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Caves at al. ;(1982a, 1982b) first introduced the Malmquist Index (MI). The index is constructed
by measuring the radial distance of the observed output and input vectors in period t+1 and t
relative to areference technology. In case of panel data DEA-like linear programming and aMI
can be used to measure productivity change and to decompose the productivity change into
technical change and technical efficiency change. Fare et al (1994) specifies an output based
Malmquist productivity change Index as

M,(Y,+,,X,+,,Y,,X,)= Do'(YHi,Xt+i) X Do (Yt^i, X,+,)
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The index represents the productivity.of production point (Yt+i, X,+i) relative to the production
point (Yt, Xt). Avalue greater than one indicates positive TFP growth from period t to period
t+1. This index is the Geometric Mean (GM) of two output based Malmquist TFP index.
Equation (1) can be formulized as
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The first term in the right hand side ofequation (2) measures change in input "based technical
efficiency between period t and t+1. The change in efficiency is represented by the ratio of
efficiency in period (t+1) in proportipn to efficiency in period t. The GM of two terms in the

bracket represents the change in technology between two period. Hence changes in TFP and
components are measured as GM of MI ( Fare et al, 1994). TFP exceeding one indicates an
increase in TFP during the period t and t+1 where as its being less than one means the contrary (
Coelli 1996). Given the Constant returns to Scale (CRT) technology and input based approach
the LP is used in building Malmquist TFP change index is as follows (Worthington, 2000)

£Do' (Yt, Xt)J' —Min e,x0
Subject to
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are for field crops of TF8 groups for the four economic sizes of farms for 21 years i.e., from

1989-2009 for Belgium.

Out of different types of farming the TF8 of 2003/369(EC) version is classified as field crops,

horticulture, wine, other permanent crops, milk, other grazing livestock, granivores, mixed.

Field crops include: specialist cereals, oilseeds and protein crops (COP), which include specialist

COP other than rice, specialist rice, COP and rice combined.

General Field cropping includes specialist root crops, cereals and root crops, combined, specialist

field vegetable various field crops (tobacco, cotton). Mixed cropping includes market gardening

and permanent crops, field crops and market gardening, field crops and vineyards, field crops

and permanent crops, mixed cropping mainly field crops, mixed cropping mainly market

gardening or permanent crops.

Out of differenteconomic size classesat the levelof European Unionand for each memberstates

ES6 grouping consists of0<4,4<8, 8<16,16<40,40<100, >100 Economic Size Unit (ESU).

The Total output (SE131) is inEUR. It-consists of total output ofcrops andcrop products and of

otheroutput. The formula is SE135 + SE206 + SE256. The inputs usedare

• SY502-farms represented: It is the sum of weighting coefficient of individual holdings in

the sample.
. • ,>

• SE005-Economic Size of the holding (ESU) is expressed in European Size Unit (ESU).

ESU= 1200.

• 021-Paid labour input-(Hours)

• SEO16-Unpaid labour imit(Hours)

• SE025- Total Utilized agricultiu-al area (Hectare (Ha))-Total utilized agricultural are of

holding does not include areas used for mushrooms, land rented for less than one year on an

occasional basis woodlands and other forms (road, ponds). It consists of land in sharecropping. It

includes agricultural land temporarily not under cultivation for agricultural reasons or being

withdrawn from production as part ofagricultural policymeasures.

• SE030-Rented UAA (Ha)-Unutilized agricultural areas rented by the holder under

tenancy agreement fora period of at least oneyear (remuneration in cash or in kind)

• SE27G- Total inputs (EURO)- Specific costs + overhead cost + depreciation + external

factor (SE281 + SE336 + SE360 + SE 365)

• SE436-Total Assets (Euro)- Onlyassets in ownership aretaken intoaccount (Fixed assets

+ Current Assets)
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Table-1: Mean values ofoutput and inputs used for different

