observed that Indian business cycles
have averaged over six years in length, with recessions averaging just less
than a year and expansions just over five years. The Indian growth rate
cycles were also reported. However, the details of the component series
used for construction of the indicators were not published in the above
study.

4.9. Hatekar'® used annual data for the period 1950-85 and described individual
historical path of major macroeconomic variables and their comovements
with other variables. The study tested the real business cycle proposition
that nominal magnitudes and real money balances cannot be exogeneous
during mechanisms of the business cycle.

' Dua and Banerji (2001).
16 Hatekar (1993).
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4.10.

4.11.

4.12.

Gangopadhyay and Wadhwa (1997) used monthly data on IIP for the
period 1975:Q2 to 1995:Q1 for obtaining the chronology of Indian business
cycles using deterministic trend (annual growth rate of six per cent). They
also attempted to forecast the level of annual GDP using monthly data on
[IP which they argued could also be used to update the forecast of GDP
especially once the data for the first half of the fiscal year is available.

Mall (1999) characterized Indian business cycles based on the non-
agricultural GDP as the reference series as its cyclical components were
found to have strong relation with the cyclical components of overall GDP,
private consumption, investment, manufacturing output, domestic trade, IIP,
private corporate sales and vale added. The turning points of IIP-
Manufacturing were found to be roughly coincident with major output
variables in the non-agricultural sector of the economy. A composite index
of leading indicators with 14 components for IIP-manufacturing was
developed with a forecast horizon of two quarters.

OECD (2006b) has recently developed a CLI for India. The CLI is
developed based on the growth cycle methodology, with the monthly series
of index of industrial production (lIP), excluding construction, has been
taken as the reference series. Eight leading indicators, viz.,, Business
Confidence index (NCAER), Imports, Money Supply (M1), Exchange rate
INR/USD, Deposit interest rate, Share stock prices (BSE), IIP- Basic Goods
and IIP- Intermediate Goods were identified as the potential indicators for
computing the CLI. The CLI for India showed a median lead of only one
month at all turning points over the two cycles in |IP registered since 1995.
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Section V

Estimation of the Cyclical Components and Construction of the

Composite Index of Leading Indicators

V.1. Data Aspects

5.1.

The existing information base for leading indicators for the Indian
economy includes national income aggregates, index of industrial
production, capital markets, monetary and banking statistics, price
statistics, fiscal statistics, trade data, etc.

V.1.1. Selection of the Reference Series

5.2.

5.3.

Among the single series, ideally, the Gross Domestic Product (GDP) may
be adopted as the reference series, as it represents almost all aspects of

the economic activities.

In the context of the Indian economy, the agricultural sector depends on
monsoon performance and due to which GDP is highly volatile. Keeping
this in view, the Group, in the First Meeting, decided to consider the Non-
Agriculture GDP as the reference series. The Working Group on
Economic Indicators (2002), set up by the Reserve Bank of India also
suggested that the Non-Agriculture GDP might be used as the reference
series for business cycle in India. The quarterly GDP in India are
presently available from the first quarter of 1990-91 onwards. Thus the
Group decided that Non-Agricultural GDP at quarterly level should be
used as a reference series for developing leading indicators. The Group
also felt that a track of the movement of the economic activities at a
higher frequency would be of immense help, especially from the monetary
policy point of view. In view of this, it was decided also to consider a
monthly series for the analysis, for which the industrial production was

considered as a reference series.

7 For volatility in the agriculture sector see Annex- V.
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V.1.2. Data Sources
5.4. The indicators used for the empirical analysis are collected from the
Centre for Monitoring Indian Economy (CMIE), Central Statistical
Organisation (CSO), Reserve Bank of India database, OECD and the US
Bureau of Economic Analysis. From these databases, 44 indicators were
selected initially for the analysis in all. The list of indicators along with the
data sources is provided in Annex VI.

V.1.3. Selection of the Leading Indicators

5.5.  For selection of the indicators, initially the Report followed two alternative
methods, viz., through the cross- correlation and through the Self-
Organising Map (SOM). The empirical findings through SOM were not
found to be very encouraging, and this clustering could not provide
direction for further analysis. The clustering of the indicators based on the
SOM is presented in Annex — VIII A & B. For further analysis, the Report
adopted the cross correlation analysis.

V.2. Leading Indicators for the monthly reference series —
Index of Industrial Production

V.2.1. Estimation of the Growth Cycle

5.6. For the purpose of this Report, the seasonally adjusted series are
obtained by applying the X-12-ARIMA method.

5.7. Among the various methods to estimate the trend, the Report initially
adopted two methods, viz., the HP- and BP filters.

5.8. The growth cycles for the reference series the Index of industrial
Production (lIP), are determined based on the de-seasonalised and de-
trended series. The length of the business cycle has been assumed to be
within the band of 15-months to 96-months. For this purpose, three
different methods have been followed, viz., Two HP filters, HP14400 and
HP129600, with parameters A = 14400 and A = 1296008 respectively,

'8 Suggested by Serletis and Kranse (1996).
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5.9.

5.10.

5.11.

and one BP filter (BP1596) for the frequency bands corresponding to (15,
96) months.

The percentages of the spectral mass lying within the range of the
business cycle frequencies for the three methods are reported in Table 1.
The data series covers the period April 1980 to March 2006. It has been
observed that HP129600, which explains 91.6 per cent, is the most
proficient at isolating growth cycles in the monthly industrial production at
business cycle frequencies. The BP filter is also relatively proficient,
which explains 78.0 per cent of the total variation. This suggests the
selection of HP filter with parameter A = 129600, as the technique to
estimate the growth cycles.

Table 1: Percentage of spectral mass within business cycle frequencies
HP14400 HP129600 BP1596
86.2 91.6 78.0

The movement of the growth cycles in the monthly industrial production in
India is presented in Chart 1. For convenience, the data presented in the
Chart, covers the period April 1993 to March 2006.

Chart 1: Movement of Monthly IIP Growth Cycles (HP A =129600)
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The dates of business cycles on the monthly IIP series are determined
using the Bry- Boschan rules and are presented in Table 2. During the
period March 1992 to March 2006, 3 growth cycles have been identified.
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The average duration of both the recessions phase is found to be 16
months, while the expansion phase are found to be at 20 months. The
average duration of a complete cycle (trough-to-trough) is 36 months.

Table 2: Growth Cycle Chronology for Industrial Production (Period in months)

Peak Trough Expansion Recession Cycle Duration
(Trough to Peak) | (Peak to Trough) | (Trough to Trough)
Mar-93
Apr-96 Jan-97 37 9 46
Sept-97 Feb-99 8 17 25
Apr-00 Feb-02 14 22 36
Average Duration 20 16 36

5.12. Based on the cross-correlations analysis'®, initially the following potential
indicators are selected with the appropriate lead period, for the reference

series.

Table 3: Potential Leading Indicators for IIP — Growth Cycle

Indicators Lead Period Correlation co-
efficient
Broad Money (M3) 24 0.28
Real M3 (M3/ WPI) 24 0.23
Currency with the Public 4 0.77
Aggregate Deposits- SCB 4 0.43
Time Deposits — SCB 15 0.41
WPI — Manufactured Product 15 0.43
Cement Production 8 0.31
lIP — Basic goods 2 0.49
lIP - Electricity 9 0.39
Cargo handled in the major ports 2 0.40

5.13. From Table 3, it can be observed that, the correlation co-efficient between
the IIP- Basic Goods and IIP is found to be maximum (0.49) at a lead of
period 2-month only, which is not suitable from the policy point of view, as
a policy maker needs to assess the future movement of the economy at
least 3-months in advance. Keeping this in mind, the lead period of IIP-
Basic Goods is chosen at 4-months, where the correlation coefficient is
found to be 0.43. Based on the same logic, the lead period for CARGO

1 See Annex- VILA.
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5.14.

5.15.

has been chosen at a lead of 4-months, where the correlation coefficient
is found to be 0.38.

From the list of potential leading indicators provided in Table 3, attempts
were made to select the optimum combination of the indicators, which
can track the movement of the growth cycle of the IIP series at least 4-
months in advance. The optimum CILI, found to have been able to track
the movement in the IIP series consist of the four indicators — CWP, WPI-
MP, 1IP- electricity and Cargo handled in the major ports.

The CILI, constructed based on the above-mentioned methodology,
reveals that it has been able to capture the turning points of the Industrial
production. Chart 2, presents the movement of the CILI and the IIP from
April 1993 to March 2006.

Chart 2: Movement of the CILI and IIP Growth Cycles
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5.16. The performance of the CILI has been presented in Table 4. On an

average, the CILI leads the industrial production cycle peaks by 6 months
and troughs by 7 months. It is being observed that the CILI has been able
to track all the trough of the growth cycles at least 4-months in advance.
However, some variations in the lead period at the peaks of the growth
cycles have been observed. The peak during September 1997 has been
tracked with a lead of 3 months only.
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Table 4: Lead Record of the Composite Leading Index for the Indian Economy

Growth Cycles

CILI

Lead (-)/ Lag(+) in Month

Peak Trough

Peak

Trough

Peak

Trough

Apr-96
Sept-97
Apr-00

Jan-97
Feb-99
Feb-02

Sept-95
June-97
Sept-99

Sept-96
Aug-98
Apr-01

4
-6
-10

Average

-7

5.17.

5.18.

Next we estimated a probit model to assess the ability of the CILI,
constructed based on the four leading indicators, to forecast the different
phases of the economy. For this purpose, three different threshold
probability levels have been taken into considerations, viz., 40%, 50%
and 60%.

Table 5 presents the forecasting power of the probit model in classifying
the different phases correctly for different threshold probability level.
Corresponding to a threshold level of 0.5, in the expansion phases, 75 out
of 88 observations and, in the recession phase, 31 out of 51 observations
are correctly classified by the model, i.e., the estimated model correctly
forecasts 85.2% of the observations in the expansion phase and 60.8%
observations in the recession phase. Overall, the model correctly
forecasts 76.3% of the total number of observations. When the threshold
level is considered as 0.4, the model correctly forecasts 78.4% and
85.2% of the observations correctly in the expansion and recession phase
respectively.

Table 5: Prediction evaluation of the IIP- Growth Cycle

Threshold Probability 0.4 0.5 0.6

Expansion

No. of cases correctly forecasted 69 75 81

Total no. of cases 88 88 88

Percentage of correct forecast 78.4% | 85.2% | 92.1%

Recession

No. of cases correctly forecasted 36 31 23

Total no. of cases 51 51 51

Percentage of correct forecast 70.6% | 60.8% | 45.1%

Total

No. of cases correctly forecasted 105 106 104

Total no. of cases 139 139 139

Percentage of correct forecast 75.5% | 76.3% | 74.8%
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V.2.2. Estimation of the Growth Rate Cycle of IIP

5.19. The annualised point-to-point annual growth rate of the IIP series is

5.20.

5.21.

smoothened by a weighted moving average of the period 5, with the
current month has been assigned with a weight of 5. The weight assigned
for the previous month has been fixed at 4 and so on. The length of the
moving average has been determined from the spectral density estimates

using Bartlett's window, corresponding to the period of less than one-year

and having maximum spectral based on the growth rates of the IIP series.

The movement of the growth rate cycles in the monthly industrial
production in India is presented in Chart 3. For convenience, the data

presented in the Chart, covers the period August 1983 to March 2006.

Chart 3: Movement of Monthly 1IP Growth Rate Cycles
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The chronology of business cycles on the monthly IIP series are
determined applying the Bry and Boschan rules as described earlier and
are presented in Table 6. During the period August 1993 to March 20086,
3 growth rate cycles have been identified. The average duration of the
recessions phase is found to be 14 months, while the expansions phases
are of found to be lower at 9 months on average basis. The average
duration of a complete cycle (Peak-to-Peak) is 21 months.
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Table 6: Growth Rate Cycle Chronology for IIP (Period in months)

Trough Peak Recession Expansion Cycle Duration
(Peak to Trough) (Trough to Peak) (Peak to Peak)

June-94
Mar-95 Sept-95 9 6 15
Mar-97 Dec-97 17 9 26
Oct-98 Oct-99 10 12 22
June-01 19
Average duration 14 9 21

5.22.

Table 7 presents the set of nine potential leading economic indicators
selected initially based on the cross-correlations analysis®. From the
table, it can be observed that WPI-FA is found to be the most potential
indicator, having a correlation coefficient of 0.60 with IIP with a lead
period of 10-months. The BCCS is found to have a correlation of 0.36
with a lead of 3- as well as 4- months. Also Bank Credit- SCB is found to
have the highest correlation with a lead of 3-months. But from the policy
point of view, we require a lead of at least 4- months. Based on this, the
lead period for Bank Credit- SCB is selected at 4- months, whose
correlation coefficient is marginally lower at 0.37 from 0.38 observed with

the lead of 3- months.

Table 7: Potential Leading Indicators for IIP — Growth Rate Cycle

Indicators Lead Period r
Bank Credit to the Commercial Sector 3 0.36
Bank Credit — SCB 3 0.38
Non- food Credit 4 0.45
WPI- food articles 10 0.60
Cement Production 18 0.41
Forward exchange rate — 6 months 24 0.49
US - GDP 4 0.26
US - Leading Indicator Index 24 0.38
International Oil Price 4 0.23

5.23.

From the initially selected potential leading economic indicators, attempts
were made to select the optimum combination of the indicators, which
can track the movement of the IIP series at least 4- months ahead. The
optimum CILI found to have been able to track the movement in the IIP

2 See Annex-VIIL.C.
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series consists of four indicators, viz.,, Non-food Credit, WPI- Food

Articles, Cement Production and US GDP. The CILI is constructed as the
simple average of these four indicators.

5.24. The CILI, constructed based on the above-mentioned methodology,

reveals that it has been able to capture the turning points of the growth

rate cycle of IIP. Chart 6, presents the movement of the CILI and the IIP
from August 1993 to March 2006.

Chart 6: Movement of the CILI and IIP Growth Rate Cycles
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5.25. The performance of the CILI has been presented in Table 8. On an
average, the CILI leads the industrial production cycle peaks by 8 months
and troughs by 7 months. It is being observed that the CILI has been able
to track all the peak of the growth rate cycles at least 6-months in
advance. However, some variations in the lead period at the trough of the

growth rate cycles have been observed. The trough during June 2001
has been missed by the CILI by 1-month.
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Table 8: Lead Record of the Composite Leading Index for the Indian Economy

Growth Rate Cycle CILI Lead (-)/ Lag(+) in Months
Trough Peak Trough Peak Trough Peak
Sept-95 Mar-95 -6
Mar-97 Dec-97 Mar-96 Mar-97 -12 -9
Oct-98 Oct-99 Sept-97 Dec-98 -11 -10
June-01 July-01 +1
Average duration -7 -8
5.26. The probit model was estimated to assess the ability of the CILI,

5.27.

constructed based on the four leading indicators, in forecasting the
different phases of the economy. For this purpose, three different
threshold probability levels have been taken into considerations, viz.,
40%, 50% and 60%.

