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Subject to

-yit + Yt+iA, > 0

0Xit—XfX ^ 0
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X>0

[Do'CYw.X,+,)]-' =Min9.x0

Subject to

-yi,m + YtX>0

0*1, t+i ~ XtX> 0

X>0.

The equation (3) and (4) are evaluated by using the

efficient limit of the given period as a base. Model (5)

compares the data of period t with efficient limit of

period (t+1) while model (6) compares the datum of

period (t+1) with period t's efficient limit. For given

number of period (T) and number of observation (N)

N(3T-2) LP problems should be solved.

Nature and Source of Data

The data used in this study have collected from the

records of the Temi Tea estate '.The entire tea estate is

divided into 17 sections and data on each section has

been collected. These 17 sections are considered as the

individual producing unit with specific allocation of

inputs such as labour. The data on total production of

green tea leaves in Kgs, made tea in Kgs, amount of

labour used in days^ are in hectares, pruning style,

fertilizer as well as bio fertilizers (N+P+K) in Kgs and

rainfall in Millimeters have been collected for use. The

information on all the 17 units for eleven years (2001-

2011) have been used in estimating the TFP change.

Since the government of Sikkim is going for a total

organic culture in the entire state, the Temi tea estate

also became completely organic from 2005 onwards. The

.(5)

.(6)

TFP change is estimated for the entire 11 years together

and separately by dividing it into two periods i.e., pre

organic (2001-2004) and post organic period (2005-2011).

Results and Discussion

The results of MI of Total factor productivity

change (TFPC) year-wise and firm wise for the entire

period is presented in the table-1 and table-2 and same

during the period 2001-2004 are reported in table-3 and

t^le-4. Table-5 and table-6 presents the MI TFPC for

the post organic period (2005-2011). The Malmquist TFP

change indices are computed using the DBA models of

equation (3) to (6). The indices measure the TFPC for

the sample firms in the adjacent year 200/2001 and

2010/2011. Its decomposition into Technical Efficiency

Change (TEC) and Technological Change (TCC) and

further TEC into Pure Technical .Efficiency Change

(PTEC) and Scale Efficiency Change (SEC) are derived

using the DEAP 2.1 (Coelli, 1996). Since the option of

Variable Returns to Scale (VRS) or Constant Returns to

Scale has no influence on the MI because both are used

to calculate the various distances used to construct the

MI index.

' The garden Was established in 1969 during the period of12*** Chogya/fking) Palden Thondt^ Namgyai and the factory was
inaugurate byKazi lendup Dorjee the i'* chirfniinistw ofSikkim on21** Dieceniber 1975. According togovernment Of Sikkim,
2011 there are 177.64 hectare of plantetion area under that there are 17 sections. The most unique characterof the Temi Tea
garden is organic and is certifie by Institute for MarketecOlogy (IMO) of Switzerland. It is learnt from die interaction of
staffr that in lacre of land there are 60G0 - 6500 of tea plants are planted. In Temi tea garden there are two varietiesof tea one is
Chinavariety and another one is clone variety. Clone variety is recent phenomena; earlier means in beginning time only the
China variety was there. Teifti teaexport tosevei^countries butit isfrunous inGermany and France.
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Table-1 Malmquist Index summary of annual means
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YEAR TEC TCC PTEC SEC TFPC

