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Im'lo'n and Problem Statement

Chinais a large countryin fisheries,especiallyin aquacultureLimited
by environmentalresourcesand water resourcesthe improvementof
aquaculturesfficiency cannotbe achievedby continuouslyinvestingin
human and material resources and continuously expanding the
aquaculturearea It is unlikely that a large scaletechnologicaladvance
or major technologicalreform can be usedto achievea qualitativeleap

=] In a short period of time. Therefore,it is the most effective way to
Improvethe efficiency of aquaculturen Chinaat presentFirst of all, we
shouldknow the currentefficiency of aguaculture
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2. The input product output elasticity formula /
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3. Technical efficiency loss function /—/ 'H‘
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Y: Aquacultureproduction (tonps

L: Farmlabor input (persoh)

K: intermediate consumption of the
fishery (100 million yuan)

S: Farmingarea (ha)

I Provincialcode

T: Timevariable, indicating the trend of
technology over time

E,' Output flexibility of aquaculture labor
forcelL

E. Output elasticity of intermediate
consumption K

Es Output elasticity of agquaculture area

JG The processing rate of aquatic
products

NX' Net export rate of aquatic products
RS Per capita farming area

SP Average technical level of technical
extensiorpersonnél

RGDP Per capita GDP

SZ Disaster rate ohAquaculture

KJ Number of fishery aquaculture
technical extension agencies
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Data Sources

U The dataof aquaculturgoroduction,aquaculturgpersonneland aquacultureareaderivedfrom
ChinaFisheriesyearbook,ChinaFisheryStatisticalYearbook,andChinaAgricultural Statistics
Thereis no specificstatisticaldataon the intermediateconsumptiorof aquacultureTherefore,
the proportionof thetotal fishery productionin the aquaculturdishery productionis multiplied
by the intermediateconsumptiorof the fishery. Therelevantdataon the middle consumptiorof
thefisherycomesfrom the ChinaRural StatisticalYearbook

U Thefactorsaffectingtechnicalefficiencyincludethe processingate of aquaticproductsthe net
exportrate of aquaticproducts,the per capitaaquaculturearea,the averagetechnicallevel of
technicalextensionworkers,the disasterateof breedingandthe numberof technicalextension
institutions The relevantdatacomefrom "China FisheryYearbook","China FisheryStatistical
Yearbook"and"China Agricultural Statistics"over the years,andthe per capitaregional GDP
comesfrom "China Statistical YearbooK. At the sametime, the relevantdata eliminate the
impactof price changedy using2007constanfprices
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Empirical

Table 1 Parameter Estimation Results of Stochastic Frontier Production Function+
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Overall, the logarithmof the likelihood functionis significant
at a statisticallevel of 1%, indicating that the model has a
good degree of fitness At the same time, most of the
parameterestimateshave passedthe t-test The crossterm
coefficients b6, b8, and b10 are significant at different
statisticallevels,indicatingthatit is appropriateo choosethe
form of the surpassingogarithmic productionfunction, and
themodelhasa strongexplanatorypower.

Ir:I'he proportionof technicalinefficiency termso passedhe t-

test at a statisticallevel of 1%, indicating that the error was
mainly due to technical inefficiencies U. Therefore, the
differencebetweenreal outputandtheoreticaloutputis mostly
causedby technicalineffectivenesslt is necessaryo further
studytheinfluencingfactorsof technicalefficiency