Table 9 presents the forecasting power of the probit model in classifying
the different phases correctly for different threshold probability level.
Corresponding to a threshold level of 0.5, in the expansion phases, 76 out
of 87 observations and, in the recession phase, 37 out of 50 observations
are correctly classified by the model, i.e., the estimated model correctly
forecasts 87.4% of the observations in the expansion phase and 74.0%
observations in the recession phase. Overall, the model correctly
forecasts 82.5% of the total number of observations. When the threshold
level is considered as 0.4, the model correctly forecasts 79.3% and
86.0% of the observations correctly in the expansion and recession phase
respectively.

Table 9: Prediction evaluation of the [IP- Growth Rate Cycle

Threshold Probability 0.4 0.5 0.6
Expansion | No. of cases correctly forecasted 69 76 80
Total no. of cases 87 87 87
Percentage of correct forecast 79.3% | 87.4% | 92.0%
Recession | No. of cases correctly forecasted 43 37 35
Total no. of cases 50 50 50
Percentage of correct forecast 86.0% | 74.0% | 70.0%
Total No. of cases correctly forecasted 112 113 115
Total no. of cases 137 137 137
Percentage of correct forecast 81.8% | 82.5% | 83.9%
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5.28. Alternatively, an attempt has been made empirically to track the

5.29.

movement of IIP through the application of the Principal Component
Analysis. For this purposes, the five variables are selected, viz., Non-
food Credit, WPI- Food Articles, Cement Production, Inter-Bank Forward
Premia of US Dollar (6-months) and USGDP. The first four principal
components, based on these five indicators, explained 91 per cent of the
total variation. The CILI is based on the principal components (CILI_PC)

is constructed as the simple average of these four principal components.

The CILI, constructed based on the above-mentioned methodology,
reveals that it has been able to capture the turning points of the IIP. Chart

7, presents the movement of the CILI and the IIP from August 1993 to
March 2006.

Chart 7: Movement of the CILI_PC and IIP Growth Rate Cycles
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5.30.

The performance of the CILI_PC has been presented in Table 10. On an
average, the CILI_PC leads the industrial production cycle peaks by 6
months and troughs by 8 months. It is being observed that the CILI_PC

has been able to track all the peaks and trough of the growth rate cycles
at least 3-months in advance.
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Table 10: Lead Record of the Composite Leading Index for the Indian Economy

Growth Rate Cycle CILI_PC Lead (-)/ Lag(+) in Months
Trough Peak Trough Peak Trough Peak
Sept-95 Feb-95 -7
Mar-97 Dec-97 Apr-96 May-97 -11 -7
Oct-98 Oct-99 Sept-97 July-99 -11 -3
June-01 Mar-01 -3
Average duration -8 -6

5.31. Table 11 presents the forecasting power of the probit model, based on
the CILI_PC, in classifying the different phases of the economy correctly
for different threshold probability level. Corresponding to a threshold level
of 0.5, 81 out of 91 observations and 36 out of 50 observations, in the
expansion and recession phases respectively, are correctly classified by
the model, i.e., the estimated model correctly forecasts 89.0% of the
observations in the expansion phase and 72.0% observations in the
recession phase. Overall, the model correctly forecasts 83.0% of the total
number of observations. When the threshold level is set at as 0.4, the
model correctly forecasts 83.5% and 80.0% of the observations correctly
in the expansion and recession phase respectively.

Table 11: Prediction evaluation of the IIP- Growth Rate Cycle

Threshold Probability 0.4 0.5 0.6
Expansion | No. of cases correctly forecasted 76 81 84
Total no. of cases 91 91 91
Percentage of correct forecast 83.5% | 89.0% | 92.3%
Recession | No. of cases correctly forecasted 40 36 32
Total no. of cases 50 50 50
Percentage of correct forecast 80.0% | 72.0% | 64.0%
Total No. of cases correctly forecasted 116 117 116
Total no. of cases 141 141 141
Percentage of correct forecast 82.3% | 83.0% | 82.3%
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V.3. Leading Indicators for the Quarterly Reference Series
- Non-Agricultural GDP

V.3.1. Estimation of the Growth Cycle

5.32.

5.33.

The movement of the growth cycles in the quarterly non-agricultural GDP
in India is presented in Chart 8. For convenient, the data presented in the
Chart, covers the period 1992-93:Q3 to 2005-06:Q4. The growth cycles
for the quarterly reference series are estimated based on the
deseasonalized, detrended and smoothened series. The growth cycles
have been estimated using the HP- filter with parameter A = 1600.

Chart 8: Movement of Quarterly Non-Agriculture GDP Growth Cycles
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NAGDP

The dates of business cycles on the quarterly non-agricultural GDP series
are determined using the Bry- Boschan rules and are presented in Table
12. During the reference period, 3 growth cycles have been identified.
The average duration of the recessions phase is found to be 5 quarters,
while the expansions phases are of found to be slightly lower at 4
quarters on average basis. The average duration of a complete cycle
(trough-to-trough) is 10 quarters.

37



Table 12: Growth Cycle Chronology for Non-Agriculture GDP (Period in quarters)

Peak Trough Expansion Recession Cycle Duration
(Trough to Peak) | (Peak to Trough) | (Trough to Trough)
1994-95:Q3
1995-96:Q4 1997-98:Q2 5 6 11
1998-99:Q1 1998-99:Q4 3 3 6
2000-01:Q1 2002-03:Q4 5 7 12
Average Duration 4 5 10

5.34.

Table 13 presents the set of initially selected twelve potential leading
economic indicators based on the cross-correlations analysis®'. From the
table, Currency with the Public is found to be the most potential leading
indicator, having a correlation coefficient of 0.66 with NAGDP with a lead
period of 2-quarters. Similarly the correlation coefficient between Cargo
handled in the major ports with a lead period of 1-quarter with NAGDP is
found to be 0.66. But from policy point of view, it is necessary to have
some idea about the future movement of the economy at least 2- quarters
ahead. It can be observed from the cross- correlation table that, even at a
lead period of 2-quarters, the correlation coefficient of Cargo handled in
the major ports, IIP- electricity and Non-oil Imports with NAGDP are found
to be 0.65, 0.52 and 0.56, respectively.

Table 13: Potential Leading Indicators for NAGDP — Growth Rate Cycle

Indicators Lead Period r
(in quarters)
Broad Money (M3) 8 0.33
Real M3 (M3/ WPI) 8 0.31
Currency with the Public 2 0.66
WPI- Industrial Raw Materials 6 0.30
WPI- Manufactured Product 2 0.65
Production of Commercial Motor Vehicles 3 0.43
IIP- Basic Metal 8 0.55
[IP — Electricity 1 0.53
Exports 1 0.45
Non — oil Imports 1 0.61
Euro Area — Leading Indicator (OECD) 4 0.33
Cargo handled in the major ports 1 0.66

5.35.

From the initially selected potential leading economic indicators, attempts
were made to select the optimum combination of the indicators, which
can track the movement of the NAGDP at least 2- quarters ahead. The

2l See Annex-VILD.
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5.36.

optimum CILI found to have been able to track the movement in the
NAGDP consists of five indicators, viz., Currency with the Public, WPI-
Manufactured Products, Production of Commercial Motor Vehicles, IIP-
Electricity and Non-oil Imports. The CILI is constructed as the simple

average of these five indicators.

The CILI reveals that it has been able to capture the turning points of the
non-agricultural GDP. Chart 9, presents the movement of the CILI and the
reference series from 1992-93:Q3 to 2005-06:Q4.

Chart 9: Movement of the CILI and Non-Agriculture GDP Growth Cycles
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5.37.

The performance of the CILI has been presented in Table 14. On an
average, the CILI leads the non-agricultural GDP cycle peaks by 2
quarters and troughs by 5 quarters. It is being observed that the CILI has
been able to track all the trough of the growth cycles at least 2-quarters in
advance. However, the CILI could not capture the peak during 2000-
01:Q1 in advance.
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Table 14: Lead Record of the Composite Leading Index for the Indian Economy

Growth Cycles CILI Lead (-)/ Lag(+) in
Quarters

Trough Peak Trough Peak Trough Peak
1994-95:Q3 | 1995-96:Q4 | 1993-94:Q2 1995-96:Q2 -5 -2
1997-98:Q2 | 1998-99:Q1 | 1995-96:Q4 1996-97:Q4 -6 -5
1998-99:Q4 | 2000-01:Q1 | 1998-99:Q2 2000-01:Q1 -2 0
2002-03:Q4 2001-02:Q2 -6
Average Duration -5 -2

5.38.

Table 15 presents the forecasting power of the probit model in classifying
the different phases correctly for different threshold probability level.
Corresponding to a threshold level of 0.5, in the expansion phases, 19 out
of 24 observations and, in the recession phase, 14 out of 21 observations
are correctly classified by the model, i.e., the estimated model correctly
forecasts 79.2% of the observations in the expansion phase and 66.7%
observations in the recession phase. Overall, the model correctly
forecasts 73.3% of the total number of observations. When the threshold
level is considered as 0.4, the model correctly forecasts 70.8% and
76.2% of the observations correctly in the expansion and recession phase
respectively.

Table 15: Prediction evaluation of the NAGDP- Growth Cycle

Threshold Probability 0.4 0.5 0.6
Expansion | No. of cases correctly forecasted 17 19 20
Total no. of cases 24 24 24
Percentage of correct forecast 70.8% | 79.2% | 83.3%
Recession | No. of cases correctly forecasted 16 14 8
Total no. of cases 21 21 21
Percentage of correct forecast 76.2% | 66.7% | 38.1%
Total No. of cases correctly forecasted 33 33 28
Total no. of cases 45 45 45
Percentage of correct forecast 73.3% | 73.3% | 62.2%
5.39. As an alternative, an attempt has been made to track the movement of

the different phases of the economy by the application of the Principal
Component Analysis. For this purposes, five economic indicators were
selected, viz., CWP, WPI- Manufactured Product, CMV, |IP- Electricity
and Non-oil Imports. The first three principal components could explain
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5.40.

99.6 per cent of the total variation present in the data. The CILI based on
Principal Components (CILI_PC) is constructed as the simple average of
these three principal components.

The CILI_PC, constructed based on the above-mentioned methodology,
reveals that it has been able to capture the turning points of the Non-
Agricultural GDP. However, the CILI_PC generated two extra turning
points, viz., one as trough at 1999-00:Q4 and another as peak during
2001-02:Q2. The movements of the CILI PC and the NAGDP are
presented in Chart 10.

Chart 10: Movement of the CILI_PC and Non-Agriculture GDP Growth Cycles
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The performance of the CILI_PC has been presented in Table 16. On an
average, the CILI_PC leads the non-agricultural GDP cycle peaks by 3
quarters and troughs by 2 quarters. It is being observed that the CILI_PC
has been able to track all the troughs of the growth cycles at least 1-
quarters in advance. However, the CILI_PC could not capture the peak
observed during 1998-99:Q1 in advance. The other two peaks observed
during the sample period was well captured by the CILI_PC at least 3-
quarters ahead.
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Table 16: Lead Record of the Composite Leading Index for the Indian Economy

Growth Cycles CILI_PC Lead (-)/ Lag(+) in
Quarters

Trough Peak Trough Peak Trough Peak
1994-95:Q3 | 1995-96:Q4 | 1994-95:Q1 1994-95:Q3 -2 -5
1997-98:Q2 | 1998-99:Q1 | 1996-97:Q2 1998-99:Q1 -4 0
1998-99:Q4 | 2000-01:Q1 | 1998-99:Q3 1999-00:Q2 -1 -3
2002-03:Q4 2002-03:Q3 -1
Average Duration -2 -3

5.42. Table 17 presents the forecasting power of the probit model, based on

CILI_PC, in classifying the different phases correctly for different
threshold probability level. Corresponding to a threshold level of 0.5, in
the expansion phases, 18 out of 24 observations and in the recession
phase, only 7 out of 21 observations are correctly classified by the model,
Thus the estimated model correctly forecasts 75.0% of the observations
in the expansion phase and only 33.3% observations in the recession
phase. Overall, the model correctly forecasts 55.6% of the total number of
observations. When the threshold level is considered as 0.4, the model
correctly forecasts 37.5% and 85.7% of the observations correctly in the
expansion and recession phase respectively. Overall, the performance of
the model is not found to be satisfactory.

Table 17: Prediction evaluation of the NAGDP- Growth Cycle

Threshold Probability 0.4 0.5 0.6
Expansion | No. of cases correctly forecasted 9 18 21
Total no. of cases 24 24 24
Percentage of correct forecast 37.5% | 75.0% | 87.5%
Recession | No. of cases correctly forecasted 18 7 3
Total no. of cases 21 21 21
Percentage of correct forecast 85.7% | 33.3% | 14.3%
Total No. of cases correctly forecasted 27 25 24
Total no. of cases 45 45 45
Percentage of correct forecast 60.0% | 55.6% | 53.3%
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V.3.2.

Growth Rate Cycles

5.43.

The movement of the growth rate cycles in the quarterly non-agricultural
GDP in India is presented in Chart 11. The data presented in the Chart
covers the period from 1993-94:Q3 to 2005-06:Q4. The growth rate
cycles for the reference series are obtained by smoothing the annual
point-to-point growth rates by a weighted moving average of period 3.
The current quarter has been assigned with a weight of 3. The weight
assigned for the previous quarter has been fixed at 2 and so on. The
length of the moving average has been determined from the spectral
density estimates of the growth rate of the reference series.

