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Econometric Simulation of the Indian Silk Industry-

Abstract

This study aims at understanding and quantifying the relationship between the
important variablcs of the various sub-sectors of the Indian silk industry through an
cconometric simulation modcl, and using the modcl for forccasting as well as policy
simulations. Forccasts of thc endogenous variables of the system ( demand, supply
and prices of mulberry cocoons, raw silk and silk fabric) was made for the period
1991-92 10 2000-01 which indicated that the growth in the industry will slow down
in future. Policy simulations were undertaken to asscss the changes in the import
price of raw silk, export price of fabrics and regulation of the quantity of imports of
raw silk on the silk industry. While imports and exports were closely linked, their
impact on the silk industry was not very high. It was also revealed that the income
of the consumers and mulberry acreage have significant influence on the industry.



Introduction

The scriculture scctor in India has been identificd by the central govemmecnt as onc of the thrust arcas
for investment. Owing to the labour-intensive nature of sitk industry and the ability to usc low skilled
personncl, the scctor provides employment to more than § million people in the country. This scctor
is considered an efficient redistributor of income as the employment it gencrates is gainful and is
availablc throughout the year to the poorer scctions of the socicty and, the products, considcred as
luxury items, arc mostly purchascd by high income consumers. A wcll developed domestic market
for silk and silk products provides a strong base for expansion of the industry. Increasing popularity
of natural fibres among the environmentally conscious clicntele and the availability of reasonably
priced readymade silk goods within the reach of younger generation in the western countrics have
created considerable expont potential for Indian silk goods.

To facilitate faster growth and proper alignment in the different sub-sectors of the industry, the central
and state governmenits are involved in directing investments and other activities such as research and
development, extension, silkworm egg production, regulation of cocoon and silk markets, market
support opcrations, import restriction and export promotion. Such intensive involvement of the
government requires knowledge on the relationship between variables within as well as across the sub-
sectors so that the investments made and other intervention measures taken in different sub-sectors are
in alignment with the long run profitability of the industry.

Several past studies on Indian agriculture have used econometric models for understanding and
projecting demand for and supply of commodities. Some of these are only demand projection related
studies (Biswas, 1959, Maddala, 1960; Datta-Majumdar, 1963; Patel and Vyas, 1972; Mehta and
Sandhu, 1973; Sikka, 1986). Some studies have developed models for analysing demand and supply
together for agricultural commodities in India (Maji, Jha and Venkataraman, 1971 and Sidhu, 1974).
Hitchings (1984) used a simultaneous equation system framework to ¢xamine the cotton sector in India
and for projecting supply of and demand for cotton for the period 1980-90. Tiwari and Rao (1994)
have developed an econometric model of the international castor oil market and simulated the impacts
of various policy changes on the castor economy of India.

So far no attempt has been made to develop an econometric model for simulation of the behaviour of
the Indian silk industry. This study aims at developing a comprehensive econometric model for the
Indian silk sector to generate long run forecasts and policy simulations.

Nature of Indian Silk Industry

The Indian silk industry consists of five major sub-sectors : mulberry cultivation, silkworm egg
production, silkworm rearing, reeling and weaving, and other subsidiary sectors such as twisting,
dyeing and printing. While all the four types of silk : mulberry, tasar, eri and muga are produced
in India, only the mutberry silkworms are domesticated and contribute as much as 90 per cent to the
Indian silk production. This study considers only mulberry silk for the purpose of modelling.

Raw Silk Supply

Production of mulberry raw silk is mainly confined to the states of Kamataka, Andhra Pradesh, Tamil
Nadu, West Bengal and Jammu and Kashmir, and together account for around 98 per cent of the
production. Efforts are on to introduce mulberry cultivation in non-traditional belts of Karnataka,
Maharashtra, Kerala, Gujarat, Uttar Pradesh, Rajasthan, Bihar, and Orissa.



India currently produccs around 13,000 tonnes of raw silk with an annual growth ratc of around 10
per cent. However, only about 10 to 12 per cent of the domestic production is comparable to the silk
availablc in the intermational market in terms of quality (Naik and Babu, 1993). Since the demand for
betier quality silk is much higher than domestic supply, India imports large quantitics of raw silk. The
volumc of imports in the past ycars have been as much as 15 to 20 per cent of the total raw silk
supply in the country. Imports may incrcasc as thc economy is liberalized and raw silk prices in the
international market declinc.

Production Process

The production process in mulberry silk starts with the planting of mulberry cuttings, and the first
harvest of the lecaves for feeding silkworms is done six to eight months afier planting. Silkworm
rearing begins with brushing of eggs (which are also called seeds). Discasc-free layings (dfls) from
sclective and hygicnically bred silkworms are produced in government grainages or by licensed seed
producers (LSPs). Farmers either buy eggs or chawki-reared worms depending on the convenicnce.
Silkworms are fed for 25-30 days till they attain full growth. They are then transferred to mountages
called chandrike to facilitate them to spin cocoons. The cocoons are harvesied on the fifth day, when
the pupae inside the cocoons are fully formed and become hard. At this stage the cocoons are ready
for reeling.

The process of reeling starts with boiling cocoons to soften the sericin which holds the filaments
together. In India three main types of reeling devices are used : charka, cottage/filature basin and
multi-end basin. Charka is a crude reeling device which produces coarse raw silk. Cottage basin is
an improved machine compared to charka but is still manually operated. Power-driven cottage basins
are called filature units. Multi-ends are more sophisticated machines capable of producing good
quality raw silk. The contribution of charka, cottage basin and filature and multi-end are
approximately 50, 40 and 10 per cent of the total raw silk production respectively.

The silk obtained is first thrown or twisted with other strands of raw silk to form the sitkk yam. A
series of soaking, drying and winding processes are performed for this purpose. The silkk yam is
woven into fabrics in either powerlooms or handlooms, and the approximate share of these two type
of looms in the total silk is 35 and 65 per cent respectively. Dyeing is done either in the yam stage
itself or after weaving. The silk finishing sector produces varieties of goods such as saris, readymade
gamments and accessories, and furnishing fabrics.

Markets in Silk Industry

Marketing in the silk industry takes place mainly at four stages : silkworm egg, cocoon, raw silk and
fabrics. The state sericulture departments and the Central Silk Board play a major role in the
. production and supply of silkkworm eggs. In many places chawki-reared worms are supplied directly
to farmers by the govemment. In Kamataka, there are private licensed seed producers and voluntary
agencies producing silkwormm eggs in addition to the govemment grainages.