rlfrom the results of specific parametersthe labor force L,
intermediateconsumptionK, and aquacultureareaS passed
the testat the statisticallevelsof 10% and 1% respectively It
explainsthatthesethreeinput factorshavea significantimpact
on aquaculturgroductionY. The coefficientof time T did not
passthe test, indicating that there was no obvious technical
progressn aquaculturen Chinaduring the statisticalperiod
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_ Analysis
¥ Table 2 Average Output Elasticity of Input Elements in Various Years+ .The Sum_ Of the a_verageOUtpu_t eIaStICIty Of aql'_IaC!JItu_relnpUt
Y ears+? Labaor flexibility+ Intermediate Liquacultire  area =um of clasticitys? ¥ elementsn Chlnals 0'9504 WhICh IS IeSSthan 1’ Indlcatlngthat
consumption clasticity® aquaculturen Chinais in the phaseof decreasingeturnsto scale
— —— "'""'“n'i";‘; . — —— The elasticity of labor output is positive in every yeatr The
— — — — labor output elasticity is positive eachyear, the averageoutput
2008¢ 0.2972 ¢ 0.4813 & -0.0358 # 0.9426 ¢ r At )
2009 3008 - PP o9 - Pa— elast|C|ty|s_, _0.321], andthe volatility is small The labor input
20100 03068 - 0.683 © 00413 @ 0.9508 ¢ has a positive effect on the output increase Increasedlabor
20110 0.3169 < 0.6771 @ 0.0862 < 0.9479 < inoutwill increaséheaauacultureroduction
20120 0.3270 ¢ 0.6581 ¢ 0.0313 ¢ 0.9538 ¢ The output elasticity of intermediateconsumptionis positive
2013 03396 ¢ g 00536 @ 0% - every year, with little fluctuation, and the averageoutput
o ksl i oo el elasticityis 0.6657. An increasein intermediateconsumption
2015+ 0.3521 # 0.6 & -0.0538 + 0.9374 # . . . . . en
inputwill resultin anincreasen output,andthe positiveeffect
Averages 0.3211 # 0. 6657 -0.0365 # 0.9504 & ® ) ] ) .
Note: The elasticity of inputs in different years is the arithmetic average of provinees and eifies. + - Of IntermedlateconsumptlonOn OUtDUt IS greaterthan the

effectof laborinput on output

The outputelasticityof input factorsin the aquacultureareais negativeeachyear,indicatingthatthe aquacultureareain Chinahas
beensaturatechasbeensaturatedn 2007%-2015years Theincreasan aquacultureareawill not resultin anincreasdan output,but
will resultin adecreasén output

The sum of the elasticity of the threeinput factorsis lessthan 1, but the overall trend is increasing This showsthat China's
aquacultureis in a stageof diminishing returnsto scale eachyear, and the impact of the three input factors on output is
continuouslyincreasing



Taabsler 3 Sraesraacp

Cuipnd [Eleeciicity

o gt

Factor= In Diflerard Rogeores

Tt Lsalnsar ol amin: iy In T i
Baijing =Tl LR L SEEE
Tiamjin ¥, EEE3 5 o177
Hezebad s = L e L
Shanxi L5024 SR =} [ oo
Inner Mangalia e Lle LR PLTE i
Lizoning 0N BRs e ST
Tilin T4 oidd T ey
Hs=ilongjiang oL = s 1210 ST52
Shanghad LET T e ] 200 S0
Jiamgsn 24T Sl 1732 EEE
Zhejians AT &EE e ] S
Amnhni TR e (el SR
Fujizm AT EEES Bk4 BETE
Jiamgxi 471 TELS DT T
Shandaonz B [-rnx 1243 s
Henam FEE BT ey lel SIS
Huob=i o &ITE LS 210
Hunzam 0L 2500 Faod s, [
Guansdong 2411 A L7 L
Goangxi oE EXE onre 2150
Hainam IS SRSl 121 w300
Chongging FFTE 215 BLTT -xrd
Sichmnam b} 0. Sl o 7
Guizhon FREE ST CA o
Ynnnan FREZ ST = S
Shamxi Ro45 ot L7 sz
Gansn TR s, ATTE S
MNingxia = F -] -2 o574 TS
Hinjiang r T 102 [ =
Adrerase = L w50

i

elasticity of input factors

Specifically, the output elasticity of the labor
force in all regionsis positive and hasa positive
effect on output The averageoutputelasticity of

middle consumptionn variousregionsof Chinais

0.6657, which hasgreaterimpact on output than
laborinput In 17 of the 29 statisticalsamplesthe
elasticity value of aquaculturearea output was
negative,indicating that the aguacultureareain

mostareasof ChinahasbeensaturatedThis may
be due to the fact that the input of the breeding
labor force and the input of intermediate
consumptiorcannot keepup with the increaseof

the aquaculturearea,which reduceghe efficiency
of theaquacultureandhasa negativeeffecton the

output
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'Results of Empirical Analysis
>