Chart 11: Movement of Quarterly Non-Agriculture GDP Growth Rate Cycles
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The chronology of business cycles on the quarterly non-agricultural GDP
series is presented in Table 18. During the period 1993-94:Q3 to 2005-
06:Q4, 2 growth rate cycles have been identified. The average duration,
for both the recessions and expansion phase are found to be 5 quarters
on average basis. The average duration of a complete cycle (Peak-to-
Peak) is approximately of 9 quarters.
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Table 18: Growth Rate Cycle Chronology for Non-Agriculture GDP (Period in quarters)

Trough Peak Recession Expansion Cycle
(Peak-to-Trough) | (Trough-to-Peak) Duration
1995-96: Q3
1997-98: Q1 1998-99:Q2 6 5 11
1998-99: Q4 1999-00: Q4 2 4 6
2001-02: Q2 6
Average Duration 5 5 9

5.45. Table 19 presents the set of nine potential leading economic indicators
selected initially based on the cross-correlations analysis®. From the
table, Non-food credit is found to be the most potential leading indicator,
having a correlation coefficient of 0.62 with NAGDP with a lead period of
1-quarter only. Similarly the correlation coefficient between IIP-
Intermediate Goods with a lead period of 1-quarter with NAGDP is found
to be 0.54. But from policy point of view, it is necessary to have some
idea about the future movement of the economy at least 2- quarters
ahead. It can be observed from the cross- correlation table that, even at a
lead period of 2-quarters, the correlation coefficient between NFC and
lIP- Intermediate Goods with NAGDP are found to be 0.56 and 0.48

respectively.

Table 19: Potential Leading Indicators for NAGDP — Growth Rate Cycle

Indicators Lead Period r
(in quarters)
Bank Credit to the Commercial Sectors 1 0.53
Non- food Credit 1 0.62
Cheque Clearance 8 0.49
Gold prices in Mumbai 2 0.45
WPI- food articles 4 0.45
IIP — intermediate goods 1 0.54
Forward Premia 6- months 8 0.28
US GDP 3 0.33
USA Leading Indicator Index 8 0.36

5.46. From the initially selected potential leading economic indicators, attempts
were made to select the optimum combination of the indicators, which
can track the movement of the NAGDP at least 2- quarters ahead. The
optimum CILI, constructed as the simple average of the indicators, found

to have been able to track the movement in the NAGDP consists of four

22 See Annex-VILD.
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indicators, viz., Non-food Credit, WPI- Food Articles, 1IP- Capital Goods
and US GDP.
5.47. The CILI, constructed based on the above-mentioned methodology,
reveals that it has been able to capture the turning points of the NAGDP.
Chart 12, presents the movement of the CILI and the reference series
from 1993-94:Q3 to 2005-06:Q4.

Chart 12: Movement of Quarterly Non-Agriculture GDP and CILI — Growth rate cycles
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5.48. The performance of the CILI has been presented in Table 20. On an
average, the CILI leads the non-agricultural GDP cycle peaks and troughs

by 5 quarters each.

Table 20: Lead Record of the Composite Leading Index for the Indian Economy

Growth Rate Cycle CILI Lead (-)/ Lag(+) in
Quarters

Trough Peak Trough Peak Trough Peak
1995-96: Q3 1994-95:Q4 -3
1997-98: Q1 1998-99:Q2 | 1995-96:Q4 1996-97:Q4 -5 -6
1998-99: Q4 | 1999-00: Q4 | 1997-98:Q3 1998-99:Q3 -5 -5
2001-02: Q2 2001-02:Q2 0
Average duration -3 -5

5.49. Table 21 presents the forecasting power of the CILI, estimated through
the probit model in classifying the different phases correctly for different
threshold probability level. Corresponding to a threshold level of 0.5, in
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the expansion phases, 26 out of 29 observations and, in the recession
phase, 10 out of 14 observations are correctly classified by the model,
i.e., the estimated model correctly forecasts 86.2% of the observations in
the expansion phase and 71.4% observations in the recession phase.
Overall, the model correctly forecasts 83.7% of the total number of
observations. When the threshold level is set as 0.4, the model correctly
forecasts 86.2% and 78.6% of the observations correctly in the expansion
and recession phase respectively.

Table 21: Prediction evaluation of the I1IP- Growth Rate Cycle

Threshold Probability 0.4 0.5 0.6
Expansion | No. of cases correctly forecasted 25 26 26
Total no. of cases 29 29 29
Percentage of correct forecast 86.2% | 86.2% | 86.2%
Recession | No. of cases correctly forecasted 11 10 6
Total no. of cases 14 14 14
Percentage of correct forecast 78.6% | 71.4% | 42.9%
Total No. of cases correctly forecasted 36 36 32
Total no. of cases 43 43 43
Percentage of correct forecast 83.7% | 83.7% | 74.4%
5.50. As an alternative, an attempt has been made to track the movement of

5.51.

the different phases of the economy by the application of the Principal
Component Analysis. For this purposes, five economic indicators were
selected, viz., NFC, WPI- Food Articles, IIP- Capital Goods, Inter-Bank
Forward Premia of US Dollar (6-months) and USGDP. The first three
principal components could explain 86.1 per cent of the total variation
present in the data. The CILI based on Principal Components (CILI_PC)
is constructed as the simple average of these three principal components.

The CILI_PC, constructed based on the above-mentioned methodology,
reveals that it has been able to capture the turning points of the Non-
Agricultural GDP. The movements of the CILI_PC and the NAGDP from
1993-94:Q3 to 2005-06:Q4 are presented in Chart 13.
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Chart 13: Movement of Quarterly Non-Agriculture GDP and CILI_PC
(based on Principal Component)— Growth rate cycles
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5.52. The performance of the CILI_PC has been presented in Table 22. It can
be observed that the movement in the CILI_PC is almost same as that of
the movement of the CILI, constructed based on the four indicators.

Table 22: Lead Record of the CILI (PC- based) for the Indian Economy

Growth Rate Cycle CILI_PC Lead (-)/ Lag(+) in
Quarters

Trough Peak Trough Peak Trough Peak
1995-96: Q3 1994-95:Q4 -3
1997-98: Q1 1998-99:Q2 | 1995-96:Q4 1996-97:Q2 -5 -8
1998-99: Q4 | 1999-00: Q4 | 1997-98:Q4 1998-99:Q3 -4 -5
2001-02: Q2 2001-02:Q2 0
Average duration -3 -5

5.53. The forecasting power of the CILI_PC, estimated through a probit model
in classifying the different phases correctly for different threshold
probability level, is presented in Table 23. Corresponding to a threshold
level of 0.5, in the expansion phases, 25 out of 26 observations and, in
the recession phase 4 out of 8 observations are correctly classified by the
model, ie., the estimated model correctly forecasts 96.2% of the
observations in the expansion phase and 50.0% observations in the

recession phase. Overall, the model correctly forecasts 85.3% of the total
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number of observations. When the threshold level is set as 0.4, the
model correctly forecasts 92.3% and 62.5% of the observations correctly
in the expansion and recession phase respectively.

Table 23: Prediction evaluation of the IIP through CILI_PC
- Growth Rate Cycle

Threshold Probability 0.4 0.5 0.6
Expansion | No. of cases correctly forecasted 24 25 25
Total no. of cases 26 26 26
Percentage of correct forecast 92.3% | 96.2% | 96.2%
Recession | No. of cases correctly forecasted 5 4 2
Total no. of cases 8 8 8
Percentage of correct forecast 62.5% | 50.0% | 25.0%
Total No. of cases correctly forecasted 29 29 27
Total no. of cases 34 34 34
Percentage of correct forecast 85.3% | 85.3% | 79.4%

V.4. Construction of the Composite Index of Coincidental Indicators

5.54.

A Composite Index of Coincidental Indicators (CICI) is used to track the
movement of the current economic activity in an economy. To track the
movement of the current economic condition of the Indian economy, two
CICI has been constructed for the two reference series, viz., the monthly
[IP and quarterly NAGDP growth rate cycles.

V.4.1. Monthly Index of Industrial Production — Growth Rate Cycle

5.55.

For the construction of the monthly Composite Index of Coincidental
Indicators (CICI), the indicators are selected based on the maximum
contemporaneous correlation of the indicators with the monthly IIP series.
The CICI is constructed the same way as that of the CILI, i.e., simple
average of the standardized indicators. Among all the coincidental
indicators, the CICl is constructed based on those indicators only, whose
combination has able to track the movement of the IIP series. The
indicators selected in this case are, |IP — Intermediate Goods, IIP —
Consumer Durables and Sensex.
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5.56. Chart 14, presents the movement of the CICI and IIP growth rate cycles.
From Table 24, it can be observed that the CICI has been able to track all
the trough points correctly, while the CICI missed the peak observed
during September 1995. However, the movement of CICI with that of the
[IP are not seems to be very regular after mid 2001.

Chart 14: Movement of the CICI and IIP Growth Rate Cycles
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Table 24: Record of the Composite Coincidental Index

Growth Rate Cycle CICI Lead (-)/ Lag(+) in Months
Trough Peak Trough Peak Trough Peak
Mar-95 Sept-95 Mar-95 Mar-96 0 +6
Mar-97 Dec-97 Mar-97 Dec-97 0 0
Oct-98 Oct-99 Oct-98 Oct-99 0 0
June-01 June-01 0

V.4.2. Quarterly Non-Agricultural GDP — Growth Rate Cycle
5.57. Based on the methodology explained in Section- Ill, the coincidental

indicators selected for the non-agricultural GDP are found to be, IIP —
General Index, Exports and Bank Credit -SCB.

5.58.

Chart 15, presents the movement of the CICI and Non-Agricultural GDP

growth rate cycles. From the Chart, it has been observed that the

movement of the CICI moves in tandem with that of the Non-Agricultural
GDP. From Table 25, it can be observed that the CICI has been able to

track the turning points correctly on an average.
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Chart 15: Movement of the CICl and NAGDP Growth Rate Cycles
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Table 25: Record of the Composite Coincidental Index for the Indian Economy

Growth Rate Cycle CILI Lead (-)/ Lag(+) in Quarters
Trough Peak Trough Peak Trough Peak
1995-96: Q3 1995-96: Q3 0
1997-98: Q1 1998-99:Q2 | 1997-98:Q1 | 1997-98:Q4 0 -2
1998-99: Q4 | 1999-00: Q4 | 1998-99:Q4 | 2000-01:Q1 0 +1
2001-02: Q2 2001-02:Q3 +1
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6.1.

6.2.

6.3.

6.4.

6.5.

Section VI

Summary of the Empirical Results

The empirical exercise was carried out using the techniques adopted by
the international organisations and also based on the methodologies
suggested in some of the research papers. Broadly the methodologies
could be summarised as Growth cycle methodology and Growth rate
cycle methodology. Selection of the indicators was based on simple
correlation.

The Composite Index of Leading Indicators (CILI) for the Index of
Industrial Production (lIP) growth cycle, has been constructed based on
four economic indicators, viz.,, Currency with the Public, WPI-
Manufactured Product, IIP- electricity and Cargo handled in the major
ports. The CILI is found to have a forecast horizon of 4- months. In terms
of back performance, the CILI has been able to track all the turning points
in advance.

The CILI for the IIP growth rate cycle, has been constructed based on
four economic indicators, viz.,, Non-food credit, WPI- Food Atrticles,
Cement Production and US GDP. The CILI is found to have a forecast
horizon of 4- months. In terms of back performance, the CILI has been
able to track all the turning points in advance, except the trough observed
during June 2001. This turning point was missed by the CILI by one
month.

Alternatively, a CILI was constructed based on the first four principal
components of five indicators, viz., Non-food credit, WPI- Food Atrticles,
Cement Production, Inter-Bank Forward Premia of US Dollar (6-months)
and US GDP, for the IIP growth rate cycle. The forecast horizon for the
CILI is found to be of 4-months. In terms of back performance, the CILI
has been able to track all the turning points in advance.

The Composite Index of Leading Indicators (CILI) for the Non-agriculture
GDP (NAGDP) growth cycle, has been constructed based on five leading
economic indicators, viz., Currency with the Public, WPI- Manufactured
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6.6.

6.7.

6.8.

6.9.

6.10.

Product, Production of Commercial Motor Vehicles, IIP- electricity and
Non-oil Imports.

Alternatively, a CILI was constructed based on the first three principal
components of five indicators, viz.,, Currency with the Public, WPI-
Manufactured Product, Production of Commercial Motor Vehicles, IIP-
electricity and Non-oil Imports, for the NAGDP growth cycle. The CILI has
a forecast horizon of 2- quarters. In terms of back performance, the CILI
has been able to track all the turning points in advance, except the peak
observed during 1998-99:Q1. This turning point was captured by the CILI
synchronically.

The CILI for the NAGDP growth rate cycle, has been constructed based
on four economic indicators, viz., Non-food Credit, WPI-Food Atrticles, IIP-
Capital Goods and US GDP. The CILI has a forecast horizon of 2-
quarters. In terms of back performance, the CILI has been able to track all
the turning points in advance, except the trough observed during 2001-
02:Q2. This turning point was captured by the CILI synchronically.
Alternatively, a CILI was constructed based on the first three principal
components of five indicators, viz., Non-food Credit, WPI- Food Atrticles,
lIP- Capital Goods, Inter-Bank Forward Premia of US Dollar (6-months)
and US GDP for the NAGDP growth rate cycle. The CILI has a forecast
horizon of 2- quarters. In terms of back performance, the CILI has been
able to track all the turning points in advance, except the trough observed
during 2001-02:Q2. This turning point was captured by the CILI
synchronically.

The Composite Index of Coincidental Indicators (CICI) for the monthly 1P
growth rate cycle has been constructed based on three economic
indicators, viz., 1IP- Intermediate Goods, [IP- Consumer Durables and
Bombay Stock Price Index- 30 script. In terms of back performance, the
CICI has been able to track all the turning points synchronically with the
reference series, except the peak observed during March 1996.

The CICI for the quarterly NAGDP growth rate cycle has been
constructed based on three economic indicators, viz., lIP- General Index,
Total exports and Total Bank Credit. However, in terms of back
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6.11.

performance, the CICI has missed the last three turning points
synchronically as that of the NAGDP series.

For the empirical exercise, the sample covered the period from April 1990
to March 2006. In the month of March 2006, the CILI based on these
data, indicated upward movement in the industrial production to continue
at least till July 2006. Presently the quick estimate of IIP is available till
July 2006, which shows upward movement in the industrial production.
This confirms the performance of the CILI.
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7.1.

7.2.

Section VII

Recommendations of the Group

The Group examined the recommendations of the earlier Group (Report
of the Working Group on Economic Indicators, RBI 2002) and found them
very useful. Steps have been taken by the Bank to address some of these
recommendations, viz., improving the industrial outlook survey and
estimation of capacity utilisation. However, further work is required to
strengthen the database on inventories.