The marketing of mulberry cocoons is regulated in all the major cocoon-producing states except West
Bengal. The cocoons are sold in these regulated markets through open auctions. These markets have
been working well and have been able to provide competitive prices to the farmers. However, since
no scientific grading is undertaken in these markets, some doubts have been raised in recent years
about the markets’ ability to provide an incentive price for the improved quality cocoon.

After the establishment of silk exchanges in 1979, by the Kamnataka govemment, silk produced in
Kamataka is largely marketed through them. The reclers as sellers, and the merchants or the weavers



as buycrs have to rcgister in these exchanges. Prices are determined through open auction. As far as
the ability to asscss quality is concerned, it is reported that the price linkage with the quality has been
poor, resulting in higher risk to the reclers (Naik and Asopa, 1993). The cocoon markets and silk
exchanges arc reported to be well integraied indicatling that information flow between these markets
is efficient. However, expcctations of traders in the silk exchange can unduly influence prices in both
markcts (Thomas, 1993).

Raw silk is imported from China (cither directly or through Hongkong), Republic of Korea and Brazil.
Powcrloom weavers prefer imported silk as they consider the uniformity in size of these silk to be
better, winding breaks fewer, and lower degumming losses compared to domestic silk (Naik and Babu,
1993). The need for higher quality silk is greater for export as the exporters have to satisfy stringent
intemational quality requirements.

India has a large domestic market for finished silk products and only a small proportion of the
production is exported (10-15 per cent). The markets for finished products are spread throughout the
country. A study conducted by the Market Research Wing of the Textile Committee during 1982-83
rcported that the sari market was growing annually at a rate of 20 to 25 per cent in terms of quantity
and 11 to 15 per cent in terms of value suggesting a shift in the composition of this market to lower
priced modem saris.

A wide range of products ranging from traditional saris, dress fabrics, ready-made garments to
furnishings in a varied combination of blended weaves including cotton, tasar and waste silk yams find
their way to the export market. The major items of mulberry silk goods (accounting for 90 per cent
of the total silk export) exports are saris, scarves/stoles, dress materials, and readymade garments.
Readymade garments, dress materials, and fumnishings are becoming increasingly important in the
intemational market and India is a major suppliers of these items.

As silk goods are highly income elastic, the demand for these goods in intemnational market for both
traditional high valued fashion segment and non-traditional middle income segments has been growing.
Efforts have been made by the producing countries to introduce new silk products, and other forms
of silk products such as blended fabrics, T-shirts, shorts etc. The changes in the intemnational silk
products market and the liberalization process in progress in the domestic economy offer additional
opportunities for Indian exporters.

Framework of the Indian Silk Model

This study has considered four major sub-sectors for the modelling purpose : mulberry, cocoon, raw
silk, and the silk fabrics sector'. Based on the relationships between the various variables influencing
demand and supply in each sub-sector, linear structural equations were specified to represent demand
and supply conditions. Market clearing conditions were added to the last three sectors as the price in
these sectors are determined by market forces”.

1 The silkworm egg sector consists of government grainages and licensed seed producers. T..e prices of
eygs are determined by the government and they do not necessarily represent market equilibrium ievels.

2 More details in Naik et al (1995).



MULBERRY SECTOR

Mulberry is a perennial crop, therefore, mulberry acreage is dependent on previous years acreage and
the profitability of mulberry as comparcd to the competing crops. Since price is the major variable
affecting profitability, the acrcage is dependent on the prices of cocoons (PC) and competing crops

(PCC) at timc t-1. lrrigated and rainfed mulberry acreage have different responses to prices of cocoon
and compcting crops, and hence, are specified separately.

Therefore, irrigatcd mulberry acreage (MAI) function is,

MALI, = f( MAL, ,PC,, . PCCI, ) (N
and rainfed mulberry acreage (MAR) function is,

MAR, = f( MAR,, , PC,, , PCCR,,) (2)
COCOON SECTOR

The demand for cocoons can be specified as a factor demand function as it is a derived demand.
Hence, demand for cocoon (DC) at time t is dependent on price of cocoon at time t and pnce of raw
silk®> (PS) and demand for cocoon at time t-1.

DC, = f(DC, , PC,, PS,)) 3
Assuming assured supply of silkworm eggs from government grainages and LSPs, cocoon production
would depend on the mulberry leaves availability. Since mulberry is a perennial crop, mulberry leaves
availability in the current year would depend on the mulberry acreage in the previous year. Therefore,
supply of cocoon (SC) in the current year is influenced by the previous years mulberry acreage and

time trend. Trend variable was introduced to account for the changes in cocoon production per
hectare.

SC, = f( MAL,, , MAR,, , TREND) (C))
The market for cocoon is competitive, and therefore, equilibrium condition specifies, that

DC, = SC. &)
RAW SILK SECTOR

As supply of raw silk is less elastic in the short run, a price dependent demand function for raw silk
was specified in the model. That is, silk price is dependent on demand for raw silk (DRS), price of
cocoon, price of fabrics (PF) and import price of silk (IMP).

PS, = f( DRS, , PC, , PF, , IMP) (6)

Total supply of raw silk mainly comes from domestic production and imports. Domestic silk
production (DSP) is influenced by demand for cocoons and price of silk at time t.

3 Previous year price of s’k was incorporated in the model as the coefficient on current year price was
not consistent with the theory.



DSP, = {( DC, , PS) M
Since impont of raw sitk was restricted by the government and is only allowed to silk good exporters
to mcct their raw matcrial needs, the raw silk imports is dependent on amount of silk fabrics exported

(EDF) in the previous ycar, and the difference in the domestic silk price and impont price of raw silk
(DFPIMP) at timc t.

IM, = {( DFPIMP, , EDF, ) (8)
The market for raw silk is in cquilibrium when the demand for raw silk equals the supply.

DRS, = DSP, + IM, )]
SILK FABRICS SECTOR

Total demand for silk fabrics consists of domestic demand and export decmand. In this sector also, an
inverse consumer demand function was introduced. The price of silk fabrics (PF) is dependent on
domestic demand for fabrics (DDF), per capita income (Y) at time t and price of fabrics at time t-1,

PF, = f( DDF, , Y, , PF,,) (10)

The export demand for fabrics (EDF) is determined by world per capita income (WY) and export price
of fabrics adjusted for exchange rate (EPFA) at time t.

