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Figure 1- Farrell’s measure of technical and
allocative efficiency
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Table 1- Description of the variables

Stochastic frontier production function

Technical inefficiencv model

Symbol - - Symbol - . Symbol Risk .
of Variable Unit of of Variable Unit of of management Unit of
. measurement . measurement - measurement
variables variables variables tools
Fish Technical Dependent Reduce risk Likert
y . Ton U, S : R,
production ! inefficiency variable exposure spectrum
The total ) Collecting Likert
Xy area of m Z, Age Year R, information spectrum
Amount _ ) Select Likert
X, of baby Number Z, Education Ranking R, technology spectrum
fish ber of with lower
Number o ;
X Labor  Person day Z, fish Numberof g Diversification ~_-1Kert
. times spectrum
hreedina )
X,  Feedcost Millionrails ~ Z,  NUmPerof \imber R, Flexibility Likert
pools spectrum
. Number of . ) )
X5 Machinery Day/Clock zZ, participants Number of Rs Financing Likert
usage in the times method spectrum
trainina
History of ;
26 fish Year R7 Shareholder Likert
- agreements spectrum
farmina
Fish . .
Z7 breeding of NoiO Rs Marketing Likert
the main Yes=1 contracts spectrum
7 Agricultural No=0
8 insurance: Yes=1
7 Ownership Rent=0
9 status: Owner=1
7 Water Well=0
10 supply River=1
Having No=0
Zi, additional Yes—1

income:
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Table 2- Descriptive statistics of fish farms

Descriptive statistics Variable Number ~ Minimum  Maximum  Average g;?/?:t?cr)ﬂ
Age (Years) 80 25 77 25.48 98.11
Agricultural activity history (Years) 80 3 50 41.23 82.12
History of activity in the field of fish farming 80 3 20 40.7 143
(Years)
Sub-job income (Million rails) 80 0 7000 989 1140
Number of active pools (Number) 80 1 12 24.5 93.2
The total area of operating pools (m?) 80 8 3000 1047.45 764.92
Total production capacity of pools (Tons) 80 2 30 79.10 59.7
Number of fish breegimg periods (Number of 80 1 3 31 49.0
times)
Numbe_r (_)f participants in the flsh breeding 80 0 7 273 751
training course (Number of times)
Total of used baby fish (Number) 80 2200 220000 21640 68.46446
The total cost of used baby fish (Million rails) 80 17 3500 202 537
Number of labor used (Person) 80 1 5 67.2 29.1
Number of working days (Days) 80 200 350 25.306 65.38
Number of family labor (Persons) 80 4 211 29.1
Number of aerators in the field 80 30 8.12 29.8
Amount of food consumed (Tons) 80 35 83.12 56.8
Feed cost (Million rails) 80 11 3800 602 1006
Machines usage (Day hours):
Aerator 80 4800 8400 7333.25 944.63
Engine 80 500 15000 1643.12 2278.97
Floating 80 4800 8400 25.7342 946.77
Cost of energy and water (Million rails):
Fuel cost 80 1 19 3 33
Electricity cost 80 7 800 46 87.2
Gas cost 80 0 0 0 0
Water cost 80 4 30 13 6.65
Fish production (Tons) 80 15 80 10.89 10.51
Fish price (Rails) 80 200000 300000 233150 16996.72

Source: Research findings

Table 3- Results of frequency distribution of some qualitative variables

Variable

Moods

Frequency (number)

Relative frequency (%)
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Female =0
Man=1
No=0
Yes=1
No=0
Yes=1
Rent =0
Owner =1
No=0
Yes=1
No=0
Yes=1

Gender
Fish farming as the main occupation
Agricultural insurance
Ownership status
Participate in fish farming training courses
Ancillary income other than fish farming

5 6.3
75 93.7
34 425
46 575
55 68.6
25 31.2
10 12.5
70 87.5
5 6.3
75 93.7
80 100
0 0
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Table 4 — Results of applied risk management strategies and tools in the fish farms