The Group examined the existing literature, both domestic and
international, on construction of Leading Economic Indicators. The
empirical exercise was carried out using the techniques adopted by the
international organisations and also based on the methodologies
suggested in some of the research papers. Empirically, both the Growth
Cycle and Growth Rate Cycle methodologies have been attempted. For
the selection of the leading indicators, both the linear method (through
correlation coefficient) and non-linear methods (Self Organising Maps)
have been attempted. As Institutional effort, still substantial further work
needs to be done to arrive at the final conclusion about the methodology
to be adopted. More work needs to be undertaken to examine the
applications of Neural Network for unravelling the non-linear relationship
among the indicators.

VIl.1 Selection of the Reference Series

7.3

7.4

The monetary policy review is undertaken at quarterly intervals. In order
to provide the inputs on the movements of the economic growth for the
quarterly reviews, the reference series should be of the same or higher
frequency. Out of the possible economic growth series, the quarterly GDP
and monthly IIP series qualify for selection of the reference series.

The business cycle analysis even for developed countries often excludes
agricultural output, in view of the dependence of the agricultural sector on
natural factors like weather and the low role of interplay of market forces
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7.5

in determining their level. The agricultural growth in India is still largely
subject to vagaries of Monsoon. In view of this, the Group recommended
the non-agricultural GDP as the main reference series.

The selection of these two series was guided by the fact that: a) the non-
agricultural GDP is a comprehensive measure of economic growth, and
b) more data points were available for the index of industrial production.
The information regarding the turning points based on the leading
indicators for these two reference series would be more robust as

compared to dependence on a single series.

VIl.2 Requirements of Additional Major Indicators

7.6

The Group noted that a majority of conventional leading indicators used in
developed economies are not available at monthly or quarterly intervals in
the Indian context. Some of the variables, such as housing starts, housing
price index, capacity utilisation, etc., are not presently compiled at
reasonable level of aggregation. Information on some important indicators
such as employment, wages, sales, order books, inventory, savings and
investment, etc., need to be compiled at least at quarterly intervals to
make use of these for capturing the turning points in the economy. The
Group felt that addressing the issues relating to data gaps requires
institutional development towards an organised compilation of leading
indicators.

VIL.3 Ideal Forecast Horizon

7.7

Understanding the phases of expansions and contractions of economic
activity, in order to trigger timely appropriate counter cyclical measures, is
of paramount importance to the Reserve Bank of India. In view of this,
the information on the turning points need to be made available well in
advance as the monetary policy measures impact after a certain lag.

The Group, therefore, recommended that the lead period should be at
least 2 Quarters ahead in the case of quarterly data (i.e. non-agricultural
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GDP) and 4 months ahead in the case of monthly data (i.e. Index of
Industrial Production).

VII.4 Selection of Appropriate Methodology

7.8 The Group carried out the empirical exercise for construction of leading
indicator applying the appropriate methodology used by the leading
international organisations.

7.8.1 The empirical exercise was carried out using growth cycle and
growth rate cycle methodologies. The results could not provide
sufficient evidence in favour of any one methodology. The Group,
therefore, feels that the leading indicators should be constructed
using both these methods until sufficient confidence on any
particular method is established.

7.8.2 For estimating the relationship between the reference series and the
leading indicators, both, linear regression model and non-linear
model (probit model) were applied. In this case also the Group held
the view that the empirical work should be based on both types of
models.

7.8.3 The Group deliberated upon the issue of minimum number of
indicators to be considered for constructing the composite leading
index. It was observed that most of the earlier work, in this area, had
considered at least four indicators for constructing the composite
indicators. The other most preferred option, observed from the
literature surveyed, had been to construct the composite leading
indicators using principal components. The Group recommended
that these approaches should be followed for the construction of

leading economic indicators.

VIL.5 Institutional Framework for Compilation of Index of Leading
Indicators

7.9 The Group underlined the importance of developing institutional
capabilities for undertaking leading indicators work. The Group noted that,
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7.10

7.11

7.12

7.13

7.14
7.15

during the initial stages, the RBI should take a pivotal role in the area of
business cycle analysis. Its involvement is necessary to ensure that
robust indicators are developed and policy response is based on reliable
information base in the field.

In order to take up this work at RBI, a separate unit should be set up
without further delay. The results should be discussed in a forum where
the correctness of the results and the methodological issues could be
deliberated. In this way the methodology for compilation of index of
indicator could become technically strong. RBI may avail of the help of
technical experts on a continuous basis till the methodology stabilises. In
the course of a year or so, RBI should disseminate review of the business
cycle and leading indicators to the public on quarterly basis.

Since the methodological issues need further strengthening, the Group
recommended that a Standing Committee, including experts from the
Universities or other institutions and RBI should be set up.

From the methodological points of view, explorations may also be
attempted to estimate the reference series through the application of the
dynamic factor model, in the future.

The Group also felt that for the members of the Reserve Bank associated
with the work on Leading Indicators, some international exposure in terms
of training, etc., at OECD, ECRI or other such institutions should be
provided.

The Report could be put up in RBI web site for feedback and comments.
Over the period, RBI should prepare leading indicators for inflation,
exchange rate and trade also.
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Annex |

Memorandum

Technical Advisory Group on Development of Leading
Economic Indicators for Indian Economy

In view of the need for development of a basket of coincident, leading and lagging
economic indicators to monitor the movements of the Indian economy on a regular basis
based on appropriate methodology and the international best practices, it has been
decided to set up a Technical Advisory Group on "Development of Leading Economic
Indicators for Indian Economy".

2. The Terms of Reference of the Technical Advisory Group are as given below:

(i) To suggest a feasible methodological framework for construction of co-incident,
leading and lagging indicators and composite index for the Indian economy, with
a view to assist monetary policy formulation, and to guide and oversee its
implementation.

(i) To recommend modalities of outsourcing the work for construction of indicators
by appropriate external agency or institution, including scope of work and
deliverables.

(iii) To evaluate the work of the external agency and recommend its acceptance by
the Bank.

(iv) Any other issue as deemed necessary for development of indicators on business
cycle.

3. The constitution of the Technical Advisory Group would be as follows:

Dr. R B Barman Chairman
Executive Director
Reserve Bank of India

Prof. Pami Dua Member
Center for Development Economics

Delhi School of Economics

Delhi University

Delhi 110 007
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Prof. Ashima Goyal Member
Indira Gandhi Institute of Development Research

Goregaon (East)

Mumbai 400 065

Prof. Neeraj Hatekar Member
Dept. of Economics

Mumbai University

Vidyanagari Marg

Mumbai 400098

Prof. Amita Majumder, Member
Economics Research Unit,

Indian Statistical Institute,

203, B. T. Road,

Kolkata - 700 108

Principal Adviser Member
Department of Statistical Analysis and Computer Services
Reserve Bank of India

Adviser-In-Charge Member
Monetary Policy Department
Reserve Bank of India

Adviser Member
Econometrics Division

Department of Economic Analysis and Policy

Reserve Bank of India

Adviser Member- Secretary
Forecasting Division

Department of Statistical Analysis and Computer Services

Reserve Bank of India
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Annex ILA.

The Hodrick-Prescott Filter

The HP filter does not rely on any priori information about business cycle
peaks and troughs; it is applied mechanically. The filter amplifies the
business cycle frequencies and dampens short- and long- run variations.
Consider an observed time series Y;, which is assumed to be the sum of the
cyclical component C; and trend component Ty, i.e., Y; = C; + T..

The parameter A reflects the relative variance of the trend component to the
cyclical component. Thus A controls the smoothness of the trend. For a given
A, the HP filter tries to choose the trend component T, to minimize C,, so that

the following loss function is being minimized,
n n—1
2 =T)* + A (T, ~T)~ (T, - T}’
t=1 t=2

For A = 0, there is no penalty on trend adjustment, and the actual observed
series becomes the trend component. For large values of A, the trend
component approaches a linear trend. Lower value of A produces a trend that
follows close to the original series. For annual series, generally one takes A =
100 and for quarterly series A = 1600. For monthly series, generally one
chooses A = 14400. However, Serletis and Krause (1996) suggested A to be
equal to 129600 for monthly series.

Annex II.B.
The Band-Pass Filter

The BP- filter is used to isolate the cyclical component of a time series by
specifying a range for its duration. It is a linear filter that takes a two-sided
weighted moving average of the data where cycles in a "band", defined by a
specified lower and upper bound, are "passed" through, and the remaining
cycles are "filtered" out.
Generally, it is expected that the business cycle lasts somewhere from 1.5 to
8 years so that the cycles in this range can be extracted. For quarterly data,
generally the range corresponds to a low duration of 6, and an upper duration
of 32 quarters.
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Annex II.C.
The Probit Approach

The probit approach is an alternative method to assess the usefulness of the set of
leading indicators in forecasting the turning points (Estrella and Mishkin, 1996; Lamy,
1997; Mensah and Tkacz, 1998; Gaudreault and Lamy, 2002; Krystalogianni et al.
2004). The dependent variable (T) is defined as-
T, = 1 for a period of recession in period t
= 0 otherwise

Given the set of n leading indicators X = (x,,x,,———,x,), a standard regression model

in this case would be,
T, = :30 + Z:BiXir—k,
i=1

Where X, is the i" leading indicator at time t with a leading period of k; months.
Equation (---) can be re-written as,
T,=p,+B'X

where B’ =(B..8,.———.5,)is the set of coefficients corresponding to the set of
indicators. The main objective of using the probit approach is to estimate a response
probability,

P(T. =1/x,,x,,———x,)=F(B, + B’ X)
where F is the normal distribution, given as,

1

oz

F(x) =

X _LZZ
j e 2 dz,  z~NOD

Thus the area of the standard normal cumulative curve from — o to 3, + 3’ X represents
the probability of contraction Pr(T=1). A large value of S, + 3'X is likely to cause a

contraction (recession). The coefficients of the model S, and B are usually estimated by

the method of maximum likelihood function.
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Annex II.D.
Estimation of Spectral Density

The time domain analysis assigns all frequencies equal weights, whereas the
frequency domain analysis is conducted on a frequency-by-frequency basis,
using the entire frequency range 0 to z. For a univariate series, the method
identifies how much of the total variance is determined by each frequency
components.
The spectral density is obtained by smoothing the periodogram using lag
windows (weights assignments) such as Bartlett's, Tukey's and Parzen's.
Bartlett's window assigns linearly decreasing weights to the auto-covariances
in the neighborhood of the frequency considered and zero-weights thereafter.
The population Spectrum can be estimated non-parametrically using,

f(Wj) = _iﬂif‘(wjﬂ)

w, =3% (j=01-——m)
m

J

where m is defined as the bandwidth parameter and is generally taken as
m = 2,/Sample Size

The Bartlett's window is defined as 4, = -1, 0<i<m
m

The Tukey's window is defined as A, = %[1 + cos(ﬂ)], 0<i<m
m

1-6(1)2 +6(2)°, 0<i s%
The Parzen's window is defined as 4, = m m

2(1--1)3, M<i<m
m 2
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Annex Il

List of Indicators for Some Selected Countries by International Organization

Annex lll.A. US Conference Board Indicators

The US Conference Board compiles leading, coincidental and lagging indicators for

nine countries all over the world, viz.,,, the United States, Australia, France,

Germany, Japan, Korea, Mexico, Spain and the United Kingdom. The methodology

followed is the month-to-month growth rate cycles. The reference series is the GDP.

[I.A.1. List of Indicators for the US economy

Leading Indicators Coincidental Indicators

Lagging Indicators

1. Average weekly hours, 1.
manufacturing
2. Average weekly initial claims for 2.
unemployment insurance
3. Manufacturers' new orders,
consumer goods and materials 3.
4. Vendor performance, slower
deliveries diffusion index 4.
5. Manufacturers' new orders, non-
defense capital goods
6. Building permits, new private
housing units
Stock prices
Money supply
Interest rate spread, 10-year
Treasury bonds less federal
funds
10. Index of consumer expectations

Employees on non-
agricultural payrolls
Personal income
less transfer
payments
Industrial
production
Manufacturing and
trade sales

1. Average duration of
unemployment

2. Inventories to sales
ratio, manufacturing
and trade

3. Labor cost per unit of
output, manufacturing
Average prime rate
Commerecial and
industrial loans

6.  Consumer installment
credit to personal

income ratio

[I.LA.2. List of Indicators for Germany

Leading Indicators

Coincidental Indicators

New orders, Investment Goods

Yield Spread, 10-year minus 3-months
Change in Inventories

Gross Enterprise and Property Income
Stock Prices

New Orders, Residential Construction

© N o o s~ 0 Nh =

Consumer Confidence Index

Growth Rate for Consumer Price Index for Services

L=

Industrial Production
Manufacturing Sales
Retail sales

Persons employed

63




[1.A.3. List of Indicators for Japan

Leading Indicators Coincidental Indicators
1. Operating Profits 1. Number of Employed Persons
2. Dwelling Units Started 2. Industrial Production
3. Business Failures 3. Wage and Salary Income
4. Index of Overtime Worked 4. Real Retail, Wholesale and
5. Stock Prices Manufacturing Sales
6. Six Month Growth Rate of Labor Productivity
7. Business Conditions Survey
8. Money Supply
9. Yield Spread
1

0. New Orders for Machinery and Construction

Annex llIl.B. OECD Indicators

Currently the OECD compiles CILI for 29 of its 30 member countries and for six
non-members countries. The OECD CLI system is based on the "growth cycle"
approach where cycles and turning points are measured and identified in the
deviation-from-trend or ratio-to-trend series. The main reference series used in the
OECD CILI system for the majority of countries is industrial production (IIP)
covering all industry sectors excluding construction. This series is used because of
its cyclical sensitivity and monthly availability while the broad based Gross
Domestic Product (GDP) is used to supplement the IIP series for identification of
the final reference turning points in the growth cycle.