EDF, = f ( WY, , EPFA)) (11)
Supply of fabrics at time t is determined by demand for raw silk at time t and a time trend.

SF, = f( DRS, , TREND ) ‘ (12)
The fabrics sector is in equilibrium when,

SF, = DDF, + EDF, (13)

In the mulberry sector, mulberry leaves producers (farmers) are also the cocoon producers as a result
there is no explicit market for mulberry leaves. Therefore, the mulberry sector equations were kept
outside the system, and mulberry acreages were introduced as exogenous variables in the supply of
cocoon equation. Therefore, equations 3 to 13 were estimated using system estimator, and equations
1 and 2 were estimated separately using OLS. The identification of the system was done using rank
and order conditions to examine the estimability of the model and all the eight equations of the model
were found to be overidentified.

Data Base and Data Adjustment

Annual data of the various variables collected from various sources for the period 1971-72 through
1991-92 were used in this study. As raw silk price was not available at the aggregate level, filature
silk price (PFIL) was taken to represent the price of silk. Data on world per capita income pertained
to the OECD countries only as they are the major consumers of silk products. The export price of
Indian silk fabrics (EPF) was obtained by dividing the total value of exports by total quantity exported.



In ordcr to isolatc the true relationships, monctary variables were transformed into real variables by
using appropriatc dcflators. All price and wagc variables were deflated by the wholcsale consumer
pricc indcx (CP) except the export price of fabrics (EPF) which was adjusted by the exchange ratc
of rupce versus U.S. dollar (ER1). Prefix D is added to the new scrics of the deflated variables.

Estimation of the Model
The results of the 3SLS cstimation of thc modcl arc prescnted below.

COCOON SECTOR

DC, = 10809 + 1.085*DC,, - 1054.5*DPC, + 11.164*DPFIL, ,
(1.44) (16.89) (-2.04) (0.26)
R? = 0.97

SC, = - 6927.4 + 0.345*MAL, + 0.228*MAR_, + 708.65*TREND
(-087)  (5.69) (2.41) (1.10)
R? = 0.97

RAW SILK SECTOR

DPFIL, = 37.766 - 0.002*DRS, + 4.532*DPC, + 3.094*DPF, + 0.468*DIMP,
(291)  (-2.01) (2.90) (1.58) (6.37)
R’ = 0.85
DSP, = -2711.7 + 0.118*DC, + 3.852*DPFIL,
(-6.83)  (44.35) (1.71)
R =099
M, = -777.02 + 5.35*EDF,, + 11.95DDFPIMP,
(4.14)  (7.64) (5.87)
R? =0.78

FABRICS SECTOR

DPF, = - 19.641 - 0.006*DDF, + 0.980*DPF,, + 0.015*Y,
(-2.02)  (-1.36) (4.13) (2.14)
R?=0.77
EDF, = - 85149 - 18.79*EPFA, + 0.076*WY,
(-20.8)  (-5.50) (21.3)
R? = 0.97

3

C)

(6)

@)

®

(10)

(11)



SF, = - 107.38 + 0.150*DRS, - 11.679*TREND
(-6.03) (24.65) (-3.05)
R? = 0.99

(Figures in parcntheses arc asymptotic t-valucs)
IDENTITIES

DC, = SC,

DRS, = DSP, + IM,

SFt = DDF, + EDF,

DEFINITIONS OF VARIABLES USED :

Endogenous Variables

DC Dcmand for cocoons (tonnes)

SC Supply of cocoons (tonnes)

DRS Demand for raw silk (tonnes)

DSP  Domestic raw silk production (tonnes)

IM Quantity of imports of raw silk (tonnes)

DDF Domestic demand for silk fabrics (lakh sq mtrs)
EDF Export demand for silk fabrics (lakh sq mtrs)
SF Supply of silk fabrics (lakh sq mtrs)
DPC Deflated average price of cocoons (Rs/kg)
DPFIL Deflated price of silk (Filature) Rs/kg)

DPF Deflated price of silk fabrics (Rs/sq mtr)

Exogenous Variables

EPFA* Export price of fabrics (U.S.Dollars/sq mtr)

wY Per capita income of OECD countries (U.S.Dollars)

Y Deflated per capita income in India (Rupees)

DIMP Deflated import price of raw silk (Rs/kg)

DDFPIMP Deflated domestic and imported silk price difference (Rs/kg)
MALI Mulberry area under irrigated condition (hectares)

MAR Mulberry area under rainfed condition (hectares)

TREND Time trend variable

(12)

(5)
®
(13)

The estimated equations of the model have reasonably good fits as evident from their R? values. The
extent of variation of the dependent variables explained varies from 77 to 99 per cent, and the

regression coefficients of the explanatory variables have expected signs.

The lagged demand has the major influence on the current demand for cocoon which highlights the
asset fixity nature of the reeling units. The price of cocoon also has a significant influence on its
demand. Mulberry acreage, both irrigated and rainfed, have significant influence on supply of

4 Deflation of EPFA and WY was not done as the inflation rates in USA are very low.
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cocoons. As expected the cocfficient of irrigatcd mulberry acrcage is larger than the coefficient of
rainfed mulberry acreage. An additional hectare of mulberry under irrigated conditions can increase
the production of cocoons by about (.35 tonnc whercas an additional hectare of rainfed mulberry
producces (.23 tonnc of cocoon.

The estimaled inverse demand function for raw silk reveals the significant influence of the demand
for raw silk, price of cocoon, and import pricc of raw silk on the price of raw silk. The result
indicates that the filature silk price is responsive to the raw silk price in the intcrnational markct. The
cocfficicnt of demand for cocoon is highly significant in the domestic silk production equation. The
valuc of the cocfficicnt indicatcs that the average renditta has been around 11.8. The raw silk import
equation has a rcasonably good fit and both the explanatory variables have a significant influcnce at
5 per cent level.

The price of silk fabrics in the current period is primarily influcnced by the price in the previous ycar
and the per capita income. The export price of fabrics and world per capita income are significantly
influencing export demand for fabrics. The supply of fabrics is influenced by demand for raw silk and
the trend variables. The coefficient of the demand for raw silk (0.15) suggests that, for every kilogram
of raw silk, 15 square meters of fabrics are produced which is consistent with the ratio in practice.
However, the negative and significant influence of the trend variable indicates the probablc shift of
the product mix towards heavier silk goods over the years.