Strategy | Tool Items Non Low Moderate Much More Total VXS;?:;?
1- To what extent do you use insurance 22 50 8 0 0 80 182
services for fish mortality? (27.5) (62.5) (10) (0) (0) (100) '
2- To what extent do you use well- 3 7 33 24 13 80 3.46
= known brands of medicine? (38) (8.8) (41.3) (30)  (16.3) (100) '
3 3- To what extent do you use high- 1 1 14 26 38 80 424
% auality food arains? (1.3 (1.3 (17.5) (32.5) (47.5) (100) '
x 4- To what extent do you use proper 0 1 18 23 38 80 4.22
= auality babv fish for production? (0) (1.3) (22.5) (28.7) (47.5) (100) '
§ 5- To what extent do you use a proper 1 14 37 24 4 80 3.20
3 schedule to use the pesticides on the (1.3) (175 (46.3) (30) (5) (100) '
14 6- To what extent do you use disease 1 8 42 27 2 80 3.26
< control programs such as pool water (1.3)  (10) (52.5)  (33.8) (2.5) (100) '
7- To what extent do you use the 3 18 36 19 4 80
presence of doctors on the farm to 3.04
improve fish production and farming? (38) (225 (45) (23.8) ©) (100)
1- To what extent do you use statistic 4 44 23 7 2 80 249
methods to collect production (5) (55) (28.7) (8.8) (25) (100) '
5 2- To what extent do you collect 8 30 34 6 2 80 255
T information about new methods of fish (10)  (37.5) (42.5) (7.5) (2.5 (100) '
£ g 3-To what extent do you use a suitable 26 22 23 9 0 80 219
g = mechanism such as preparing formsand  (32.5) (27.5) (28.7) (11.3) (0)] (100)
E; o 4- To what extent do you use previous 3 18 50 9 0 80 281
iz % farm information to improve (3.8) (225 (625 (11.3) (0) (100 '
> 2 5- To what extent do you collect the 0 20 33 23 4 80 3.14
2 3 market prices to determine vour fish (0) (25) (41.3) (287) (5  (100) '
E ) 6- To what extent do you use the 2 17 21 32 8 80 334
S information of feed price to purchase it?  (2.5) (21.3) (26.3) (40) (10)  (100) '
= 1- To what extent do you use the right 1 9 29 31 10 80 3.50
- = fish breed to rise production? (13 (11.3) (36.3) (38.8) (12.5) (100 '
3 %i 2- To what extent do you use well- 1 5 34 28 12 80 356
& % ‘ known medicine? (1.3) (6.3) (42.5) (35) (15)  (100) '
O = = 3-Towhat extent do you use well- 3 4 19 25 29 80 391
L known feed? (3.8) (5) (23.8) (31.3) (36.3) (100) '
1- How much do you spills baby fish at 4 18 40 16 2 80 292
5 different times in different pools? (5)  (22.5) (50) (20) (2.5 (100) '
b= 2- To what extent do you use other 9 38 25 8 0 80 240
e aariculture activities in addition to fish ~ (11.3) (47.5) (31.3) (10) (0)] (100) '
g 3- To what extent do you use different 54 19 4 3 0 80 1.45
'3 tvpes of fish for breedina on vour (67.5) (23.8) (5) (3.8) (0) (100)
B 4- To what extent do you use 53 17 10 0 0 80 1.46
diversification strategy on your farms?  (66.3) (21.3) (12.5) (®) 0 (100) '
1- To what extent have you designed
the building and the fish pond in such a (1?8) (2%:3) (5‘;6.35) (1%3) (1.13) (18000) 2.50