The average technical level of the
technicalextensionstaff (SP),the GDP
per capita area (RGDP), and the
damagerate of the aquaculturedid not
pass the significance test The other
variables passedthe test at different
statisticallevels,which hada significant
impacton thetechnicalefficiencyloss
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Analysis of technical efficiency

— . Table 5 The technical efficiency of aquaculture in various regions over the years
03 mpirical Anal - . '
OPTIO Region

2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 2015

N
0.3845 0.3959 0.4090 0.4155 0.4169 0.4255 0.4361 0.4424 0.3945 0.4134
0.6823 0.6974 0.7167 0.7462 0.7647 0.8018 0.8150 0.8274 0.7968  0.7609
0.7328 0.7554 0.7953 0.7226 0.6928 0.7374 0.7962 0.8034 0.8064 0.7603
05712 05422 0.4704 0.4643 0.5234 0.5880 0.6359 0.7116 0.7221 0.5810
0.9634 0.8403 0.8913 0.8794 0.7164 0.7301 0.7416 0.8270 0.8320 0.8246
Mongolia
] o 0.8880 0.9143 0.8843 0.9486 0.8837 0.9575 0.9626 0.9770 0.9823 0.9332
Table 5 showsthe technical efﬁmency 0.9748 0.9137 0.9583 0.9855 0.7702 0.7964 0.8142 0.7997 0.8956 0.8787

plelelef[Ellef ] 0.6752 0.4589 0.4328 0.4271 0.4614 0.4121 0.4437 0.4109 0.4022 0.4583

of aquacu|turein 29 provinces and 0.3826 0.3007 0.4125 0.4476 0.4741 05059 0.5080 0.5096 0.5248 0.4618

L. . . 0.4878 0.5013 0.5190 0.5395 0.5017 0.4796 0.4756 0.4774 0.4584 0.4934
citiesin Chinafrom 2007to 2018 The 0.7203 0.7015 0.7041 0.7421 0.7318 0.7434 0.7226 0.7402 0.7209 0.7252
. L. 0.5984 0.6108 0.5954 0.6368 0.6246 0.6176 0.6012 0.6132 0.6208 0.6132

average technical efﬂmency of 0.9436 0.9431 0.9489 0.9527 0.9484 0.9344 0.9350 09429 0.9430 0.9436
) ) ) 0.7009 0.7380 0.7563 0.8363 0.8563 0.8112 0.7890 0.7884 0.7921 0.7854
aquaculture IN various reg|0ns was 0.9351 0.9325 0.9388 0.9490 0.9494 0.8689 0.8601 0.8588 0.8610 0.9060
) 0.5809 0.5839 0.6140 0.6542 0.7831 0.7551 0.8727 0.8775 0.8658 0.7319

0.6871overthe pastyears,whlch hasa 0.5864 0.5902 0.5982 0.6283 0.6243 0.5874 0.5714 0.5461 05241 0.5840
; 0.7061 0.7368 0.7427 0.7388 0.7355 0.7599 0.7607 0.7611 0.7462 0.7431
|arger00mf0r Improvement 0.8729 0.8675 0.8925 0.9212 0.9327 0.9336 0.9443 0.9266 0.9199 0.9124
0.9386 0.9453 0.9579 0.9738 0.9114 0.9099 0.9112 0.8836 0.8838  0.9239

0.8652 0.8913 0.9076 0.9411 0.9528 0.9558 0.9642 0.9630 0.9012  0.9269

0.4377 0.4562 0.4904 0.6001 0.6363 0.6280 0.6522 0.6849 0.6564 0.5825

0.7195 0.6798 0.5252 0.5557 0.5701 0.5667 0.5760 0.5702 0.5306 0.5882

0.3698 0.3543 0.3886 0.4012 0.2902 0.2730 0.2782 0.3019 0.3143  0.3302

0.5350 0.2775 0.3944 0.4340 0.4731 05175 0.5777 0.6512 0.7696 0.5145

0.3705 0.4353 0.6554 0.4150 0.4637 0.4686 0.5076 0.5044 0.4986  0.4799

0.5245 0.6010 0.6700 0.7784 0.7229 0.7054 0.7836 0.8418 0.8876 0.7239

0.5246 0.5180 0.5595 0.6213 0.6595 0.6654 0.8256 0.8777 0.9242  0.6862

Xinjiang 0.6954 0.5254 0.5462 0.5991 0.6517 0.7001 0.7348 0.7458 0.7387 0.6597
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Results of Empirical Analysis
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1. Timetrend of aquaculture
technical efficiency
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Figurel Time Trend Chart of Aquaculture Technology Efficiency