Validation of the Model

The purpose of model validation is to assess the ability of the model to represent the real world
accurately. For the present model, appropriateness of the theoretical specifications and the statistical
tests of the estimated equations/parameters along with the performance of the model in tracking the
historical period of fit have determined its validity. For validating the model as a dynamic system,
evaluation of the stability of the model, its ability to simulate historical data, and its response to shocks
in the system were examined.

Each one of the equation in the model has been developed based on economic theory and contextual
familiarity of the industry. Therefore, the model specifications appears to be logically sound and are
supported by statistically significant coefficient estimates that have signs and magnitudes consistent
with theoretical specifications.

The stability condition of the model was examined by computing the latent roots of the matrix of the
reduced form coefficients of the lagged endogenous variables. None of the latent roots of the matrix
were found to have a value more than one which indicates that the system is stable. Since the
dominant root of the matrix was negative (-0.982), the system will show oscillating convergence.

Predictive Performance of The Model

Tracking the model through historical period of fit can be done in different ways. For validation of
the performance of the model, both static and dynamic simulation were conducted®. Static simulation,
which gives the short term predictability of the model, was done for the period 1972 to 1991.
Dynamic simulation using the actual values of exogenous variables and initial year lagged endogenous

5 Static simulation gencrates one year ahead predictions of the endogenous variables for a given set of
conditions, i.e., the values of predeicrmined variables. Dynamic simulation involves generating
solutions for a system for a period of time ie, a single multi-period simulation. Dynamic and static
simulation can also be done using forecasted values of exogenous variables rather than the actual values.
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variablcs was carricd out for two periods : a twenty ycar period (1972-1991) and a ten year period
(1982- 1991). Dynamic simulation using forccasicd valucs of exogenous variables was also donc for
a ten ycar period (1982-1991). Evaluation of the results of the dynamic simulation will reveal the long
tcrm prediciability of the model.

Comparison of thc modcl gencrated historical predictions with the actual valucs of the endogcnous
variables were madce using the following criteria:

(a) Percentage rool mean square error (PRMSE)
(b) Theils incquality cocfficicnts (U,)

PRMSE

The PRMSE valucs for all endogenous variables for differcnt simulations are given in Table 1. They
indicate that the model gives a reasonably good forecast of the endogenous variables of the system
for the historical period. The values of price variables were , however, comparatively higher than
quantity variables. However, further improvement could not be made in the performance of the model
with alternative specifications. Among the quantity variables, PRMSE values for import of raw silk
and export of fabrics were comparatively higher. This was because the levels of imports of raw silk
and exports of fabrics were very low in the initial years of historical period.

Table 1 : PRMSE Values of Static and Dynamic
Simulations
EndogcnousT Type of Simulation
Variable Static Dynamic Simulation
Simulation 20 Yrs(.) 10 Yrs(l) 10 Yrs(b)
DC/SC 7.12 7.12 5.39 6.08
ERS 8.76 9.02 5.87 5.46
&\4' 28.85 28.13 27.93 36.83
[ESP 7.43 7.85 7.08 8.26
DDF 10.94 11.27 11.02 7.97
EDF 16.28 16.28J 10.20 2247
sF 8.16| 837 831 6.86
DPC 27.41 18.39 2824 30.@
DPFIL 14.83 8.70 12.57 14.33
DPF 1056 1438 1830  26.54
Notes:
b PRMSE value is for the last 10 years as the initial
year figures were not  very reliable
(a) dynamic simulation with actual values of exogenous
variables
(b) dynamic simulation with forecasted values of
exogenous variables

.



PRMSE valucs of static and dynamic simulations for the complcte historical pcriod were quite similar
except for the pricc variablcs. PRMSE valucs for DPC and DPFIL were lower for dynamic
simulations, whercas for DPF PRMSE valucs for dynamic simulations were higher as compared to
stalic simulations. This indicatcs that, given the actual valucs of exogenous variables, the dynamic
simulation was ablc to track the valucs of cndogenous variable as accuratcly as the static simulation.
The modcl’s tracking ability of the actual valucs of endogenous variablcs for the last 10 years scems
to be better as evident from the lower values of the PRMSE values.

Comparison of PRMSE values of 10 years dynamic simulation with actual and forecasted values of
exogenous variables reveals that the performance of IM, EDF, and price variables was more sensitive
to the forecasted valucs of exogenous variables. Therefore, emphasis should be given to obtain more
accurate forecasts of the exogenous variablcs if the objective is to obtain more accurate forecasts of
these endogenous variablcs.

THEIL'S COEFFICIENT

The U, statistics for the endogenous variables in the model for different types of historical simulations
are given in Table 2. The values indicate that the model performed reasonably well and are consistent
with the findings of the PRMSE statistics. The U, coefficients for raw silk import, prices of cocoon
and silk fabrics, and domestic demand for fabrics were marginally greater than one indicating that the
forecasts of these vatiables are not very accurate. The U, coefficients further reveal that dynamic
simulation performance was comparable to that of static simulation which indicates that the model can
be used for long run forecasts.

r 1
| Table 2 : Theil's Inequality Coefficients (U,) of Static and
Dynamic Simulations
Endogenous [ Type of Simulation j
Variable Static Dynamic Simulation '
Simulation ) ®)
10 Yrs 10 Yrs j
DC/SC 0.76 0.76 0.78 0.89 J
DRS 0.74 0.80 0.81 0.73]
M ’ 1.14 115 | 1.05 1.09 |
DSP ‘ 0.82 0.83 0.82 0.88 |
= |
DDF 1.01 1.08 1.00 0.83 |
EDF 0.59 0.59 0.49 0.99
SF 0.88 0.95 0.92 0.82
DPCC 1.26 1.07 1.15 1.10
fDPFIL 0.99 0.66 0.73 0.95 |
' DPF 0.94 1.30 1.28 1.83
Note: (a) dynamic simulation with actual values of exogenous
variables
(b) dynamic simulation with forecasted values of
exogenous variables
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Adequacy of Model Specifications

The mean squarc simulation error was decomposcd into bias, variance, and covariance componcnts
to examinc the adcquacy of the model specifications. The valuc of bias and variance proportion closcr
to zcro indicalcs the adcquacy of the model's specifications®.

Table 3 gives the dccomposition of the mcan square prediction error expressed as proportions for each
of the endogenous variables for static and dynamic (20 ycars) simulations. The valucs of these
componcnls indicate reasonably good specification of thc model. In both simulations the bias
components were almost zcro for all the endogenous variabics, thereby indicating the absence of
systematic error in thc model. The variance components of the endogenous variables for static
simulation were also close to zero. However, the variance components of the price variables in
dynamic simulation werce slightly high.