[1.B.1. List of Indicators for the US

Dwellings Started

Net New Orders For Durable Goods
USA CLI Share Prices: NYSE Composite
Consumer Sentiment Indicator

Weekly Hours of work: Manufacturing

Purchasing Managers Index

N o a s~ 0o

Spread of Interest Rates
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[1.B.2. List of Indicators for Germany

1. IFO Business Climate Indicator

2. Orders Inflow/Demand: Tendency (Manufacturing)
3. Export Order Books: Level (Manufacturing)

4. Total New Orders (Manufacturing)

5. Finished Goods Stocks: Level (Manufacturing)

6. Spread of Interest Rates (% per annum)

[1.B.3. List of Indicators for Japan

1. Inventories to Shipments ratio (Mining And Manufacturing)
2. Ratio Imports to Exports

3. Ratio loans to deposits

4. Monthly overtime hours, Manufacturing

5. Construction: Dwellings started

6. Share Price Index - Tokyo

7. Spread of interest rates

[1.B.4. List of Indicators for China

Production of Chemical Fertilizer
Production of Non Ferrous Metals
Cargo Handled at Ports
Enterprises Deposits

Monetary Aggregate M2

IO

Imports from Asia

[1.B.5. List of Indicators for Brazil

Orders inflow (Manufacturing): Future Tendency

Industrial Production of Semi Durable and Non Durable Goods
Share Price Index: All Shares

Terms of Trade

Total Exports F.O.B.

o > 0 bp =
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Annex IV
List of Indicators for Some Selected Studies for India

Annex IV.A.
Dua and Baneriji (1999), constructed a monthly coincidental index comprising of the
following five indicators,
GDP at factor cost at constant prices
[IP- General Index
Wages to workers in factory sector
Monthly registered unemployment

o & 0w p o~

[IP- consumer goods.

The study proposed the above coincidental index as the reference series to
represent the business cycles and growth rate cycles for the Indian economy. The
period covers monthly data from 1957 onwards.

Annex IV.B.
Chitre (2001) constructed a monthly reference series for the Indian economy
comprising of eleven indicators measured as a deviation from their respective long-
term trend. The study covers the period from 1951 to 1982. The list of the indicators
is as follows:
1. Cement production
Quantum of exports
lIP- capital goods
[IP- intermediate goods
Electric energy generated
Railway traffic — total number of wagons loaded
Changes in bank credit

©® N o o B~ 0D

Cheque clearance

9. Quantum of imports

10. IIP- consumer goods non-durable
11. lIP- general index.

The set of leading, coincidental and lagging indicators for peaks and troughs are
classified as follows:
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Peaks Trough
(1) Leading Indicators (1) Leading Indicators
1.1. Pig iron production 1.1. Pig iron production
1.2. Electric energy generated 1.2. Electric energy generated
1.3. Cheque clearance 1.3. Production in aluminium
1.4. Production of radio receivers 1.4. Ratio of WPI-MP/ WPI-IRM
1.5. Ratio of WPI-MP/ WPI-IRM 1.5. IIP- capital goods
1.6. Production of motor cycles
(2) Coincidental (2) Coincidental
2.1. Production of automobile 2.1. lIP — General index
2.2. Electric energy generated 2.2. lIP- Intermediate
2.3. lIP- General index 2.3. Change in bank credit
2.4. lIP- consumer non-durables 2.4. Pig iron production
(3) Laggin (3) Laggin
3.1. Total cotton cloth production 3.1. Total cotton cloth production
3.2. Cement production 3.2. Cement production
3.3. Railway traffic — wagons loaded 3.3. Bank credit
3.4. Production of sugar 3.4. Railway traffic — wagons loaded
3.5. lIP- Consumer durables 3.5. Production of radio receivers
3.6. Index of security prices - ordinary 3.6. Index of security prices — ordinary
3.7. WPI- basic metal
3.8. Ratio of WPI-MP/ WPI-IRM

Annex IV.C.
Mall (1999) developed a composite leading indicator for the quarterly industrial
production based on the growth cycle methodology. The study covers the period
1981:Q1 to 2000:Q1. The IIP-Manufacturing has been taken as the reference series,
as the cyclical movement in the IIP-Manufacturing and Non-Agriculture GDP was
found to be same. The list of leading indicators used in the study comprise of:
[IP- Mining
[IP- Basic Metals & Alloys
Import of Metals and Articles of Base Metals
Applicants on Live Registers in employment exchanges (no. in thousands)
Stock of Foodgrains with Government (million tonnes)
WPI — Food Articles
WPI — Industrial Raw Materials
WPI — Manufactured Product

© N o o bk~ DD~
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9.

Currency with the public (Rs. Crore)

10. Aggregate Deposits — Scheduled Commercial Banks (Rs. Crore)
11. Bank Credit - Scheduled Commercial Banks (Rs. Crore)

12. Exports (US$ million)

13. Non-oil Imports (US$ million)

14. US GDP at constant prices (US$ billion)

Annex IV.D.

Recently OECD (2006) has developed a composite leading index for the Indian

economy. The monthly index of industrial production, excluding construction has

been taken as the reference series. The period covered starts from 1995 onwards.

The following list presents the leading indicators selected for the Indian economy.

1.

©® N o o Bk~ 0D

Business Confidence (conducted by the National Council of Applied Economic
Research)

Imports

Exchange Rate (Rupee — US$)

Money supply (M1)

Deposit interest rate

Share Price (BSE)

lIP- Basic Goods

lIP- Intermediate Goods
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Annex V
Volatility in the Agricultural Sector
In the context of the Indian economy, the agriculture and allied sector
contributes almost 20 per cent to the total GDP. However, till now the
agriculture sector depends heavily on the rainfall. The agricultural output
declined significantly during the years with deficit rainfall, causing a fall in the
overall GDP also.

The following chart represents the quarterly growth rates of the GDP, along
with the two sectors, agricultural GDP and non-agricultural GDP, over the
period 1991-92:Q1 to 2005-06:Q4. It can be observed that the growth rate of
the non-agriculture GDP remains stable during the period. On the other hand,
presence of volatility can be easily observed in the agriculture sector growth
rates.

During the same period, the standard deviation for the agriculture sector is
found to be 5.2, which is significantly higher than 2.4 observed in the non-
agriculture sector. The standard deviation in the overall GDP is found to be at
2.3. This prefers the selection of the non-agriculture GDP sector as the
reference series compared to the overall GDP.

Chart 11:Growth Rates of the GDP
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Annex VI
List of Indicators

Indicator | Source | Definition

Monetary and Banking Indicators

M1 RBI Narrow Money (in Rupee Crore)

M3 RBI Broad Money (in Rupee Crore)

CwWP RBI Currency with the Public (in Rupee Crore)

BCCS RBI Bank Credit to the Commercial Sector (in Rupee Crore)

BCSCB RBI Bank Credit — Scheduled Commercial Banks (in Rupee Crore)

NFC RBI Non-Food Credit (in Rupee Crore)

ADSCB RBI Aggregate Deposits— Scheduled Commercial Banks (in Rupee Crore)

DDSCB RBI Demand Deposits — Scheduled Commercial Banks (in Rupee Crore)

TDSCB RBI Time Deposits — Scheduled Commercial Banks (in Rupee Crore)

M1 RBI Narrow Money (in Rupee Crore)

Financial sector Indicators

CHEQUE RBI Cheque Clearance — All India (in Rupee Crore)

SENSEX BSE Bombay Stock — 30 price Index, monthly average of the daily closing
prices

NET_FII SEBI Total value of the net foreign investment inflows during the month (in
Rupee Crore)

Rs_Dollar RBI The Indian Rupee per US Dollar exchange rate

FORWARD6 RBI Inter-Bank Forward Premia of US Dollar (6-months)

Price Indicators

WPI_INR OEA Index of Industrial Raw Material prices — WPI based

WPI_MP OEA Index of Manufactured Product prices — WPI based

WPI_FA OEA Index of Food Articles prices — WPI based

WPI_MIN OEA Index of Mineral Qils prices — WPI based

WPI_ALL OEA Index of All Commodity prices — WPI based

Real Sector Indicators

CMV CMIE Production of Commercial Motor Vehicles

RAIL CMIE Railway Revenue Earning Freight Traffic in Million tonnes

CEMENT CMIE Cement Production in Million tonnes

IIP_BASIC CSO Index of Industrial Production — Basic Goods

IIP_CAP CSO Index of Industrial Production — Capital Goods

IIP_INT CSO Index of Industrial Production — Intermediate Goods

IIP_CONG CSO Index of Industrial Production — Consumer Goods

IIP_CD CsO Index of Industrial Production — Consumer Durables

IIP_CND CSO Index of Industrial Production — Consumer Non-Durables

IIP_METAL CSO Index of Industrial Production — Basic Metal and Alloy Industries

IIP_ELEC CSO Index of Industrial Production — Electricity

IIP CSO Index of Industrial Production — General Index

NAGDP CsO Non-agriculture GDP at factor cost (1999-00 prices)

External Sector Indicators

EXPORT DGCI&S | Total value of exports in terms of US$ million
IMPORT DGCI&S | Total value of imports in terms of US$ million
NIMPORT DGCI&S | Total value of non-oil imports in terms of US$ million
CARGO CMIE Cargo handled at major ports in Million tonnes
USGDP BEA USA Gross Domestic Product

USA LI OECD Index of USA Leading Indicator

EURO_LI OECD Index of Euro Area Leading Indicator

CHINA_IIP OECD Index of Industrial Production in China

INT_OIL IMF International Qil Prices in US$ per barrel

Note: BEA: Bureau of Economic Analysis, USA; BSE: Bombay Stock Exchange; CMIE: Centre for
Monitoring Indian Economy; CSO: Central Statistical Organisation; DGCI&S: Directorate General of
Commercial Intelligence & Statistics; IMF: International Monetary Fund; OEA: Office of the Economic
Adviser, Ministry of Commerce and Industry, Government of India; OECD: Organisation for Economic Co-
operation and Development; RBI: Reserve Bank of India; SEBI: Securities and Exchange Board of India.
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Annex VII.A.

Dynamic Cross Corelation of Monthly P with Indicators - Growth Cycles - HP filter (129600)