wav that it can he 11sed for nther
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2- To what extent have you made it 20 34 25 0 1 80
possible to produce other products 25) (425) (313) ) (13)  (100) 2.10
> rather than fich nn voiir farms?
= 3- To what extent do not you dependent
~'>9< on a particular market for selling fish > 18 50 U 0 80 2.74
2 and do you use different markets for ~ (6:3) (225 (625  (88)  (0)  (100)
(m 4-To what extent have you been able to
minimize fixed production costs such as 2 17 52 9 0 80 2.85
construction, equipment, and machinery 25 (213 (65) (11.3) © (100)
5- To what extent do you use the
appropriate schedule with the short time 3 13 37 27 0 80
3.10
to produce fish on seasonal pick (3.8) (16.3) (46.3) (33.8) 0) (100) '
demand such as new year festival?
1- To what extent do you use bank 7 19 39 15 0 30
loans for the prosperity and 2.77
=y develanment nf nradiictinn? 88) (238 (48.8) (18.8) © (100)
S 2- How much do you use your initial 1 13 32 32 2 80 326
s capital? (1.3) (16.3) (40) (40) (25) (100) '
iT 3- To what extent do you use loans with 7 12 38 21 2 30
S fixed and cheap interest rates to 2.99
L imnrove the financial citnatinn? 8.8) (15) (47.5) (263) (25  (100)
@ e 4- To what extent do you use
3 partnerships with private investors to 17 30 26 5 2 80 2.31
g provide liquidity and improve your 213) @15 (325 6.3) (25 (100
E 1- To what extent Hoay‘o.d‘use co- 11 36 25 8 0 80
x 5 production agreements with investorsto  (13.8)  (45) (31.3) (10) (0)  (100) 237
= =] vaina vialir meadl i AbiAKO
= o5 2- To what extent do you use 23 33 16 8 0 80 211
8 = = partnership aareements with (28.7) (41.3) (20) (10) (0) (100) '
! (3]
5 ZR= 3- To what extent do you make 4 30 37 9 0 80
) contracts with the inputs suppliers to 2.64
improve your farm financial statue? ©) @79 (463) 13 O o0
o> 1- To what extent do you use credit 18 46 15 1 0 80 1.99
% 2 sales contracts? (22.5) (57.5) (18.8) 1.3) 0) (100) '
< g 2- To what extent do you use fish 13 49 16 2 0 80 209
g S forward sale contracts? (16.3) (61.3) (20) (2.5) 0 (100) '
%) © 3- To what extent do you use 14 40 24 2 0 80 217
agreements that marked with market (17.5)  (50) (30) (2.5) (0) (100) '
4- To what extent do you use fish 20 53 7 0 0 80 1.84
agricultural insurance contracts? (25) (66.3) (8.8) (®) 0) (100) '
Table 5- Overall results of measuring risk management tools
Strategy Tools Minimum Maximum  Average Median  Variance Ccv
Reduce risk exposure 2.14 4.57 3.32 3.29 0.29 0.16
Collecting information 2.17 4.33 2.75 2.67 0.21 0.16
On- farm Select technology with low risk 2 5 3.66 3.67 0.61 0.21
Diversification 1.25 3.50 2.06 2 0.20 0.22
Flexibility 1.40 3.60 2.66 2.8 0.15 0.15
Farm Financing 1 3.75 2.83 2.75 0.25 0.18
Off- farm Shareholder agreements 1.33 4 2.37 2.33 0.35 0.25
Marketing contracts 1.25 3 2.02 2 0.19 0.22

Source: Research findings
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Table 6- Results of estimation stochastic frontier production function and technical inefficiency

Variables Coefficient t-Statistic P-Value
Production function:
Constant -6.14"" -3.56 0.00
Total area of the pools () 0.06™* 2.36 0.02
Amount of baby fish ( x 2) 0.30" 3.65 0.00
Labor (x,) 0.51"" 5.80 0.00
Feed cost (Xa) 0.09"** 3.05 0.00
Floating usage (Xs) 0.90"* 9.81 0.00
Aerator usage (Xs) -0.90™ -9.82 0.00
Technical inefficiency model:
Constant 10.07™ 2.03 0.04
Age (z)) -0.05" -1.64 0.10
Number of pools (zA) 0.76" 3.03 0.00
Number of participants in fish breeding training courses (Zs) -1.56*** -3.08 0.00
Fish farming as the main occupation (Ze) -2.96™** -3.07 0.00
Select the technology with low risk’s tool ( Rs) 1.86™* 2.93 0.00
Flexibility’s tool (R,) -3.53" -2.42 0.02
Marketing contract’s tool ( Rs) -4.49* -3.11 0.00

Source: Research findings (*, ** and *** are significant at the 10%, 5% and 1% respectively)
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Table 7- Results of estimating the technical efficiency of fish farms

Efficiency classification

Number of breeders

Relative frequency (%)

Cumulative frequency (%)