Table 3 : Components of Mean Squared Error for Static anﬂ
Dynamic Simulations as Proportion of Total
Endogcnous [ Static Simulation nynamic Simulation
Variable Ubias J Uvar Ucov | Ubias | Uvar | Ucov
DC/SC 000 | 001 | 099| 000 001 099
DRS 000 002, 098 000| 002| 098
M 000 004] 096| 000| 004 096
DSP 000, 000/ 100, 000 | 001 | 0.99
DDF 000| 000| 100| 0.00] 000 1.00
EDF 000| 001| 099] 000 001 | 099
SF H).oo 001 | 09| 000| 001 09
DPC 000 009 | 091 003 0.14 | 0.82 |
DPFIL 000 | 003 097 002 | 0.11| 086
DPF 0.00 Lo;ozj 098 | 000 | 029 | 071 |

Ex-post Forecast Performance

Given the satisfactory historical predictive performance of the model obtained so far, it would be of
interest to evaluate the ex-post predictive performance of the model. Predictions of the endogenous
variables were made for the year 1992-93 by updating the exogenous variables and lagged endogenous
variables. Since accurate prediction of imports of raw silk was difficult, another set of predictions of
the endogenous variables were made by replacing the import equation in the model by actual values
of imports. However, no significant difference in the predicted values of the endogenous variables
from the two set of simulations were found.

The two sets of predictions along with the actual values of endogenous variables are presented in
Table 4. The simulated values reveal that the accuracy of the predictions of imports of raw silk and
exports of silk fabrics was low. This was because the liberalization of the economy had begun in that

6 see Pindyck and Rubinfeld, 1991 for details,
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particular ycar which had its impact on both exports and impons scctors of the silk industry.
Relatively large crrors for some of the other endogenous variablcs were also because of the
liberalization process. This was evident from the predictions of Sim B where when actual valucs of
imports of raw silk was uscd, the prediction errors were low for diffcrent endogenous variables except
for export demand for fabrics and price of cocoon. Large errors in the prediction of cocoon prices
could bc from large fluctuations in the prices in the previous year as a result of speculation in the

market (Thomas, 1993).

structural changes take place in the system.

The modecl is expected to perform better for subsequent years unless

Table 4 : Ex-post forecast performance of the model for the year 1992-93
Endogcnous - Values of Endogenous Variables Deviation/Actual
Variables [ 4 cyal Sim-A Sim-B
DC/SC 1296850 | 1210684 | 1210684 | 6.6 6.6
DRS 15827.0 14001.0 15057.3 11.5 49
IM 28270 1754.6 2827.0 37.9 00
DSP 13000.0 12246.4 12230.3 5.8 59 |
DDF | 19604 15844 | 17423 19.2 11.1 -
EDF | 2648 | 3ns 3718 404 |  -404
SF 22252 1956.1 | 2114.1 12.1 5.0
DPC 13.5 8.1 8.1 40.0 40.0
| DPFIL } 165.3 161.6 157.4 22 48
DPF 26.4 30.7 29.7 -16.2 -12.5
Notes: |
Sim-A : Static simulation using actual values of lagged endogenous and
exogenous variable.
Sim-B : Static sirnulatign using acftual values of la_gged endogenous and
exogenous variables and imports of raw silk.

Multipliers

Multipliers are potentially useful tools for assessing the impact of a definite change in the exogenous
variable on the values of endogenous variable in a dynamic system. A short-run multiplier (impact
multiplier) gives the estimated effect of a change in any of the exogenous variables or lagged
endogenous variables on the current period values of the endogenous variables. A long run multiplier
gives the effect of one time change in the exogenous variable’ or once for all change in the behaviour
of the exogenous variable® on the final values (long run) of the endogenous variable in a converging
system,

Table S gives the impact multipliers of the lagged endogenous variables for the estimated empirical
model. An increase in the demand for cocoon by one tonne would lead to increase in silk production

7 A system with the exogenous variable at a fixed level.
8 A system with varying levels of exogenous variable.
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by 0.02 tonncs and supply of fabrics by 0.003 lakh square metcrs in the following year. Although no
apparcnt rcason can be attributed to this relationship, increase in investments on improved recling
machincry, efc., could lcad 10 slightly more production in the next ycar.

Table § : Short Term Multiplier of the Lagged Endogenous
Variable for the Endogenous Variables

Endogenous Lagged Endogenous Variable
; -
- Variable DCi-1 | EDFt-1 | DPFILt-1 | DPF.I

DCISC |
DRS | 0018 5.27
oM 5.35

DSP 0.018 -0.08 0.182

7.555
DDF 0.003 0.788 0.027 | 113

EDF J
|

.

SF 0.003 0788 | 0027 1.13
| DPC 0.001 0.011

DPFIL 0.005 "-0.02 0.047 1.961

DPF | oom

An increase in the export demand for fabrics by one lakh square meters increases the imports of raw
silk in the succeeding year by 5.35 tonnes and thereby leads to Re. 0.02/kg decline in the real price
of raw silk. A unit increase in the real price of raw silk (filature) in the previous year increase
domestic silk production by 0.18 tonnes and real prices of cocoons and raw silk by Re. 0.01 and Re.
0.05 per kilogram respectively. An increase in the real price of fabrics by Re. 1 raises the silk
production by 7.55 tonnes, fabrics production by 1.13 lakh square meters and price of raw silk by Rs.
1.96/kg in the succeeding year.

The impact multipliers for the exogenous variables given in Table 6 indicate that a unit increase in
the real price of imported raw silk would have an initial impact of increasing domestic silk production
by 1.78 tonnes, supply of fabrics by 0.26 lakh square meters, and real raw silk price by Re. 0.46/kg.
The long run multipliers (Table 7) indicate that the increase in the real price of imported raw silk in
the long run would lead to increase in domestic silk production by 1.1 tonnes and price of raw silk
by Re. 0.29/kg only. This was supported by low import price elasticities (both long run and short run)
of domestic silk production, supply of fabrics and price of raw silk (Appendix 1). Since imported raw
silk competes with a very specific segment, domestic high quality silk, its effect on the domestic raw
silk sector is expected to be low.