Lead(-y

lag+) | -24|-18]-15|-12{ 9] 8| 65| 4| 3]|2|1[0o] 1] 23] 4[5]6]8[9]12]15[18] 24
Mt -0.25| 0.07] 0.21] 0.29) 0.33 0.35 0.35| 0.36{ 0.37] 0.39| 0.42| 0.47] 0.51f 0.45| 0.39| 0.32{ 0.26| 0.20[ 0.14]-0.03| -0.11{ -0.23] -0.28} -0.38| -0.35
Real M |-0.27]-0.01] 0.09) 0.16{ 0.20] 0.21| 0.24] 0.26] 0.28| 0.31] 0.34| 0.38[ 0.40] 0.36| 0.30] 0.23) 0.17| 0.11] 0.04] -0.12-0.18] -0.17| -0.15{ -0.19) -0.14
M3 0.28( 0.24) 0.18] 0.15] 0.13 0.11f 0.06] 0.02] -0.02| -0.07] -0.13| -0.19| -0.28] -0.41[ -0.51] -0.57] -0.60| -0.61] -0.62| -0.55| -0.44) -0.04| 0.06] 0.03| 0.00}
Real M3 | 0.23] 0.11] 0.03{-0.01(-0.03 -0.04) -0.07] -0.08] -0.11| -0.14 -0.19] -0.24) -0.32) -0.41| -0.49) -0.53{ -0.55 -0.56] -0.56] -0.49] -0.39| 0.03| 0.18( 0.19| 0.19
NBCG 0.24{ 0.12) 0.05(-0.05]-0.12) -0.14{ -0.15] -0.15] -0.14{ -0.14] -0.14{ -0.14] -0.15] -0.20{ -0.23) -0.24{ -0.24| -0.22] -0.22| -0.24 -0.24) -0.15| 0.00] 0.05| 0.10}
WP -0.22]-0.04| 0.07] 0.21] 0.37] 043) 0.52] 0.55( 0.58) 0.60| 0.62| 0.63) 0.62f 0.49] 0.37| 0.25( 0.16) 0.06(-0.04] -0.22 -0.28( -0.32] -0.25| -0.21| -0.32
BCCS -0.27] -0.29| -0.23{ -0.14) -0.02[ 0.03] 0.14] 0.19[ 0.23] 0.26| 0.29] 0.31) 0.33{ 0.37] 0.39| 0.40[ 0.38) 0.36[ 0.33] 0.28 0.26 0.18] 0.05) -0.10{ -0.24
BCSCB [ -0.29)-0.27] -0.20] -0.12| -0.01 0.04{ 0.14] 0.19] 0.23] 0.26] 0.28| 0.29 0.30| 0.36] 0.39) 0.41] 0.40| 0.37] 0.33 0.27| 0.24] 0.18] 0.04] -0.12-0.24
NFC -0.35] -0.32] -0.24{ -0.16| -0.06[ 0.00] 0.13] 0.18{ 0.23] 0.27] 0.30] 0.33] 0.36{ 0.44| 0.49| 0.51[ 0.51) 0.48 0.45 0.37] 0.33[ 0.23] 0.07] -0.13[-0.27]
ADSCB 0.00[ 0.40] 0.41] 0.27] 0.04) -0.05(-0.18] -0.23| -0.27| -0.30] -0.33 -0.34{ -0.33] -0.24{ -0.18] -0.13| -0.12] -0.11] -0.10f -0.06| -0.06) -0.12| -0.22] -0.32| 0.04
DDSCB  [-0.10) 0.25| 0.29) 0.24| 0.17] 0.14[ 0.07] 0.04] 0.03] 0.03] 0.05] 0.09 0.15| 0.15 0.14) 0.12] 0.09| 0.06[ 0.04] 0.00|-0.02]-0.12] -0.27| -0.36( -0.13
TDSCB 0.04{ 0.29) 0.30 0.18]-0.04| -0.12{ -0.24] -0.29] -0.33| -0.37] -0.41{ -0.45| -0.48| -0.39[ -0.31] -0.23 -0.18| -0.13] -0.10f -0.04] -0.03) -0.04{ -0.10] -0.16| 0.09
Cheque 0.04{ 0.04) 0.03 0.01] 0.01) 0.01{-0.01]-0.02] -0.02 -0.02) -0.01{ -0.01] -0.02] 0.01[ 0.04] 0.05/ 0.05] 0.05| 0.05 0.06| 0.06) 0.03| -0.06] -0.12] -0.15]
Sensex  [-0.02{ 0.14] 0.11) 0.08) 0.05 0.05] 0.07{ 0.09 0.13| 0.18] 0.24] 0.30] 0.35( 0.35( 0.27] 0.22| 0.16] 0.11] 0.06| -0.12[ -0.17] -0.31|-0.32) -0.20] 0.02)
WPI-Inr 0.17] 0.08) 0.09 0.10] 0.11) 0.10[ 0.07] 0.06/ 0.05{ 0.05| 0.07] 0.09] 0.12] 0.09( 0.09) 0.09| 0.10] 0.09] 0.04{-0.08]-0.12) -0.18| -0.14] -0.13[ -0.06}
WP-Man |-0.10] 0.12] 0.24) 0.32( 0.39] 040 043 043) 0.43| 0.41] 0.39) 0.37] 0.34] 0.29| 0.24| 0.20] 0.15 0.12| 0.08] -0.02{ -0.08| -0.24 -0.30{ -0.37] -0.44
WP-FA  1-0.26/-0.03] 0.10] 0.20[ 0.22] 0.20| 0.10[ 0.03) -0.04 -0.09] -0.13) -0.14 -0.13] -0.12] -0.09| -0.07] -0.03[ 0.01] 0.07] 0.26] 0.34] 0.32| 0.04{ -0.18]-0.39
WPI-Mn | 0.06] -0.20] -0.25( -0.24{ -0.25) -0.25) -0.27] -0.27] -0.27| -0.26 -0.25| -0.23) -0.21] -0.14| -0.05] 0.05 0.16[ 0.26| 0.35 0.43] 0.42| 0.32| 0.21[ 0.14| 0.1
WPL-all -0.04] 0.13] 0.21] 0.24) 0.25( 025 0.22] 0.20{ 0.19) 0.18 0.18] 0.19 0.21f 0.19] 0.18 0.18[ 0.18 0.19[ 0.19] 0.15 0.10[ -0.11] -0.26| -0.34{ -0.37]
aw -0.17-0.07] 0.01] 0.09) 0.18[ 0.20] 0.24] 0.26{ 0.29) 0.32| 0.37| 0.42) 0.47] 0.44| 0.41| 0.38[ 0.35) 0.32( 0.28] 0.19 0.13(-0.09]-0.21] -0.20 -0.29
Cement  |[-0.11[-0.02| 0.13] 0.26) 0.31] 0.31] 0.23{ 0.16| 0.08|-0.01) -0.09] -0.16| -0.22{ -0.21( -0.19| -0.17] -0.16] -0.17| -0.20] -0.25( -0.24] -0.10| -0.06] 0.01|-0.02)
IIP-Bas 0.00{ -0.25) -0.17] 0.02] 0.22) 0.28( 0.37] 0.40| 0.43| 0.47] 0.49 049 0.46| 0.34{ 0.20] 0.07]-0.05|-0.14| -0.22 -0.30] -0.31) -0.20| -0.02] 0.12]-0.10}
IIP-Cap |-0.24] 0.25] 029 0.19 0.11] 0.10] 0.13) 0.17] 0.22| 0.9 0.37| 0.46] 0.55) 048] 0.40| 0.32[ 0.23( 0.16| 0.11] 0.02-0.03( -0.21| -0.40 -0.46| -0.26
[IP-Int -0.06] -0.28] -0.37] -0.29) -0.04 0.06] 0.27] 0.37] 045 0.52| 0.57| 0.60] 0.60[ 0.52] 0.42| 0.33[ 0.25 0.18 0.11] 0.00|-0.03[ 0.02] 0.08 0.09|-0.20
IIP-Con | -0.21]-0.14{ -0.18[ -0.22{ -0.13] -0.08| 0.07] 0.16] 0.27| 0.40| 0.52| 0.64) 0.74| 0.67| 0.58| 047 0.37| 0.28 0.23) 0.17| 0.14 0.02|-0.05( 0.00| -0.06
IIP-ConD | -0.07| -0.13[ -0.16{ -0.09 0.10] 0.16] 0.25| 0.30] 0.35] 0.41| 047 0.52) 0.57] 049| 040 0.31[ 0.24 0.18 0.13) 0.06] 0.02{ -0.04| 0.00[ 0.02]-0.22
IIP-ConN_ | -0.16] -0.08| -0.11[ -0.18{ -0.18| -0.15| -0.03] 0.06] 0.17| 0.29| 0.41| 0.52) 0.61] 0.55| 0.47| 0.38[ 0.28 0.21] 0.15 0.08] 0.05{ -0.06|-0.09( -0.03| 0.03
IIP-Metal | 0.28]-0.11]-0.23) -0.24{ -0.11] -0.05[ 0.07] 0.13] 0.19] 0.24] 0.28| 0.30[ 0.31] 0.21] 0.10{-0.01) -0.12{ -0.22] -0.29] -0.36[ -0.35/ -0.18| 0.13 0.30] 0.15
IIP-Hec  |-0.09(-0.04| 0.11] 0.31[ 039 0.37] 0.32] 0.29 0.25( 0.22| 0.18] 0.14 0.09] 0.01]-0.05| -0.08) -0.08{ -0.05] -0.02 -0.03| -0.07] -0.20| -0.26{ -0.27] -0.14
Export -0.25 -0.23| -0.14| 0.00] 0.12f 0.16] 0.25| 0.29( 0.33) 0.36| 0.39| 0.40| 0.41 0.41] 0.40| 0.38[ 0.35) 0.30[ 0.24) 0.11] 0.07] 0.07] 0.06| -0.04{-0.35
Import -0.26] -0.11/ -0.04 0.09] 0.27] 0.33] 0.43] 0.46( 048] 0.50| 0.52] 0.54] 0.55( 0.49| 042 0.34 0.27] 0.21[ 0.15 0.05 0.00[ -0.10]-0.21} -0.33| -0.26
Nimport  [-0.13) 0.11) 0.15] 0.19] 0.29 0.32[ 0.39| 0.41] 0.42] 0.44] 0.45| 0.47] 049 0.41) 0.32) 0.25| 0.17| 0.10f 0.04] -0.08] -0.13) -0.25| -0.35| -0.38{ -0.17
USGDP  [-0.07] 0.08] 0.12] 0.11] 0.06] 0.04[ 0.04] 0.04] 0.05 0.06] 0.07| 0.10[ 0.12| 0.15 0.18] 0.19] 0.18] 0.16{ 0.13 0.03|-0.01]-0.13]-0.20| -0.22{ -0.09
USA-Li 0.00[ 0.05| 0.02{ 0.00{-0.01]-0.01f 0.00] 0.01] 0.02] 0.03) 0.05{ 0.08] 0.10] 0.10f 0.09) 0.08 0.05] 0.03] 0.00f -0.06] -0.08) -0.14{ -0.13] -0.04| 0.18}
Euo Ll 0.06[ 0.23] 0.20f 0.13] 0.11] 0.11f 0.11] 0.10] 0.11] 0.13] 0.17] 0.21] 0.26| 0.21 0.14] 0.06| -0.02{ -0.11] -0.18| -0.29| -0.32] -0.37| -0.36| -0.26| 0.11
Int-Gil -0.39 -0.32] -0.20{ -0.07] 0.04 0.07] 0.13] 0.16{ 0.20] 0.23| 0.26] 0.29) 0.32{ 0.37| 0.41| 044 0.46| 0.47] 046] 0.41] 0.37] 0.21] 0.03| -0.14{-0.30
Rail -0.21] -0.32] -0.31 -0.25) -0.12 -0.06] 0.09 0.16{ 0.24] 0.30| 0.34| 0.36| 0.36[ 0.39] 0.39| 0.37] 0.33) 0.28| 0.23{ 0.13) 0.09| 0.07| 0.17] 0.22{ 0.01
Cargo -0.19)-0.21/ -0.12] 0.02) 0.21[ 0.27] 0.35 0.37] 0.38] 0.39| 0.40] 0.39) 0.36] 0.30] 0.22] 0.12f 0.01]-0.08| -0.15{ -0.23) -0.24] -0.14| 0.05 0.13{ 0.01
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Annex VII.B.

Dynamic Cross Correlation of the Indicators with Non-Agriculture GDP (Quarterly data)
Growth Cycles

Lead(-)/
lag(+) -8 -6 -4 -3 -2 -1 0 1 2 3 4 6 8
M1 -0.16| 0.16 | 0.46 | 0.57 | 0.62 | 0.61 | 0.65 | 0.36 | 0.16 | 0.03 | -0.07 | -0.19] -0.22
Real M1 -0.26-0.07] 0.23 1 0.39] 048 | 054 | 069 | 040 | 0.22 | 0.12 | 0.05 | -0.06 | -0.08
M3 0.33 | 0.26 | 0.20 | 0.13 | -0.02| -0.22 | -0.42 | -0.46 ] -0.40 | -0.26 | -0.15 | -0.08 | -0.01
Real M3 0.31 ] 0.07 | -0.09(-0.16] -0.28 | -0.42| -0.52| -0.51] -0.40] -0.21 | -0.06 | 0.09 | 0.17
NBCG 0.01 | -0.07 | -0.24 | -0.34] -0.43 | -0.54| -0.64]-0.49] -0.39| -0.30 | -0.24 | -0.13| -0.07
CWP 0.01 | 012 040 | 0.56 | 0.66 | 0.65 | 0.58 | 0.34 | 0.11 | -0.09 | -0.20 | -0.28 | -0.37
BCCS -0.251-0.35]-0.26]-0.13] 0.05] 0.29 | 0.59 | 0.55| 0.51 | 0.43 | 0.30 | 0.02 | -0.11
BC -0.16-0.281-0.19]-0.06] 0.13 ] 0.35| 0.62 | 0.59 | 0.53 | 0.42 | 0.26 | -0.07 | -0.18
NFC -0.16-0.23]-0.11] 0.03 ] 0.22 | 045 | 0.73 | 0.71 | 0.66 | 0.52 | 0.34 | -0.05| -0.22

ADSCB -0.22]-0.02| 0.13 | 0.06 | -0.17 | -0.27 ] -0.26 | -0.26 | -0.16 | -0.09 | -0.05] -0.10 | 0.13

DDSCB -0.20] 0.20 | 0.41 | 0.43 ] 0.38 [ 0.35] 0.44 | 0.23 | 0.11 ] 0.04 | -0.01] 0.00 | 0.06

TDSCB -0.18]-0.12] -0.10| -0.20 ] -0.38 | -0.53 ] -0.55| -0.40 | -0.24 | -0.11 | -0.07 | -0.07 | 0.12

Cheque -0.28 ] -0.441-0.32| -0.30] -0.31 [ -0.23] -0.06 | -0.02| 0.15 | 0.22 | 0.24 | 0.32 | 0.28

Sensex -0.09] 0.14 ] 0.28 { 0.30 | 0.30 | 0.34 | 0.45 | 0.30 | 0.18 | 0.04 | -0.04| 0.07 | 0.10

WPI-Inr 0.15] 0.30 | 0.26 | 0.26 | 0.22 | 0.11 | -0.01 | -0.08 ] -0.19 { -0.24 ] -0.23 | -0.18 ] -0.10

WPI-man | 0.08 [ 0.31 ] 0.55 ] 0.63 | 0.65 | 0.59 | 0.41 [ 0.28 | 0.10 | -0.09 | -0.22 | -0.34 | -0.36

WPI-FA -0.43]-0.09] 0.12 { 0.15] 0.15| 0.20 | 0.34 | 0.33 | 0.37 | 0.41 | 0.39 | 0.12 ] -0.10

WPI-MinO | -0.06 | -0.21] -0.43]-0.48| -0.46| -0.41]-0.30(-0.10| 0.13 ] 0.25 | 0.31 | 0.32 | 0.18

WPI-All 0.01]1 0.29 | 0.44 )| 045 | 0.41 ] 0.33 ] 0.20 | 0.13 ] 0.04 { -0.06] -0.13 | -0.25] -0.28

CMV 0.17 ] 0.31 | 0.42 | 0.43 | 0.41 ] 0.38 | 0.32 | 0.25 ] 0.12 [ -0.04] -0.17 | -0.25 ] -0.38

Cement -0.28]-0.10] 0.13 | 0.27 ] 0.37 | 0.38 | 0.39 | 0.10 | -0.06 ] -0.02| 0.08 | 0.22 | 0.21

IIP-Basic 0.26 | 0.10 | 0.15) 0.32 | 0.54 | 0.66 | 0.68 | 0.38 | 0.11 [ -0.06] -0.09 | 0.00 | -0.11

IIP-Capital | -0.26 ] 0.13 | 0.44 | 0.46 | 0.45 | 0.49 | 0.63 | 0.55 | 0.45 | 0.29 | 0.09 | -0.15] -0.10

IIP- Inter 0.00 | -0.15[-0.12] 0.03 | 0.26 | 0.47 | 0.58 | 0.58 | 0.49 [ 0.36 | 0.24 | 0.08 | -0.20

IIP-Cons Gq -0.03 ] -0.09 | -0.06 | 0.09 | 0.29 [ 0.51 | 0.68 | 0.58 | 0.45 | 0.28 | 0.09 | -0.08 | -0.09

IIP-Cons DY -0.20 | -0.15] -0.06 | 0.07 | 0.23 | 0.38 | 0.48 | 0.40 | 0.30 | 0.20 | 0.13 | 0.04 | -0.06

IIP- Con Noy 0.18 | 0.04 | -0.01| 0.08 | 0.22 | 0.37 | 0.48 | 0.40 | 0.31 | 0.16 | -0.02| -0.14 | -0.09

IIP-Basic Mq 0.55 | 0.39 | 0.06 | 0.00 | 0.06 { 0.14 | 0.19 | 0.03 | -0.07 | -0.09] -0.02| 0.09 | -0.13

IIP-Elect -0.19]-0.09] 0.30 | 0.45] 0.52 | 0.53 | 0.39 | 0.23 | 0.06 | -0.09 | -0.11 ] -0.12] -0.05

1P -0.01] 0.01 ] 0.16 [ 0.35 ) 0.56 | 0.76 | 0.89 | 0.75 | 0.54 | 0.29 | 0.09 | -0.12] -0.22
Export 0.16 | 0.05| 0.22 | 0.35| 0.42 ] 0.45]| 0.41 | 0.37 ] 0.27 { 0.12 ] -0.03 | -0.23 | -0.30
Import -0.05] 0.09 ] 0.32 | 0.45) 0.59 | 0.72] 0.73 | 0.55 | 0.34 | 0.10 | -0.05] -0.12] -0.23
Nimport 0.03 ] 0.27 | 0.48 | 0.52 | 0.56 | 0.61 | 0.56 | 0.38 | 0.13 { -0.15] -0.27 | -0.14] -0.18
USALI -0.02] 0.09 ] 0.20 | 0.24 ) 0.24 | 0.26 | 0.30 | 0.25 | 0.24 | 0.20 | 0.14 | 0.18 | 0.27
USGDP -0.29]-0.08] 0.09 | 0.14 ] 0.19 [ 0.25] 0.34 | 0.36 | 0.37 | 0.31 | 0.27 | 0.23 | 0.22
Euro LI -0.05] 0.24 | 0.33 | 0.32 ] 0.29 | 0.22 ] 0.21 | 0.00 | -0.16 ] -0.25| -0.25] -0.08 | 0.20
Int-Oil -0.30] -0.36 | -0.22 | -0.08 ] 0.07 | 0.23 | 0.36 | 0.41 | 0.42 | 0.37 | 0.29 | 0.07 | -0.15
Rail 0.01 | -0.19|-0.21] -0.08| 0.13 ] 0.32 | 0.57 | 0.45 ] 0.33 | 0.24 | 0.20 | 0.22 | 0.03
Cargo 0.07 |1 -0.01f 0.32 ]| 0.53 | 0.65 | 0.66 | 0.56 | 0.42 | 0.22 [ 0.06 | -0.01 | 0.05 | 0.05
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Dynarric Qross Corrdlation of Morthly lIPwith Indicators - Groath Rate Oydes

Annex VII.C.