2 1.001 0.971 1.007 0.994 0.972

3 0.997 1.106 0.998 0.998 1.102

4 1.003 0.984 0.999 1.003 0.986

5 1.008 1.051 1.002 1.007 1.060

6 0.984 1.016 0.994 0.990 1.000

7 0.968 0.987 0.994 0.973 0.955

8 1.049 0.978 1.008 1.041 1.026

9 0.993 1.014 1.004 0.989 1.007

10 1.000 1.014 0.998 1.002 1.014

11 1.004 0.994 0.999 1.005 0.998

Mean 1.001 1.011 1.000 1.000 1.011

TabIe-2 Malmquisf index summary of Arm mean

Firm TEC TCC PTEC SEC TFPC

1 1.004 1.005 1.001 1.002 1.008

2 1.0(^ 0.989 1.002 1.001 0.992

3 1.002 1.O07 1.003 1.000 1.009

4 0.998 1.002 1.000 0.998 1.000

5 0.999 0.979 1.000 0.999 0.978

6 1.005 0.995 1.004 1.000 1.000

7 0.995 0.997 1.002 0.994 0.992

8 0.998 0.999 . 1.001 0.997 0.997

9 0.999 1.002 ^ 1.000 1.000 1.001

10 1.002 1.027 l.Gt02 1.000 1.030

11 1.000 1.040 1.000 1.000 1.040

12 0.995 0.981 0.996 0.999 0.977

13 1.000 1.015 1.000 1.000 1.015

14 1.004 1.063 < 1.000 1.004 1.066

15 0.998 1.046 0.999 0.999 1.044

16 1.002 1.024 0.998 1.004 1.026

17 1.005 1.017 1.000 1,005 1.022

Mean 1.001 1.011 1.000 1.000 1.011

TabIe-3Malmquist indexsummary of annual means

Year TEC TCC PTEC SEC TFPC

2 1.005 1.033 1.002 1.002 1.038

3 0.993 1.034 0.992 1.001 1.026

4 L012 0.991 1.013 0.999 1.003

M^n 1.003 1.019 1.002 1.001 1.022
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Table-4 Malmquist index summary of firm means

Firm TEC TCC PTEC SEC TFPC

1 1.021 1.038 1.021 1.000 1.059

2 0.997 1.115 1.001 0.996 1.111

3 0.994 1.011 1.011 0.983 1.005

4 0.989 1.003 0.993 0.996 0.992

5 1.017 1.001 1.005 1.012 1.019

6 1.017 1.038 1.008 1.009 1.056

7 0.993 1.000 0.994 1.000 0.993

8 1.000 0.999 1.000 1.000 0.999

9 1.020 1.001 1.000 1.020 1.022

10 1.017 1.027 1.000 1.017 1.045

11 1.000 0.999 1.000 1.000 0:999

12 0.989 1.057 0.989 1.000 1.046

13 1.020 1.001 1.019 1.001 1021

14 0.997 1.000 1.000 0.997 0.998

15 0.994 1.009 1.009 0.985 1.002

16 0.989 1.022 0.992 0.997 1.011

17 1.000 1.011 1.000 1.000 1.011

Mean 1.003 1.019 1.002 1.001 1.022

TabIe-5 Malmquist index summary of annual means

Year
TEC TCC PEC SEC TFPC

2 0.984 1.016 0.994 0.990 1.000

3 0.968 0.987 0.994 0.973 0.955

4 1.049 0.978 1.008 1.041 1.026

5 0.993 1.014 1.004 0.989 1.007

6 1.000 1.014 0.998 1.002 1.014

7 1.004 0.994 0.999 1.005 0.998

Mean 0.999 1.000 1.000 1.000 1.000
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TabIe-6 Malmquist index summary offirm means
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Firm TEC TCC PEC SEC TFPC