An increase in the import price of raw silk results in a decrease in the difference between prices of
domestic filature silk and imported raw silk (DDFPIMP). A unit decrease in DDFPIMP would lead
to a decline in the imports of raw silk by 12.14 tonnes and increase in domestic silk production, real
prices of raw silk, and silk fabrics by 0.18 tonnes, Re. 0.05/kg and Re. 0.01/square meter, respectively
for the current year. This decrease would be beneficial to the domestic silk industry in the long run.
In the long run, the domestic industry would make adjustment to a unit decrease in DDFPIMP in the
form of reduced imports of raw silk (11.95 tonnes), increased domestic raw silk production (5.01
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tonnes), and the pricc realization of cocoons (Re. 0.01/kg), raw silk (Rs 1. 31/kg) and fabrics (Re.

0.60/squarc mcter).

Table 6 : Short Term Multiplier of the Exogenous Variable for Endogenous Variable
|
Endogcnous Exogenous Variable
Variable "o END | DIMP | DDFPIMP| WY | DPCI | DEPF | MAIt-1 | MARt-1
DC/SC 708.7 ] 0345 | 0228
DRS 71.65| 1777 1177 | 0004/ 0.111 | -089 | 0.035 | 0023
|
M 11.95 f
DSP 7165 1177 018 | 0.004] 0.11] | .08 | 0035 | 0023
DDF 096 0.266 176 | -0.08|0.017 | 18.66 | 0.005 0.003
| EDF 7 0.076 -18.8 |
SF 096 0.266 1.76 0017 | -013 | 0.005 | 0.003
DPC -0.67 | I
_
DPFIL -3.18| 0461 ( -0.05 0.029 | -0.23
DPF 0.006 ! -0.01 0014 | 012 |
. . 1 . . =
Table 7 : Long Term Multiplier of the Exogenous Variable for the Endogenous Variable
rEndogenOus Exogenous Variable
Variable
i TREND | DIMP | DDFPIMP| WY DEPF | MAIt-1 | MARt-1
DC/SC 708.7 0.345 0.228
DRS 81.69| 1.1 6933 | 0447 6483 -110 | 0024 0.016
H | 07| 6ass]
M | 11.95 | 0.406| -101
DSP 81.69| 1.1 502 | 004 | 6488 -992/ 0024 0.016
DDF 0.538] 0.164 1.037 | 0.97 r2.271 0.004 0.002
E— SR
EDF i 0.076 -18.8JF B
SF 0538, 0.164 1037 | 0067 097 | -165 0.004 0.002
— ]
DPC |  00s1| 0.003 0,01 0018 -0.03 |
DPFIL 058 0.285 13| 001 | 1.684| -2.58
DPF 032 -01 061 | 0005/ 0803 -1.33 |

Increase in income, both world (OECD) and domestic, would lead to an increase in the demand for
silk fabrics. The multipliers indicate that the impact of the increase in the per capita income (both

world and domestic) would be larger in the long run as the industry takes time to adjust.

This

observation was also supported by the income elasticities (Appendix 1). World income elasticities for
demand of fabrics was same for both short run and long run, and was also higher than domestic
income elasticities. High income elasticities of demand of silk fabrics is expected as silk is a luxury

good.
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An increasc in the real export price of fabrics by onc dollar/square meters would result in a decline
in exports by 18.8 lakh squarc meters in the current ycar. The supply of fabrics would declinc by 0.13
units only as 18.66 units would be diverted to the domestic market. As a result, the raw silk and
fabrics priccs declinc by Re. 0.23/kg and Re. 0.12/square meter, respectively.  An increase in the
export price of fabrics by a dollar would have adverse impact on the silk industry in the long run. The
reduction in the export demand for fabrics (18.8 lakh square mcters) cannot be divented (o the
domestic market and the total demand for fabrics would go down by 16.5 lakh square meters in the
long run. As a result, imports of raw silk and domestic silk production would reduce by 110 metric
tonnes and 10 metric tonncs respectively. The prices in the domestic market would also decline in
the long run. However, the export price elasticitics of the different endogenous variables were low.

The multiplicrs also indicate that an additional hectare of irrigated and rainfed mulberry would increase
cocoon production by 0.34 and 0.23 tonncs respectively. As expected, the shon run acreage elasticity
of cocoon price was high, whereas in the long run it was low. The signs and magnitude of the other
impact multipliers were also consistent with the theoretical expectations and actual observations.

The multipliers revcal the strong interlinkages between the import of raw silk and export of fabrics
sectors. However, the impact of changes in the income (both world and domestic) and mulberry
acreage was more pronounced on the domestic silk industry as compared to the changes in import
price of raw silk and export price of fabrics.

Simulation of the Model

Given the adequate performance of the model as a dynamic system, dynamic simulation were made
for the period 1991-92 to 2000-01. Different policy scenarios were also simulated to assess their
impact on the silk industry.

Baseline Simulation of the Model

The model was simulated to generate forecasts for the endogenous variables for the period 1991-92
to 2000-01. The actual values of the endogenous variables for the year 1990-91 were used as values
of initial year lagged endogenous variables. Forecasts of the exogenous variables were made using
best fit trend regression. However, import price of raw silk was set at the mean value of the period
from 1989-90 to 1991-92 as the trend regressions for the variable had a poor fit. Mulberry acreages
(rainfed and irrigated), exogenous variables in the supply of cocoon equation, were estimated by
separate equations and are recursively linked to the system.

The base line simulation forecasts are presented in Table 8. Cocoon production will grow at the rate
of 4.03 per cent per annum and will reach 166.5 thousand tonnes by the year 2000-01. Domestic silk
production will increase at a slightly higher rate of 4.99 per cent per annum which is indicative of the
increase in the production of good quality silkk. This can be seen from the reduction of mean renditta
from 9.8 in 1991-92 10 9.3 in 2000-01.

Imports of raw silk are expected t0 grow at an average rate of 7.5 per cent per annum in the
simulation period. However, the interaction between the impact of the impor price of raw silk and
quantity of imports on the domestic raw silk price, and the impact of domestic raw silk prices on
import of raw silk leads to oscillating movements in the forecasted values of the raw silk imports. The
export demand for fabrics will increase at an average rate of 6.01 per cent per annum and reaches 573
lakh square meters by 2000-01.
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__;i;nrble 8: ane-lh;é Simulation Valués (;f theind]genous Variables of the S_ystem_for lie-
period 1991-92 to 2000-01.