Lead-ylogH [-4|-18|-15|-12| 10| 8| 6| 5| 4| 3| 2[1[0]|1]2)3[4[5[6]|8]10|122|15[18|24
M -011{ 003 0.11] 0.17{ 023]| 030| 0.37] 041| 046| 050| 0.54| 0.58) 0.62| 064[ 067)| 00| 0.72) 0.74] 0.75{ 0.76) 0.74| 0.70| 0.56] 0.36{ 001
Red M 02| 006| 02| -0.03{-0.01| 0.06]| 0.13] 0.18] 024| 028( 0.32| 0.365| 040| 041)| 042| 044| 045[ 045| 044| 041] 037| 033| 0.2 0.06|-0.18,
M3 0.11] 0.06] 005| 0.03| 0.01]-003[-0.08] -0.10[ -0.11{ 0.11] 0.10[ -0.10] 0.07| -0.01{ 0.04] 0.09| 0.14| 0.20]| 023[ 0.28| 0.32| 0.33] 0.34] 040{ 041
Red VB 0.21] 007] -0.04{ 0.14{ -0.21{ -0.28| -0.35] -0.36) -0.38] -0.38{ -0.38| -0.38| -0.37| -0.32) 029 0.25| 0.21( -0.17| -0.15] -0.13) 0.09| -0.07] 0.01 0.13| 0.2
NBOG 0.03| -0.08) 013 -0.18{ -0.23{ -0.29| -0.34] -0.36) -0.38] -0.39| -0.40| -0.41{ -042| -042) 042 -042| -0.41( -0.41| -0.40] -0.38) -0.33 -0.28) 0.18{ 0.08| -0.01
o -001{ 0.15] 015 0.11| 0.13] 020| 0.30] 0.36| 043| 051] 058| 066)| 0.71| 0.76{ 0.79) 0.82| 0.83| 0.82]| 081 | 0.74) 065 0.56| 043) 033| 0.17
BACS 0.16) -0.14) 0.08| 0.10{ 0.20{ 0.28]| 0.33| 0.35| 0.36| 036{ 0.35| 0.34| 0.31]| 028 025| 0.20| 0.16{ 0.12| 0.07]-0.03) -0.12] -0.19) -0.28( -0.30| -0.20|
BCSXB 40.19[-0.17]-0.07| 008 0.18] 0.28| 0.33| 0.36| 037{ 0.38| 0.37| 03| 0.35| 032| 0.29]| 0.%6| 022 0.18| 0.13| 0.04| -0.04| -0.11[-0.18) 0.21] -0.12
NC 020]-0.13) 000| 0.16{ 0.26| 0.35]| 041] 044| 045| 045[ 045| 043| 041]| 038| 03| 031 | 0.6 0.22| 0.17] 0.07]-0.01| -0.07] 0.15{ -0.20 -0.15
ADSCB 0.11{-0.08] -0.08| -0.05| 0.06] -0.11{ -0.19] -0.22| -0.26| -0.31] -0.36[ -0.40] -0.42| -043{ -043] -041| -0.38) -0.34 -0.28( -0.13) 0.01| 0.13| 0.19] 0.08[-0.28
DDSCB -009[-004 003| 0.11{ 0.16] 0.19] 0.19] 0.20{ 021{ 0.20| 0.21| 0.21] 0.22] 021| 022 0.23| 026 0.29] 033| 040| 0.44| 048 045| 0.30|-0.07
10808 0.17] -0.04) -0.08| -0.08( -0.11{ -0.18| -0.27] -0.31) -0.36| 041 -0.46| -0.51| -0.54| -0.56| -0.55| -0.54] -0.53{ -0.50| -0.46] -0.36] -0.22] 0.12) -0.05( -0.08| -0.25]
Ceqe 038 040] 033] 0.19| 0.12] 0.08{ 0.03] -0.01{ -0.04{ 0.07] -0.08[ -0.10] -0.11| -0.14{ -0.17] -0.20| -02) -0.25] -0.26{ -0.27] 0.30| -0.33) -0.37| -042{ -044
Sarsex 002 -0.04) 0.11]0.12{ -0.08{ 0.01]| 0.11] 0.17) 022| 027{ 0.30| 0.33| 0.34| 032 031| 09| 0.27{ 0.26| 0.25]| 0.5] 06| 09| 0.32[ 0.27| 0.01
N HI 02| 003] 02| 001| 001] 001| 001) 001| 02| 0.02] 003| 0.07) 0.16] 0.18{ 0.18] 0.14| 0.10] 0.09] 0.10f 0.12] 0.10| 02| 0.28] 08| 0.5
Gddvum 052) 025 0.09| 0.19] 028] 0.31] 0.33] 0.33) 033| 033{ 0.34| 0.34| 0.35| 0FH| 06| 034 | 0.32[ 0.30]| 027] 024] 06| 00| 0.35{ 041| 027
WPHI 022) 020 0.12] 0.06{ -0.01 0.04| 009] 0.10] 0.12| 0.14{ 0.16| 0.18]| 0.20| 021 023| 0.24| 0.26{ 0.27| 0.29]| 0.33] 03| 0.37| 0.38[ 0.36| 0.33
WP-ren 0.19[-004) 006| 0.16] 0.22] 0.20| 0.37]| 040| 044( 049]| 054| 0.58] 0.62]| 067| 00| 0.73| 0.75( 0.77] 0.77| 0.76| 0.73| 067{ 057) 047] 06
WPHa 021] 026]| 045/ 059( 060{ 052| 0.37] 029 022 0.16{ 0.10| 0.07| 0.04| 004| 006| 0.10] 0.10{ 0.14] 0.19] 027] 09| 025] 0.12[-0.07| -0.30]
WPH-nin 007[-004) 0.01| 008{ 0.11] 0.11] 0.06] 0.02]-0.03{ -0.09] -0.15] -0.22] 0.29] -0.33| -0.39) -0.43| -0.46( 048] -049| -048] -0.46| -045(-042) 0.36| -0.14
WRHl 0.14)-002) 0.13] 0.25( 0.31] 0.35]| 0.37] 0.37] 037| 038[ 0.39| 0.41| 043| 045| 046| 049| 051 | 0.54| 055]| 060| 061 | 059 052[ 042| 0.0
aw -035(-009| -0.01| 007{ 0.10] 0.14| 0.23| 0.29] 03[ 0.38]| 042| 045] 049| 050| 0.52| 053] 04| 055 056| 057 057] 058[ 0.56] 049] 0.2
Carert 03| 041] 025| 0.06-0.08 -0.14{ -0.15] -0.14] -0.12| -0.07] -0.03[ 0.03) 0.10| 0.16{ 0.21] 024| 0.29)| 0.33]| 03| 0.36| 06| 0.16] 0.00] -0.19-0.25
IP-Bzs 015/ 0.19) 0.14| 011 0.11{ 0.18]| 029 0.365]| 041 048( 057| 065| 0.73]| 0.76)| 0.76| 0.75| 0.72[ 0.70| 067] 057] 041| 028| 0.20{ 0.19| 0.36
IPCxp 002(-006| 0.03| 0.16{ 0.25] 0.33| 0.33| 0.39] 041 042]| 043| 043]| 042| 0.38| 0.36| 0.33| 0.32( 0.31]| 031| 0.33| 0.38| 045[ 048] 034|022
1Pt 0.17] 031 029| 028( 0.31{ 0.35| 043] 048| 053| 057( 0.60| 0.63| 064| 062) 060| 056 049( 042| 0.33] 0.15] 001 | 0.10) -0.14{ 0.04{ 0.08
IPGon -003[-004| -0.03] 007| 022 0.37| 0.50| 0.56| 061 | 065]| 068 089 0.69]| 062| 0.56) 048] 040( 0.32| 05| 0.14| 0.07] 0.03{ 0.04| 0.08] 02
IPGorD 005) 0.18) 021 | 0.22{ 0.26] 0.32| 041] 045| 049| 052( 056| 0.57| 060 060| 053] 057| 053[ 049| 043] 0.33] 021 0.10] 0.04{ 0.04| 0.06
IPGoriN -001) -0.14) 0.15[ 0.05( 0.08| 0.22| 0.32]| 0.37| 041 | 045[ 047| 048] 047]| 040| 0.33| 0.26| 0.20{ 0.14| 0.08] 0.01]-002| -0.01) 0.04{ 0.10| 0.06
[IPMVe -001{ 0.06| 008| 0.10{ 0.10] 0.12] 0.16] 0.18] 021 0.23] 0.27| 0.31] 0.35| 0.37| 0.38| 0.37| 0.36{ 0.34| 032| 06| 0.20| 0.17{ 0.25) 049| 066
IPBec 020]| 0.13) 006/ 003 0.05{ 0.11] 0.16] 0.19] 021 | 026{ 0.30| 0.35| 041| 044| 045| 047| 049( 051| 052] 052) 046 0.36) 0.19[-0.01| -0.08]
Infra 40.16[-0.01] -0.02 -003| 0.01] 006| 0.13] 0.17| 023{ 0.32]| 042| 052 0.60| 060[ 0.60| 058| 0.56| 0.56] 056{ 048] 0.36| 027] 0.17) 005 04
BExport -0.36) -0.14) 0.08| 0.00{ 0.08| 0.15] 05| 0.32| 0.39| 046( 052| 0.5| 057]| 059| 059| 058| 0.58[ 0.56| 053] 043 0.36| 028 021{ 0.19| 0.0
Inport 020[-0.17-0.10 0.04| 0.14] 024| 0.34| 0.39] 044[ 049]| 053| 057 061| 062| 0.64| 0.65]| 065( 0.64| 062| 057| 047] 037{ 0.23] 011] 02
Nnport £0.18) -0.13) -0.10 0.02 0.03| 0.08] 0.17] 023| 030| 037{ 044| 049| 053] 056| 060| 062| 0.64( 0.64| 063]| 061)| 05| 049| 041 0.33| 0.17
Rs Doller 032]| 0.10] 007| 009} 0.11{ 0.10| 0.06] 0.04| 000 -0.04{ -0.07| -0.10{ -0.13] -0.13) -0.15| 0.16| -0.17] -0.18| -0.20] -022] -0.23| 0.21) 0.10[ 0.08| 0.22
Fovards 049| 0.34] 06| 028| 0.33]| 06| 0.36] 0.32| 00| 0.27] 023] 0.19] 0.13| 0.08{ 0.2] -0.04{-0.10) -0.16] -0.21{ -0.31| 0.35| -0.34) 0.28] 0.2 -0.4
USCCP 06| 04| 023| 023( 023[ 04| 04| 05) 026| 026( 05| 04| 022]| 0.19) 0.17] 0.15] 0.14{ 0.12] 0.11] 0.08) 007| 0.06] 0.01 [-0.10{ -0.35]
USALI 03| 03] 02| 0.15| 0.15] 0.18] 0.23] 0.25] 027| 0.28] 029[ 029 0.20| 08| 0.27] 025| 0.23| 022 020{ 0.18] 0.17| 0.17] 0.16] 0.11{-0.09
Euoll 0.19] 005 -0.16| 0.20[ -0.18{ -0.13| -0.06| -02) 001 | 005{ 0.08| 0.12] 0.15] 0.16] 0.18| 0.19] 0.21{ 0.22| 0.23] 0.27] 00| 0.34| 0.36{ 00| 0.
GiralP -043[-0.15] -0.03| 008 0.14] 0.19| 0.25] 0.28| 0.32{ 0.35| 0.39| 042| 045| 050| 0.53| 0.56]| 05| 0.62| 064| 065| 0.64| 061 [ 0.55] 048] 0B
Int I 020[-0.19) -0.13{ -003] 0.07] 0.16| 022 0.23| 023{ 0.22| 0.21| 0.19] 0.18] 0.15] 0.12] 0.09| 0.06{ 0.04| 0.01 | -0.03| 0.08 -0.14{ -0.27| 0.37] 039
Rl -004) 007] 004| 0.00{-0.01[ 0.06]| 0.13] 0.18] 022| 027{ 0.31| 0.365| 0.38]| 037| 03| 030| 0.24{ 0.19| 0.12] 02| -0.10] 0.18) -0.18[ -0.14] 0.01
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Annex VII.D.