Economic. SizeofHolding in 1989-2009

Output/Input 16-40 40-100 >100 16-200

Output (Euro) 53615 116879.6 238145 114435.6

Farmsrepresented (No) 2179.048 1919.048 1182.38 5499.524

Economic Size(ESU) 28.95714 30.45714 32.02381 33.54762

Paid labor input (Hours) 129.318 142.3238 163.5881 184.8167

Total UAA (Ha) 24.77952 25.97143 27.14905 28.34714

Rented UAA (Ha) 18.82238. 19.79524 20.77143 21.8081

Unpaidlabor (Hours) 2519.743 2557.565 2605.478 2648.861

Total Input (Euro) 40572.33 42729.9 45148.14 47653.9

Total Assets (Euro) 147875.4 154445.4 161386.3 167148.8

Total Fixed Assets

(Euro)

128219.8 133306.8 138767.7 143293.3

Total Ciurent Asset

(Euro)

19655.52 21138.52 22618.52 23855.38

Total Liabilities (Euro) 29490 . 33260.1 37537.57 41731.43

Total Subsidies (Euro) 5898.571 6012.286 6122 6246.381
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Table-2: Year-Wise Malmquist Index Summary ofAnnual Means

Year TEC TCC PTEC SEC TFPC

1990 1.037 0.417 1.000 1.037 0.432

1991 1.000 0.864 1.000 1.000 0.864

1992 0.992 1.502 0.998 0.994 1.489

1993 0.954 1.116 1.002 0.952 1.065

1994 1.054 1.013 1.000 1.054 1.068

1995 1.003 0.820 1.000 1.000 0.797

1996 1.000 0.714 1.000 1.000 0.714

1997 1.000 1.139 1.000 1.000 1.139

1998 1.000 1.457 - 1.000 1.000 1.457

1999 1.000 0.999 1.000 1.000 0.999

2000 1.000 0.823 1.000 1.000 0.823

2001 0.995 0.617 1.000 0.995 0.615

2002 1.005 0.891 1.000 1.005 0.895

2003 0.995 0.975 1.000 0.995 0.970

2004 1.005 1.118 1.000 1.005 1.124

2005 1.000 0.403 1.000 1.000 0.403

2006 0.988 0.569 1.000 0.988" 0.562

2007 1.008 1.012 LOOO 1.008 1.020

2008 1.004 1.008 1.000 1.004 1.092

2009 0.998 0.950 1.000 0.998 0.948

Mean 1.002 0.876 1.000 1.002 0.877

As per the results reported in the TabIe-2, the Geometric mean (CM) the Technical efficiency
Change (TEC) is 1.002. This is the product of Pure Technical Efficiency Change (PTEC) and
Scale Efficiency Change (SEC). The mean PTEC and SEC are repsectively1.000 and 1.002. The

Total factor productivity Change (TFPC) is the product of TEC and Technological Change
(TCC). The mean TFPC is 0.877, which is the product of (TEC and TCC i.e., 1.002 and 0.876).
During the entire 21 years (from 1989-2009) the highest mean change occurs in the year 1991
(1.489) and the lowest men TFPC is inthe year 2005 (0.403).
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Table-3: Farm-Wise Malmquist Index of Farm Means

Farm TEC TCC PTEC SEC TFPC

1 1.000 0.712 1.000 1.000 0.712

2 1.003 0.832 1.000 1.003 0.835

3 1.000 0.868 1.000 1.000 0.867

4 1.004 1.144 1.000 1.004 1.149

Mean 1.002 0.876 I.OOO 1.002 0.877

TabIe-3 presents the farm-wise Malmquist Index of TFPC and TCC. The farms are classifiedon

the basis of the Economic Size of 16-40, 40-100, 100 and more and 16 to 200. The farm-wise

mean change pro vides the information that mean TFPC is 0.877, the product of mean TEC

(1.002) and mean TCC (0.876). Out of all these four categories of farms the second category

performs a positive change ofabout 0.3% and the 4"' category ofabout 0.4% while the other two

categories do not show any kind of positive TEC. The positive TEC is entirely due to the

positive change in the scale. However, the fourth category shows a lot of improvement in the

technologicalchange.