"YEAR | DOSC| DRS| IM | DSP | DDF | EDF| SF | DPC | DPFIL | DPF
1991 | 117157 13806| 1841 | 11964 | 1599 | 339 | 1939 | 209 | 2086 | 229
1992 | 120885 | 14295| 1924 |12371| 1637 | 363 | 2000 | 18.3 | 199.6 | 24.8
1993 | 130092 | 15185| 1803 |13382| 1735 | 387 | 2122 | 133 | 1790 | 26.7
1994 | 136635 | 16327 2112 | 14215| 1869 | 412 | 2281 | 164 | 1940 | 28.5
1995 | 138877 17104 | 2532 | 14573 | 1948 | 437 | 2385 | 21.1 | 2180 | 30.6
1996 | 143588 | 17718 | 2607 | 15111| 2002 | 463 | 2465 | 192 | 213.0 | 33.0
1997 | 151871 | 18667 | 2617 | 16050| 2106 | 490 | 2595 | 162 | 202.1 | 35.5
1998 | 158103 | 19768 | 2926 | 16842| 2232 | 517 | 2749 | 187 | 2161 | 37.9
1999 | 161572 | 20617| 3293 |17324| 2319 | 545 | 2864 | 21.9 | 2346 | 406
2000 | 166938 | 21378 | 3425 | 17953| 2393 | 573 | 2966 | 20.6 | 233.1 | 437

The forecasted values of real price of cocoon and raw silk also show oscillating fluctuation converging
towards an upward trend. The average rate of increase in the real prices of these goods will be lower
than the growth in other endogenous variables. However, the forecasted price of fabrics increases
from Rs 23/sq mtr in 1991-92 10 Rs 44/square meter in 2000-01 at an average rate of 7.4 per cent per
annum. This may have been owing to high income elasticities of demand for silk fabrics.

Effect of Changes in the Import Price of Raw Silk

China plays a dominant role in the intemnational silk trade, and therefore is a major player in
determining silk prices in the international market. China’s policies on price of silk so far has been
difficult to predict as they are not determined solely based on market forces. Since more than 20 per
cent of the raw silk consumed in India is imported mainly from China, the impact of possible changes
in import prices have to be assessed in order 10 take appropriate actions. This will also help to assess
the impact of tariff, if any, put on raw silk imports.

Simulations were conducted to assess the impact of change in the import price of raw sitk (DIMP) on
the silk industry. Two runs of the model were made : one with a 25 per cent increase and the other
with a 25 per cent decrease in the import price of raw silk over the base level for the simulation period
(1991-92 to 2000-01). The simulated values of the endogenous variables of the base run projection
and the two alternative runs are presented in Appendix 2.

As a result of a 25 per cent increase in DIMP, the immediate impact on the industry will be a
reduction in the quantity of imports by about 190 tonnes, increase in domestic silk production by about
60 tonnes and increase in the price of raw silk by Rs. 15/kg over the base level. Fabrics supply will
be 20 lakh square meters lower than the base level. The industry gears up to the shock in the
succeeding years. There will be a slight increase in cocoon production over the base level. There will
be an improvement in the quality of cocoon production and silk reeling process (lower renditta). As
a result, there is progressive increase in the domestic silk production, and by 2000 AD production will
be about 130 tonnes above the base level. Thus, the supply of fabrics will be only 6 lakh square
meters lower than the base level by the end of the period. The changes in the simulated values of the
imports of raw silk and the filature price as compared to the base level will remain almost same over
the simulation period.
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The modcl for the silk industry being a lincar system, the magnitude of a change in the endogenous
variables as a result of the 25 per cent decrease in DIMP is cqual but opposile to the magnitude of
change as a conscquence of 25 per cent increase in DIMP. Therefore, the decrcase in the impont price
of raw silk will have an adverse impact on the domestic silk industry Icading to a fall in domestic silk
production and prices.

Effect of Regulation of Raw Silk Imports

India imports raw silk to mect the demand for high quality silk to produce silk goods for the domestic
and cxport markets. Prices of raw silk in the intcmational markct are often lower than domestic raw
silk prices. As beticr quality fabrics are being demanded in domestic and expon markets, the demand
for quality silk is incrcasing. However, government restricts raw silk imports to encourage domestic
reelers to produce high quality silk. Though a clear analysis of the effects of increased imports on
production of high quality silk in the country is beyond the scope of this model, its overall impact on
the silk industry can be assessed.

Simulations were carried out to assess the impact of the policies intended towards increase/decrease
in the import of raw silk by 1000 metric tonnes over the base line level. For these simulations, the
intercept of the import of raw silk equation were modified’. The values of the two simulation runs
along with the base run simulation are presented in Appendix 3.

A decrease in the quantity of imports for the initial year will lead to a reduction in the supply of
fabrics for the domestic sector and increase in the prices of raw silk and fabrics as compared to the
base value. In the long run, import restriction seems to have lesser influence' on the domestic silk
industry as compared to an increase in import price as evident from a marginal increase in cocoon
production and domestic silk production over the base value. However, under the import restriction
regime, there is a progressive increase in the price of raw silk and silk fabrics over the base run value.

The policies intended to increase the quantity of import of raw silk by 1000 metric tonnes over the
base level will depress the prices in the domestic raw silk and fabrics markets.

Effect of Changes in the Export Price of Fabrics

In the international market the demand for silk goods from new customer segments and appreciable
demand for non-traditional apparels have increased the scope of Indian silk goods. The liberalization
process in progress in the country offers considerable opportunity to the fabrics sector for exports.
The changes in the intemational and domestic markets may lead to a change in export price
realizations of silk fabrics. Therefore, it would be of interest to examine the impact of changes in the
export price of fabrics on the silk industry.

Simulation of the model for the period 1991-92 to 2000-01 were made with 20 per cent
increase/decrease in the export price of fabrics over the projected base run values. The simulated
values of the endogenous variables along with their base run values are presented in the Appendix 4.
The impact of a 20 per cent increase in the export price of fabrics will result in a reduction in the

9 To assess the effect of the policy desiring reduction in the import of raw silk by 1000 mt. over the base
level, the intercept was reduced by 1000 and vice-versa.
10 As we had seen in the previous section, a unit increase in import price had decreased the import of raw

silk of by around 170 tonnes and increased the domestic silk production by 130 tonnes through out the
simulation period. However, an import restriction of 1005 tonnes has increased domestic silk
production by 100 tonnes over the same period.
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export demand for fabrics by about 35 lakh square mcters over the basc value in the initial year. This
in turn Icads to sharp rcduction (about 180 tonncs) in the impon of raw silk in the nicxt ycar over the
basc valuc. The decline in the expont of fabrics and impornt of raw silk incrcases progressivcly over
the base valucs throughout the simulation period. This strong linkage between import of raw silk and
cxports of fabrics is bccause of the government policy of export-linked imports and usc of imporicd
silk in production of silk goods for cxpors.