Dynamic Cross Correlation of the Indicators with Non-Agriculture GDP (Quarterly data) - Growth Rate Cy:

Lead(-)/lag(+) | -8 -6 -4 -3 -2 -1 0 1 2 3 4 6 8

M1 -0.05] 0.07 | 0.16 | 0.22 | 0.30 | 0.41 | 0.57 | 0.66 | 0.73 | 0.74 | 0.65 | 0.27 | -0.07
Real M1 0.01 ] 0.07 ] 0.03 | 0.09 | 0.21 | 0.35 | 0.55 | 0.60 [ 0.59 | 0.52 | 0.37 | 0.00 [ 0.12
M3 0.12 [ 0.08 [ 0.04 [ -0.01 [-0.08[-0.16 | -0.18 [ -0.05]| 0.05 | 0.11 | 0.16 | 0.28 | 0.21
Real M3 0.19 ] 0.06 | -0.10| -0.17 | -0.26 | -0.35 | -0.39 [ -0.32 [ -0.28 | -0.27 | -0.24 | 0.02 [ 0.20
NBCG -0.03 | -0.10| -0.20 | -0.28 | -0.37 | -0.47 | -0.57 | -0.59 | -0.58 | -0.50 | -0.37 | -0.10 | -0.05
cwpP -0.02 | 0.06 | 0.06 | 0.12 | 0.24 [ 0.41 | 0.57 | 0.67 | 0.67 [ 0.57 [ 0.42 | 0.16 | 0.05
BCCS -0.13]-0.15) 0.15] 0.35 | 0.49 | 0.53 | 0.51 | 0.34 | 0.15 ] -0.05] -0.22 | -0.37 | -0.18
BCSCB -0.18 1 -0.22 | 0.12 | 0.33 | 0.49 | 0.55 | 0.55 | 0.40 | 0.23 | 0.04 | -0.12] -0.26 | -0.07
NFC -0.23[-0.19] 0.19 | 0.41 | 0.56 | 0.62 | 0.60 | 0.45 | 0.28 | 0.11 [ -0.04 | -0.19 | -0.02
ADSCB 0.09 [-0.03[-0.01/-0.06-0.20 [ -0.37 | -0.44 [ -0.41 ] -0.21 | 0.03 | 0.17 | -0.04 | -0.44
DDSCB 0.03]10.09]0.15]0.19 ] 0.19 ] 019 | 0.27 | 0.32 [ 0.44 | 0.56 | 0.61 | 0.31 [ -0.11
TDSCB 0.07 [ -0.06 [ -0.06 | -0.12 [ -0.26 | -0.44 | -0.56 | -0.57 | -0.44 | -0.26 | -0.14 | -0.21 | -0.39
Cheque 049 1 042 ) 0.17 | 0.09 | 0.03 | -0.06 | -0.13 [ -0.23 [ -0.28 | -0.33 | -0.44 | -0.60 [ -0.53
Sensex 0.05 [ 0.09 [ 0.02 | 0.07 [ 0.18 [ 0.27 | 0.34 [ 0.31 | 0.31 | 0.35 | 0.39 | 0.30 | 0.04
Net FlI -0.03 | 0.01 | 0.02 | 0.03 | 0.05 [ 0.06 | 0.06 | 0.03 | 0.07 | 0.18 | 0.39 | 0.40 | 0.14
Gold Mum -0.51[-025] 0.24 | 0.41 | 045 [ 0.35 | 0.21 | 0.08 | 0.01 [ 0.02 [ 0.14 | 0.32 | 0.22
WPI-inr -0.11] -0.09 | -0.04 | -0.05 | -0.06 | -0.02 | 0.05 | 0.14 | 0.22 | 0.30 | 0.37 | 0.43 | 0.27
WPI-man -0.16 [ -0.05] 0.09 | 0.17 | 0.26 [ 0.38 | 0.49 | 0.61 | 0.67 | 0.67 [ 0.61 | 0.37 | 0.11
WPI-fa 0.16 [ 0.25 [ 0.45 | 0.33 [ 0.20 [ 0.08 | 0.04 [ 0.08 | 0.13 | 0.15 | 0.08 | -0.08 | -0.45
WPI-min 0.04 1 011 ] 0.19 | 0.14 | 0.02 | -0.13 | -0.31 [ -0.45[ -0.52 | -0.52 ]| -0.45] -0.25 [ -0.11
WPI-all -0.07] 0.02 | 0.18 | 0.20 | 0.20 | 0.22 | 0.25 | 0.33 | 0.42 | 0.49 | 0.52 | 0.35 | 0.02
CMV -0.34(-0.12] 0.05 ] 0.11 | 0.20 [ 0.31 | 0.39 | 0.42 | 0.48 [ 0.56 [ 0.62 | 0.55 | 0.32
Cement 0.45 (043 [ 0.03|-0.12[-0.17[-0.04| 0.26 | 0.45 ] 0.50 | 0.40 | 0.14 | -0.28 | -0.33
[IP-Bas 0.21]1 010 0.05 | 0.12 | 0.30 | 0.52 | 0.69 [ 0.73 [ 0.58 | 0.36 | 0.18 | 0.15 [ 0.32
[IP-Cap -0.10 [ -0.06 | 0.22 | 0.37 | 0.46 | 0.46 | 0.42 | 0.39 | 0.47 [ 0.61 [ 0.65 | 0.29 | -0.18
[IP-Int 0.07 {017 [ 0.27 | 037 (048 [ 0.54 | 0.50 [ 0.39 | 0.18 | -0.04 | -0.18 | -0.11 | 0.06
[IP-Con -0.04 [ -0.13] 0.10 | 0.32 | 0.55 | 0.68 | 0.70 | 0.58 | 0.38 | 0.18 | 0.01 [ -0.02 | 0.17
[IP-ConD 0.10 [ 0.18 [ 0.21 | 0.28 [ 0.39 [ 0.49 | 0.53 [ 0.47 ]| 0.32 | 0.14 | 0.02 | -0.05 | -0.08
[IP-ConN -0.12{-0.27]-0.03] 0.18 | 0.39 [ 0.50 | 0.51 | 0.40 | 0.26 | 0.12 | 0.01 | 0.04 | 0.27
[IP-Metal -0.03| 0.04 | 0.12 ] 0.18 | 0.24 | 0.30 | 0.32 | 0.27 | 0.12 | 0.00 | 0.03 | 0.44 | 0.63
[IP-Elec 0.25] 013 ]| 0.01 | -0.01] 0.08 | 0.26 | 0.42 | 0.56 [ 0.56 | 0.46 | 0.30 | -0.09 [ -0.28
IIP 0.04 [ 0.04 [ 0.23 | 0.41 [ 0.63 | 0.81 | 0.88 [ 0.78 | 0.59 | 0.38 | 0.20 | 0.08 | 0.11
Infrastructure | -0.13 | -0.08 [ -0.01 | 0.12 | 0.37 | 0.56 | 0.64 | 0.56 | 0.48 | 0.45 | 0.40 | 0.25 | 0.05
Export -0.27]-0.18] 0.03 | 0.19 | 0.35 | 0.46 | 0.52 | 0.53 | 0.51 | 0.43 | 0.33 | 0.21 | 0.25
Import -0.19(-0.11] 0.00 | 0.16 | 0.38 [ 0.59 | 0.74 | 0.79 | 0.74 | 0.61 [ 0.45 | 0.15 | 0.11
Nimport -0.16 [ -0.10] -0.13 ] -0.02 | 0.21 [ 0.44 | 0.65 | 0.76 | 0.77 | 0.75 [ 0.67 | 0.41 | 0.23
Rs Dollar 0.22 [ 0.03 [ 0.09 | 0.13 [ 0.09 [ -0.03 | -0.21 [ -0.32 | -0.43 | -0.46 | -0.38 | -0.02 | 0.05
Forward6 0.28 1 0.16 | 0.21 | 0.26 | 0.27 | 0.20 | 0.05 [ -0.11 [ -0.27 | -0.39] -0.42 | -0.31 [ -0.19
USGDP 027 {030[032|033[032]029]024]018] 0.17] 0.17 | 0.14 | -0.08 | -0.38
USALI 0.36 | 0.30 | 0.20 | 0.20 | 0.23 | 0.24 | 0.22 | 0.20 { 0.19 | 0.22 | 0.24 | 0.17 { 0.07
Euro-LI 0.25 [ 0.04 [ -0.16 -0.17 [ -0.11 [ -0.03 | 0.07 | 0.15 | 0.25 | 0.35 | 0.42 | 0.30 | -0.01
China IP -0.37(-0.15] 0.08 | 0.18 | 0.24 [ 0.29 | 0.35 | 0.46 | 0.56 [ 0.61 | 0.61 | 0.50 | 0.39
Int_Oil -0.15]-0.01) 0.11 | 0.19 | 0.25 | 0.27 | 0.25 | 0.16 | 0.06 | -0.08 | -0.22 | -0.40 | -0.26
Rail 0.01 { 0.08 [ 0.06 | 0.14 [ 0.26 [ 0.39 | 0.48 [ 0.37 | 0.18 | 0.00 | -0.14] -0.10 | 0.17
Cargo 0.11] 0.17 | -0.01| 0.00 | 0.14 ] 0.37 | 0.61 [ 0.77 [ 0.80 | 0.69 | 0.44 | 0.08 [ 0.14
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Annex VIILA.
Clustering of the Quarterly Indicators based on SOM

Cluster-1 Cluster-2 Cluster-3 Cluster-4
M1 0.282 0.055 0.054 0.609
REALMA1 0.000 0.185 0.185 0.630
M3 0.380 0.277 0.277 0.067
REALM3 0.003 0.183 0.183 0.631
CWP 0.142 0.099 0.099 0.660
BCCS 0.352 0.179 0.178 0.291
BCSCB 0.316 0.134 0.133 0.417
NFC 0.307 0.125 0.125 0.442
ADSCB 0.379 0.243 0.242 0.136
DDSCB 0.085 0.133 0.134 0.648
TDSCB 0.366 0.212 0.212 0.210
CHEQUE 0.329 0.270 0.270 0.131
SENSEX 0.002 0.184 0.184 0.630
NET _FIl 0.002 0.184 0.185 0.629
WPI_INR 0.001 0.185 0.186 0.628
WPI_MP 0.001 0.185 0.186 0.628
WPI_FA 0.001 0.185 0.186 0.628
WPI_MIN 0.001 0.185 0.186 0.628
WPI_ALL 0.001 0.185 0.186 0.628
CMV 0.002 0.185 0.186 0.628
RAIL 0.001 0.185 0.186 0.628
CARGO 0.002 0.185 0.186 0.628
CEMENT 0.014 0.176 0.177 0.633
IIP_BAS 0.001 0.185 0.186 0.628
IIP_CAP 0.001 0.185 0.186 0.628
IIP_INT 0.001 0.185 0.186 0.628
IIP_CONG 0.001 0.185 0.186 0.628
IIP_CD 0.001 0.185 0.186 0.628
IIP_CND 0.001 0.185 0.186 0.628
IIP_ METAL 0.001 0.185 0.186 0.628
IIP_ELEC 0.001 0.185 0.186 0.628
1P 0.001 0.185 0.186 0.628
EXPORT 0.006 0.182 0.182 0.631
IMPORT 0.007 0.181 0.181 0.631
NIMPORT 0.005 0.182 0.182 0.631
Rs_Dollar 0.002 0.185 0.186 0.628
FORWARDG6 0.002 0.185 0.186 0.628
USGDP 0.005 0.182 0.182 0.631
USA_LI 0.002 0.185 0.186 0.628
EURO LI 0.002 0.185 0.186 0.628
CHINA 1IP 0.002 0.185 0.186 0.628
INT_OIL 0.002 0.185 0.186 0.628
NAGDP 0.291 0.070 0.070 0.569

Note: Figures presents the deviations from the overall mean.
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Annex VIII.B.
Clustering of the Monthly Indicators based on SOM

Cluster-1 Cluster-2 Cluster-3 Cluster-4
M1 0.3770 0.1780 0.1785 0.2664
REALMA1 0.0013 0.1926 0.1922 0.6139
M3 0.3151 0.2648 0.2649 0.1552
REALM3 0.0068 0.1893 0.1888 0.6151
CWP 0.3067 0.0395 0.0400 0.6138
BCCS 0.4122 0.2857 0.2860 0.0161
BCSCB 0.4041 0.2466 0.2470 0.1023
NFC 0.3995 0.2356 0.2360 0.1290
ADSCB 0.3478 0.2721 0.2723 0.1078
DDSCB 0.1766 0.0861 0.0856 0.6517
TDSCB 0.3728 0.2777 0.2779 0.0717
CHEQUE 0.3713 0.2682 0.2685 0.0920
SENSEX 0.0034 0.1914 0.1910 0.6142
NET_FlII 0.0014 0.1931 0.1927 0.6128
WPI_INR 0.0010 0.1936 0.1932 0.6123
WPI_MP 0.0010 0.1936 0.1932 0.6122
WPI_FA 0.0010 0.1936 0.1932 0.6123
WPI_MIN 0.0009 0.1936 0.1931 0.6123
WPI_ALL 0.0010 0.1936 0.1932 0.6122
CMV 0.0011 0.1937 0.1932 0.6121
RAIL 0.0011 0.1936 0.1932 0.6121
CARGO 0.0011 0.1936 0.1932 0.6121
CEMENT 0.0076 0.1889 0.1884 0.6150
IIP_BAS 0.0010 0.1936 0.1932 0.6122
IIP_CAP 0.0010 0.1936 0.1932 0.6123
IIP_INT 0.0010 0.1936 0.1932 0.6123
IIP_CONG 0.0010 0.1936 0.1932 0.6123
IIP_CD 0.0009 0.1936 0.1931 0.6123
IIP_CND 0.0010 0.1936 0.1932 0.6123
IIP_METAL 0.0010 0.1936 0.1932 0.6123
IIP_ELEC 0.0010 0.1936 0.1932 0.6122
IIP 0.0010 0.1936 0.1932 0.6123
EXPORT 0.0028 0.1917 0.1912 0.6142
IMPORT 0.0038 0.1911 0.1907 0.6144
NIMPORT 0.0025 0.1919 0.1915 0.6141
Rs_Dollar 0.0011 0.1936 0.1932 0.6121
FORWARDS6| 0.0011 0.1937 0.1932 0.6120
USGDP 0.0096 0.1879 0.1874 0.6151
USA_LI 0.0010 0.1936 0.1932 0.6122
EURO_LI 0.0010 0.1936 0.1932 0.6122
CHINA_IIP 0.0010 0.1936 0.1932 0.6122
INT_OIL 0.0011 0.1936 0.1932 0.6121

Note: Figures presents the deviations from the overall mean.
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Annex IX
Comments/ Suggestions received from the members —
identified for action in due course

1. Indian business cycles through the nineties are non-uniform. The variables
isolated in the indicators differ from earlier studies. There is more representation
of financial variables. Since change is rapid, particularly in the last few years, it
may be worthwhile to redo the identification exercise of leading indicators for the
IIP growth rate cycle, focusing on the period 2000 onwards.

2. The de-trending exercise should also be done separately for the latter period.
Even polynomial trends are sensitive to the period used. A graph should show
what the business cycle looks like if the trend is estimated over the later period.

Response to the points 1 and 2:

The Indian economy experienced only two turning points after 2000, based on
the two methodologies followed in the study. Identification of leading economic
indicators based on only two turning points may not be ideal. In case the
analysis is carried out based on the period 2000 onwards, we will have only 72
monthly and 24 quarterly observations, which would be too few to carry out a
meaningful business cycle analysis. Accordingly, this exercise will be carried
out over time as the number of observations becomes sufficiently large.

3. An effort should be made to prepare time series on term structure of interest rate.
Similarly a time series on housing credit can be prepared to substitute for
housing starts.

Response:
As suggested efforts would be made to prepare time series data on the above

mentioned indicators.
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