Less than 70 8 10 10

70-80 8 10 20

80-90 25 31 51

More than 90 39 49 100

Average of technical efficiency: 85.7 Maximum of technical efficiency: 93
Standard deviation of technical efficiency: 10.3 Minimum of technical efficiency: 49

Source: Research findings

Table 8- Results of estimating the technical efficiency of fish farms according to the pool area

Pool area Frequency  Relative frequency (%)  Average Minimum  Maximum  Standard deviation cVv
500 and less 21 26.25 0.85 0.51 0.93 0.11 0.13

500-1000 33 41.25 0.88 0.49 0.93 0.10 0.11
1000-1500 11 13.75 0.89 0.77 0.93 0.06 0.07
1500-2000 6 7.5 0.73 0.59 0.84 0.11 0.15
2000-2500 5 6.25 0.82 0.79 0.91 0.05 0.08
2500-3000 4 5 0.82 0.76 0.89 0.07 0.08

Source: Research findings
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Introduction: Among agricultural activities, aquaculture has shown the highest growth among
food production sources in the last two decades. According to the F.A.O., aquaculture is the best
supply of the maximum motivation for poverty alleviation. Uncertainty and risk in the
aquaculture subsector, like other agricultural subsectors, are formed due to unfavorable weather
conditions, the prevalence of diseases, and price fluctuations. Naturally, due to uncontrollable
factors and risks, the efficiency of production units is expected to decline. Identifying sources
of these risk in aquaculture activities is one of the key points for risk management. It is clear
that risk can never be eliminated, but it can be managed by identification. Zanjan province is
one of the major fish farming regions of the country and among them is the city of Mahneshan
which accounts for about 65% of the total fish production of this province.

aterials and methods: The purpose of this study is to the identification of risk management
tools in fish farms and their effect on the technical efficiency of these farms in Mahneshan
county. To this end, the stochastic frontier production function was applied and the required data
were collected by surveying a questionnaire by stratified proportional random sampling from
salmon farms in three-zone including Central Angoran, and Oryad in Mahneshan county in
2020. In general, risk management strategies in the agriculture sector were divided into two
categories: in-farm risk management strategy and off-farm risk management strategy. These two
categories are classified into 8 risk management tools and then measured by the Likert spectrum.
The Cobb-Douglas functional form was selected to estimate the stochastic frontier production
function.

Results and discussion: The results showed that among the in-farm risk management strategies,
the selection technology with less risk tool is the most popular and the tool of the financing
method is very common in the off-farm risk management strategies. In address to the
comparison between In-farm and Off-farm’s risk management strategies, the fish farmers are
more likely to use in-farm risk management strategies. The estimated results of the Cobb-
Douglas production function showed that the total area of pools, number of baby fish, labor, and
feed cost, Floating usage, and Aerator usage have a significant effect on fish production.
According to the results, if the total pools area increases by one percentage, the frontier fish
production will increase by 0.06 percentages, and if the number of baby fish increase by one
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percentage, the fish production will increase more than one percent. After estimating the frontier
production function, the technical inefficiency model was estimated. The results showed that
with increasing age, the technical efficiency rise and enhancing the participation to the fish
training courses and being fish breeding as the main job, have a positive effect on the technical
efficiency so that it improves significantly. Also, increasing the number of pools and being fish
farming as the main job has a positive effect on the technical efficiency of farms. Regarding the
impact of risk management tools on the technical efficiency of fish farms, it was observed that
the technology selection with fewer risk tools has a negative impact, and the flexibility tools,
and the use of marketing contracts tools have a positive effect on breeders' technical efficiency.
So, by using these tools, the technical efficiency of the farms also increases. Finally, the
technical efficiency of the farms was calculated and results revealed that about 50% of farms
have an efficiency of more than 90%, and farms with a pool area of 1000-1500 square meters
with 89% efficiency, have the highest technical efficiency.

Conclusions: Given that producers use risk-reduction tools rather than transferring risk on farms
and this also harms the technical efficiency, so it is recommended that in a progressive world to
take advantage of modern production technology, a great facility should be provided.
Keywords: Mahneshan county, Risk management, Salmon farming, Technical efficiency