However, the influcnce of an increase in DEPF and a resultant decline in the fabrics exports will be
very marginal on the domcstic scctors as is evident from the negligible shifts in the simulated cocoon
supply, domestic silk production, demand for fibre in the domestic markel, and the prices of cocoon,
raw silk and fabrics. This is probably because of the low share of exports in the total silk fabrics
produced in the country.

Conclusions and Policy Implications

The Indian silk industry consists of various interlinked sub-sectors involved in the production of final
silk goods. The overall growth of the industry requires sequentially consistent growth in all the sub-
sectors. Designing and implementation of appropriate policies for this industry requires an indepth
understanding of demand and supply relationships in these sub-sectors and their interlinkages. This
study aimed at understanding and quantifying the relationship between imponiant variables of the
various sub-sectors of the Indian silk industry by developing an appropriate econometric simulation
model, and using it for policy simulations.

An integrated simultancous system of the silk industry was developed to represent the inter-relationship
between the important variables affecting the demand and supply of the products of each sub-sector.
The empirically estimatable 11 equation model represents the cocoon, raw silk and silk fabrics sectors.
Mulberry sector was incorporated in the cocoon sector equations. Mulberry acreages (irrigated and
rainfed) equations were estimated separately and used as recursive equations in the system for dynamic
forecasting purpose. The data for the period 1972-73 to 1991-92 was used to estimate the model.
Most of the equations in the model had performed reasonably well in terms of signs and significance
of the coefficients and the goodness of fit (R?). The model is of oscillating convergence nature and
can be used for long term forecasting.

The models ability to track historical data was good in both static and dynamic simulations. Predictive
performance of quantity variables were better than price variables except for imports of raw silk.
Imports of raw silk had shown large fluctuations over the years due to various unaccounted factors
and the model could not replicate it adequately. The dynamic simulation using the forecasted
exogenous variables revealed that the imports of raw silk, exports of fabrics and price variables were
very sensitive to the accuracy of the values of the exogenous variables. The decomposition of the
mean square prediction error reveal that the model has been adequately specified. Due to instability
in the markets as a result of ongoing liberalization of the economy, the ex-post forecasts for the year
1992-93 were not very accurate.

The major variables affecting the silk industry seem to be mulberry acreage and incomes of consumers.
Among these, mulberry acreage is more amenable to policy actions. Increase in mulberry acreage
would depend on cocoon prices, prices of competing crops as well as supply of inputs of mulberry and
cocoon sub-sectors. In places where mulberry is presently grown, there is increasing competition for
acreage from other sectors such as horticulture. Therefore, it would be of crucial importance to
improve the productivity of the existing areas to sustain or improve the growth of the silk industry.
Potential for improving the cocoon productivity in the mulberry growing areas already exists (Naik
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and Babu, 1993). Thercfore, in the coming ycars, emphasis needs to be placed on exporis and
productivity of mulberry arcas.

Forecasts of the endogenous variables of the system was made for the period 1991-92 to 2000-01
using the forccasted valucs of exogenous variables (trend functions) and actual valucs of the lagged
endogenous variables for the initial ycar. The cocoon and raw silk production in the dccade will grow
at an avcragc annual growth rate of 4 and S per cent per annum, respectively which is much lower
than the 15 per cent growth expericneed in the previous decade. Howcever, a higher growth in the
export demand and domestic demand for fabrics (around 6 per cent per annum) will be experienced
which will nccessitate higher growth in raw silk imports (7.5 per cent per annum) and increase in the
production of better quality silk. The imports of raw silk and real prices of cocoon and raw silk would
show oscillations and have an upward trend.

Policy simulations were undertaken for the period 1o assess the impact of changes in the import price
of raw silk, export price of fabrics and regulation of the quantities of imports of raw silk by
comparing the simulated values of the endogenous variables with the base run forecasts. These
simulations reveal that the impact of the changes in the export does not seem to be very high on the
silk industry except for the price variables. This may be due to the small share of exports in the final
product of the industry. But as liberalization takes place, this sub-sector is expected to play an
important role and changes arc expected in the export and import equations. Therefore, emphasis has
to be placed to oricnt production towards export market to improve growth in the Indian silk industry.

The results of the study reveal that the econometric model developed for the silk sector performs
satisfactorily in forecasting and policy simulations and can be of practical use to the organizations
associated with the silk sector. The modelling approach used for this study can be used in other
commodity sectors for forecasting and policy simulations. To the users of this model we suggest that
efforts should be made to replace price variables by more reliable price series. -Also, possible changes
during the liberalization process have to be carefully incorporated to gencrate more accurate forecasts
from the model.
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Appendix 1

1. Short Run Elasticitics of thc Exogenous Variable

FrEn—d;gcn_i o o Exogcnous Variable .

Variable ' ryvip [DDFPIMP| WY | DPCI | DEPF | MAI-1 | MAR-1 |
DC/SC 0.527( 0.311
DRS 0.024 0.123| 0.007| 0.029 0.532| 0314
M 1.018
DSP 0.028 0.009| 0.033 0.606|  0.358
DDF 0.030 0.149| -1.34] 0035| 0.119| 0645| 0.380
EDF 6.990 -0.62
SF 0.025 0.124| 0.008| 0.029 0.540  0.319
DPC 249  -147
DPFIL 0.264 -0.01| 0.084| 0312 1.02]  -0.60

| DPF 0.04| 0402 1492 -003| -0.19| -0.11
2. Long Run Elasticities of the Exogenous Variable
Endogen. Exogenous Variable ]
Vanable | npivp | DDFPIMP [ WY | DPCI | DEPF | MAIt1 | MARt-
1

DC/SC 0.527| 0311
DRS 0.015 0.072| 0980| 1716| -0.08/ 0.369| 0217
M 1.018| 7273 -0.65

DSP 0.017 005 010 1.957 0420 0248
DDF 0.018 0.087| -0.16 2.08| 0014 0447| 0263
EDF 6.990 -0.62

SF 0.015 0.073| 0995| 1.743| -008| 0374 0221
DPC 0.02 007!  0.12| 234 -001| -0.14] -0.08
DPFIL 0.163 -0.55| 0935 1824| -008| -275| -1.62
DPF -0.52 248| 4.614| 8291 -041| -126 -745
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