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Table 1 Variable definitions and measurement units for the empirical model

Variable Definition Units
Y Production quantity Kg/ha
X, Seed cost NT$ / ha
X, Feed cost NT$ / ha
X, Rent cost NT$ / ha
X4 Temporary labor cost NT$ / ha
X Family labor cost NT$ / ha
Xe Other miscellaneous costs' NT$ / ha
AGE Age of manager Years
EDU Manager education level 2 —
EXP Years of experience Years
D Density of hard clam cultivate 10 thousand / ha
PA Years pond has been in use Years
S Survival rate of hard clam %
ARE 1 ARE 1 = 1 if the hard clam farm is located in Yunlin county; otherwise ARE 1 =0 —
ARE2  ARE 2 =1 if the hard clam farm is located in Chiayi county; ARE 2 =0 -

' Other miscellaneous costs include medicine, interest, and maintenance costs.
* Illiterate = 1, primary school = 2, junior high school = 3, senior high school = 4, junior college and above = 5.

Table 2 Statistical data of variables (as defined in Table 1) for the empirical model

Year / Variable AGE EDU EXP D PA S
2000 51.69 3.69 15.59 130.87 13.38 73.02
(10.28)" (0.98) (9.03) (31.78) (4.34) (14.26)
2001 50.88 3.36 20.35 122.49 21.06 79.04
(10.70) (1.09) (12.27) (35.54) (12.09) (17.71)
9002 51.77 3.21 21.86 130.29 20.43 71.53
(9.53) (1.09) (9.82) (27.41) (10.50) (15.06)
2003 52.70 3.33 22.26 127.01 19.00 77.68
(10.74) (1.02) (10.34) (40.69) (10.31) (13.01)
Average 51.76 3.40 20.02 127.67 18.47 75.32
5 (0.74) (0.21) (3.06) (3.85) (3.50) (3.61)

"Numbers in parentheses are the standard deviation.
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Table 3 Technical efficiency of hard clam farms by year and county

Year\County Changhua Yunlin Chiayi Average
2000 0.7343 0.4862 0.6407 0.6204
(0.273)" (0.2973) (0.1994) (0.2566)

2001 0.4495 0.5273 0.4610 0.4793
(0.3143) (0.2566) (0.2672) (0.2794)

2002 0.7685 0.4298 0.4242 0.5408
(0.239) (0.266) (0.3521) (0.2857)

2003 0.7330 0.4316 0.6416 0.6021
(0.2759) (0.2852) (0.2418) (0.2676)

Average 0.6713 0.4687 0.5419 0.5606
8 (0.2756) (0.2763) (0.2651) (0.2723)

"Numbers in parentheses are the standard deviation.
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Table 4 Pure technical efficiency of hard clam farms by year and county

Year\ County Changhua Yunlin Chiayi Average

2000 0.9980 0.9458 0.9992 0.9810

(0.0067) ! (0.076) (0.0019) (0.0282)

2001 0.9310 0.9350 0.9805 0.9488

(0.0933) (0.1072) (0.2852) (0.1619)

2002 0.9475 0.9357 0.9278 0.9370

(0.0674) (0.0921) (0.1057) (0.0884)

2003 0.9585 0.9009 0.9556 0.9383

(0.0622) (0.1051) (0.075) (0.0808)

Average 0.9588 0.9294 0.9658 0.9513

8 (0.0574) (0.0951) (0.1170) (0.0898)

"Numbers in parentheses are the standard deviation.

Table 5 Scaled technical efficiency of hard clam farms by year and county

Year\ County Changhua Yunlin Chiayi Average

2000 0.7358 0.5141 0.6412 0.6303

(0.2663) ! (0.1806) (0.2653) (0.2374)

2001 0.4828 0.5640 0.4702 0.5056

(0.2210) (0.1494) (0.0180) (0.1295)

2002 0.8111 0.4593 0.4572 0.5759

(0.1716) (0.1739) (0.2464) (0.1973)

2003 0.7647 0.4791 0.6714 0.6384

(0.2137) (0.1801) (0.1668) (0.1869)

Average 0.6986 0.5041 0.5600 0.5876

8 (0.2182) (0.1710) (0.1741) (0.1878)

"Numbers in parentheses are the standard deviation.
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Table 6 Return to scale of hard clam farms by year and county

Year\ County Changhua Yunlin Chiayi Average
2000 IRS' DRS DRS DRS
2001 DRS? DRS DRS DRS
2002 DRS DRS DRS DRS
2003 DRS DRS DRS DRS
Average DRS DRS DRS DRS
'Increasing return to scale.
*Decreasing return to scale.
Table 7 Malmquist index of hard clam farms by year and county
Year\ Item\County Changhua Yunlin Chiayi Average
Technical efficiency change 0.6121 1.0726 0.7098 0.7757
2000 ~ 2001 Pure technical efficiency change 0.9329 0.9786 0.9813 0.9671
Scale technical efficiency change 0.6562 1.0961 0.7233 0.8021
Technical efficiency change 1.7063 0.8040 0.8977 1.1137
2001 ~ 2002 Pure technical efficiency change 1.0165 1.0007 0.9426 0.9786
Scale technical efficiency change 1.6786 0.8034 0.9524 1.1381
Technical efficiency change 0.9439 0.9847 1.4861 1.0890
2002 ~ 2003 Pure technical efficiency change 1.0015 0.9625 1.0189 1.0014
Scale technical efficiency change 0.9425 1.0231 1.4585 1.0875
Technical efficiency change 1.0330 0.9155 0.9832 0.9800
Average Pure technical efficiency change 0.9732 0.9706 0.9709 0.9716
Scale technical efficiency change 1.0614 0.9432 1.0127 1.0086
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Table 8 Estimated results of technical inefficiencies

Variable Parameter t-value
Constant 86.587 5.673™
AGE 0.036 0.129
EDU -6.356 -2.874™
EXP -0.158 -0.579

D -6.374E-06 -1.863"
PA -0.305 -1.213
S -0.076 -0.564
ARE 1 1.278 1.692"
ARE 2 9.878 1.747"

Note: *** ** and * indicate that these estimates are
significant at the 1%, 5% and 10% significance
levels, respectively. Variables are defined in Table 1.
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Technical Efficiency Measurements of Hard Clam (Meretrix lusoria)
Production in Taiwan by Data Envelopment Analysis (DEA)

Jen-Chieh Kuo'", Ching-Chun Chen” and Min-Nan Lin’

!Taihsi Station, Mariculture Research Center, Fisheries Research Institute
*Department of Institute of Applied Economics, National Taiwan Ocean University
3Mariculture Research Center, Fisheries Research Institute

ABSTRACT

The data used in this study was based on the Annual Economic Survey of Offshore Fisheries and
Aquaculture in Taiwan from 2000 to 2003. A model using data envelopment analysis (DEA) was specified and
estimated. The results of the DEA showed that a return to scale decreased in hard clam (Meretrix lusoria)
aquaculture production in Taiwan, and the mean technical efficiency was 56.06%. Tobit analysis showed that
those farmers with higher education and who used higher culture densities attained higher technical efficiencies.
The study results suggest that hard clam aquaculture in Taiwan should increase the culture density to an

appropriate level, but expanding the culture scale was deemed to be unsuitable.

Key words: hard clam, Meretrix lusoria, technical efficiency, data envelopment analysis (DEA)
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