1 0.995 0.995 0.995 1.000 0.990

2 1.000 0.994 1.000 1.000 0.993

3 0.999 1.006 0.999 1.000 1.005

4 1.004 1.003 1.000 1.004 1.006

5 1.001 1.001 1.000 1.001 1.002

6 1.001 0.986 1.000 1.001 0.987

7 0.993 0.996 1.000 0.993 0.989

8 0.999 0.997, 0.999 0.999 0.996

9 0.996 0.998 0.996 0.999 0.994

10 1.000 0.994 1.000 1.000 0:994

11 1.007 1.005 1.003 1.003 1.012

12 0.997 0.999 0.999 0.999 0.996

13 0.999 1.001 0.999 1.000 1.000

14 1.000 1.002 1.000 1.000 1.002

15 1.003 1.017 1.005 " 0.998 1.020

16 0.996 1.009 0.996 1.000 1.005

17 1.000 1.006 1.000 1.000 1.006

Mean 0.999 1.000 1.000 1.000 1.000

TabIe-7 Production and Total value

Year Production (Kgs) Price per Kg Total Value

-(in')
2006-07 85,000 118.76 10095000

2007-08 87,000 241.37 210,00,000

2008-09 82,000 286.58 235,00,000

2009-10 59,000 425.42 251,00,000

2010-2011 84,000 345.23 290,00,000
2011-2012 59,000 438.93 258,97,000
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The mean TFPC reaches 1.1% growth. The firms
have achieved on an average of 1.1 per cent growth
in productivity. This is contributed entirely due to
the TCC . Since the mean value of PTEC SEC and

TEC does not show any positive change, the
technological change made it possible to' have
higher productivity growth during the period 2001-
2011. It can be inferred from the results that there is

no improvement as far as managerial function and
scale efficiency are concerned. The Year-wise MI
TFPC result shows that during the entire 11 years,
the 3'^year has achieved highest TFPC (10.2%) with
reference to the 2""* year followed by 5*^^ year (6%) in
comparison to the 4^** year. In the 3"* year the TFPC
is entirely due to a large shift in the frontier ascribed
to the adoption of more modern technology.
However the positive growth in the 5**^ period is due
to all TEC and TCC. But the highest contribution is
fi*o TCC. The breaking up of the entire 11-year into
pre organic and post organic period suggests that
the TFPC in the pre organic period is 2.2%, which is
due to both technological innovation and better
managerial operation. The contribution of TCC is
very large (1.9%). But the TFPC in the post organic
period remains constant. This has a larger
implication of trade off between growth in
productivity and Sustainable development. The
productivity can be improved through better
management operations not only thrpu^ better
training in respect of the application of modern
techniques implements etc, better educational
facilities, ensuring better health facilities and
through the provision of better incentives for
innovative work culture. , ^

The farm-wise Malmquist TFPC results
suggested that during the entire 11 years the TFPC
has registered a positive growth of 1.1, which is due
entirely to the promotion of. technological
innovation in the process of production. Except, five
units all other units (firms) have positive TFPC. But
the breaking of the periods into two clearly suggests
that there is faster productivity growth during the
pre organic period (TFPC is 2.2%). But the
corresponding post organic period- does not show
any productivity growth. The positive TFPC in Temi
tea also supports the study by Nin et. al (2003),
Rahman (2004), Alene (2009). The study maide by
Fan et al (1998) also reported an average annual
growth rate of 0.69% between 1970 and 1995. Since
the productivity in the post Organic period is not
increasing, the tea estate has to focus ihore the
quality of the product, the proper marketing
strategy for brand building of the product so that it
can fetch more value and can sustain in the: long run.
Since the product has more export value, the estate
should focus equally on international markets.

Higher brand value will create more domestic as
well as international demand and the earnings will
increase.

Conclusion

This paper aimed at estimating the total factor
productivity change and its decomposition into
technical efficiency change and technological
change of 17 firm units of Temi tea industry of
Sikkim during the period of 2001-2011. The
Malmquist Index based result suggested that the
overall average TFPC during the 11 year period is
about 1.1 % which was essentially due to growth in
the Technological Change. Farm wise TFPC change
shown that the mean TFPC was 2.2 percent ofwhich
the contribution of TCC is larger in comparison to
the PTEC and SEC component. However, the pre-
organic period registered a faster TFPC in
comparison to the post Organic period. Hence, the
study suggested for improvement in the managerial
skill not only at the managerial level but a^so at the
workers level through proper training, better
educational facilities and acquisition production
related information, better coordination between

administration and the working class, better work
incentives. In addition to this, the industry should
focus more on the brand building of the product
both at domestic and international market to

increase its revenue earnings and remain sustainable
in the long ruif.' Government should investment in
improving the human resource development so that
the industry will remain viable in the long run.
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