However, the entire period of 21 years is divided into two phases: (from 1989-1999) and (from

2000-2009) to know any remarkable changes occurred in the change in efficiency and

productivity year wise andfarm wise. As per the tabie-4 the men Tec for thefirst 11 year is
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Table-5: MALMQUIST INDEX SUMMARY OF FIRM MEANS

(1989-1999)

Firm TEC TCC PTEC SEC TFPC

1 1.000 0.581 1.000 1.000 0.581

2 1.006 0.847 1.000 1.006 0.852

3 1.000 0.876 1.000 1.000 0.876

4 1.008 1.135 1.000 1.008 1.144

Mean 1.004 0.836 1.000 1.004 0.839

TabIe-5 shows the change in efficiency tod productivity farm wise. The farms with economic

size of40-100 experience improvement of 0.6% in the TEC which is due to change in the SEC.

Similarly, the farms (16-200) experience improvement in efficiency of 0.8%. The last category

farm experiences improvement in the TFPC of 14.4%. This is purely due to TCC. Hence it is

inferred that farms with large size reaps the benefit of improvement of technology. But on an

average, t is deceleration in^ productivity change but positive improvement in the efficiency

change.

Table-6: MALMQUIST INDEX SUMMARY OF ANNUAL MEANS

(2000-2009)

Year TEC TCC PTEC SEC TFPC

2 0.957 1.548 0.998 0.959 1.482

3 1.053 0.642 1.002 1.052 0.677

4 0.999 1.011 1.000 0.999 1.011

5 0.941 0.822 1.000 0.941 0.773

6 1.064 0.995 1.000 1.064 1.058

7 0.995 0.967 1.000 0.995 0.962

8 1.005 0.921 1.000 1.005 0.926

9 1.000 0.653 1.000 1.000 0.653

10 0.998 0.950 1.000 0.998 0.948

Mean 1.001 0.916 1.000 1.001 0.917
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lii Table-6, as far as the time period (200-2009) is concerned the average change in the efficiency
is 1.001 (1.000X1.001) and it is resulting from the improvement in efficiency due to change in

the scale of production. However, the years having efficiency improvement are 2002, 2005 and

2007 and the improvements are due to improvement in the scale. Secondly, the improvement in

the productivity change occurred in 2001, 2003 and 2005. But the improvement in the

productivity in 2005 is due to change in scale only. The contribution of change in technology

occurred in 2001 and 2003.

Table-7: MALMQUIST INDEX SUMMARY OF FIRM MEANS

(2000-2009)

Farm TEC TCC PTEC SEC TFPC

1 1.000 ,0.830 1.000 1.000 0.830

2 1.000 0.857 1.000 1.000 0.857

3 0.999 1.004 1.000 0.999 1.003

4 1.003 0.986 1.000 1.003 0.990

Mean 1.001 0.91fr 1.000 1.001 0.917

Farm wise change in efficiency and productivity are shown in the Table-7. The mean efficiency

change in TEC is 0.1% which, is due to change in scale of production. However, the third

category all other farms experience deceleration in productivity.

5. CONCLUSION:

The study is essentially related to the measurement of Total factor productivity change of the

farms of different sizes of Belgium during 21 years fi-om 1989-2009. The productivity change

has been estimated by the Malmquist index using the DBA technique. Further, the total factor

productivity change has been decomposed into Technical efficiency change and Technological

change. Technical efficiency change has been further decomposed as pure technical efficiency

change and scale efficiency change when production operated xmder variable returns to scale.

The results suggest that during the entire 21 years the total factor productivity has been

decelerated by 12.3%. This is due to increase in Technical efficiency by 0.2%and deceleration in

technology byl2.4%. On the otherhand, in the two-phase period, the TFPC are 0.839 and0.917.

The same pattern is observed in farm wise. The farm s with size (16-40) must beprovided more

subsidies on supply of inputs and better extension services should be provided so that the

production can increase. Secondly, more intensification of cultivation should be under taken.

Instead of cultivating many crops some specialized crops may be grown so that theperunit cost

willdiminish andthe fixed costwillgradually decline.
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