Although the technicalefficiency of aquaculturen

Chinahasfluctuatedfrom 2007to 2015 it generally
showsan upward In the global economiccrisis in

2008 thefisheryindustrywasalsoaffectedandwas
in a recession state, then the efficiency of

aquaculturetechnology dropped significantly As
the country rescuesthe market, the recessionhas
easedand the technical efficiency has shown an
upwardtrend The technicalefficiency hasa slight
decline in 2011 From 2012 to 2015 with the
improvementof relevant supporting policies, the
efficiency of aquaculture technology began to
graduallyincreasesteadily
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0 2. Analysis of spatial differences of
aquaculture technology efficiency
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Analysis of technical efficiency

The average technical efficiency of aquaculture
varies greatly amongregions The region with the

greatesttechnical efficiency is Fujian Province,
wherethe technicalefficiency of aquacultures as
high as 0.9436 and the technical efficiency in

Guizhouis thelowest Theefficiencyis only 0.3302
and the differenceis large There are six regions
with technicalefficiency below 50%. Thereare 15

areaswith technicalefficiency above70%, 8 areas
with over80%, and6 areaswith technicalefficiency

above 90%, namely Liaoning, Fujian, Shandong,
GuangdongHainan,andGuangxi
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In the past 2002015 years, the average technical efficiency of aquaculture in China
0.6871, and the overall level is relatively high. However, there is still much room for
improvement.

Aquaculturein Chinais in a phaseof diminishingreturnsto scale Froma time point of

view, the sumof the elasticitiesof variousinput factorsis lessthan1 in eachyear,but
theoveralltrendshowsanupwardtrend Theelasticityof laboroutputandthe elasticity
of intermediate consumption output are positive, and the positive impact of

intermediateconsumptionon outputis greaterthanthat of labor input on output The
outputelasticity of input factorsin the aguacultureareais negativeeachyear Froma
spatialpoint of view, the outputelasticity of differentinput factorsin differentregions
varies greatly The output elasticity of labor and intermediateconsumptionin all

regionsis positive Of the 29 statisticalsamplesputputelasticityof aquacultureareain

17 areasis negative. It showsthat the aquacultureareain most parts of Chinahas
becomesaturated
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Throughthe analysisof the influencingfactorsof technicalefficiency, we canseethat
the processingate of aquaticproductshasa significantpositive effect on aquaculture
technologyefficiency Theincreasen the net exportrate of aquaticproductsandthe
increase in the number of technical extension institutions contribute to the
improvemenf the efficiency of aquaculturéechnology

Although the technicalefficiency of aquaculturan Chinafluctuates in the past2007
2015 years, it generally presentsan upward trendin 2008 the lowest technical
efficiency was 0.6482 and the highesttechnicalefficiency was 0.7212in 2015 The
averagetechnical efficiency of aquaculturevaries greatly amongregions The region
with the greatestechnicalefficiency is Fujian Province,wherethe technicalefficiency
of aquaculturas ashigh as0.9436 andthe lowestoneis in Guizhoy the efficiency s
only 0.3302 thedifferencebetweerthetwo is 0.6134



Suggestions

Strengtherthe promotionof technologyandincreasehe numberof
: technical promotion sites to help aguaculture personnellearn
" scientific aquaculturetechniquesand improve the efficiency of
existingaquaculturéechniques
Adjustthe input structureof factorsscientifically andeachregion
should decide whether to reducethe investmentin aquaculture
areadasedn actualconditions

Adjustthe structureof foreigntrade,simplify foreigntradeprocedures,
andencouragéehe exportof aquaticproductsto achievethe purposeof
expandinghetexports

Developthe aquaticproductprocessingndustry, expandthe salesmarket
for aquatic products,and solve the problem of preservationof aquatic
products
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