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1. Constant Return to Scale(CRS)

2. Variable Return to Scale(VRS)

3. Alloccative Efficiency(AE)
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5. Data Envelopment Analysis(DEA)
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Table 1. Economic and biological parameters used for modeling the basic scenario
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Table 2. The effects of variations in parameters of the model on optimal herd life

SN Jlo o 2 alS e S

(Replacement rate) (Herd life/year) (Changes)

0.219 455 (Base) 4|, Jl-»
(Discount factor) |55 ;556
0.25 3.94 Lo s Voot
0.19 5.01 Loy Ve
(Milk price) . co
0.22 4.4 KW
0.2 4.84 Ao ys Yoo
(Heifer price) auls b
0.2 4.84 do 3Vt
0.26 3.77 LoV

Ao



1Y (V) 0,kowd d(A) B WS g5l 55 (i gy Ay puid

5 Shs eSS THAVIO G e s 0 55 )
il Slas b Ave Sladl G a8 Y e sl
0 S kS AYUYAY 5 56 SIS YEWY VL.
Lt DUl 4 e Lol 038 W5 558
SLaOlE )l hu g als slaolg as e ple 5 S

A3 g erie Olldels Law g Ay 2 glacwed (s

el el oslin ol (sl ine io 5 Ll

by e S 5 ety Glons Sl (ks
Sl S 0 mlaiS 5 ST @S oIul) Laeslys
2 GeS Ads 5 o3 W) laesb 5 (Cibig
2 dade ol b cal eSS Y Jgus

VAT VL S0 b Sl sk 4 518

o 2 5 Gl s eskin 5 beslg )bl o 5 =Y g
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Table 4. Distribution of different efficiencies compared to the studied dairy farms
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Table 6. Distribution of technical efficiency through constant returns to scale (CRS) and variable returns to
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Table 7- Distribution of technical, allocative and economic efficiency
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Table 8. Determining the amount of possible variations in the production inputs in order to promoting
inefficient days to the efficient days
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Abstract

Background and objectives: One of the safe ways to increase income and profit is to pay
attention to the longevity of dairy cows as well as to increase the efficiency in each livestock
units. Since livestock production enterprises are often in a competitive position by input-output
market, increase of efficiency is considered as one of the most reliable ways to increase revenue
and profitability in each livestock unit. This study aims to determine the efficiency and factors
affecting the optimal herd life using data envelopment analysis (DEA) model and dynamic
programming in Ardabil city, Iran.

Materials and methods: The data of this study was collected from Ardabil dairy farms from
March 2018 to March 2019. The economic system of dairy cow herd was divided into income
and cost components using system analysis method each which was decomposed to some other
subsections. Then, a bio-economic model was simulated using mathematical models and
optimization was performed using the Compecon toolbox of Matlab software. Dairy cattle were
described through state variables including lactation period, the capacity of milk production, and
different states at conception time. To design the data envelopment analysis model, several
inputs and outputs were studied in the production process. The main variables used in the
current study included herd size (number of cows), food and concentrate (Kg), manpower
(individuals per day), health issues (number of excretion per day), production of milk and
fertilizer (Kg), and total different incomes. For analyzing the calculations of efficiency, Deap
2.1 software was used which is based on minimization of input per unit of production.

Results: The optimal herd life (from the first parturition to the removal time) under the
specified optimal conditions was 4.55 years. The results showed that the technical efficiency
was 0.719 and 0.899 with constant and variable return to scale, respectively while the scale
efficiency was calculated as 0.788. In general, the values of technical, allocative and economic
efficiencies were 0.99, 0.583 and 0.579, respectively. The results of data envelopment analysis
showed that in the variable return to scale conditions, increase in herd size and health costs as
well as decrease in the amount of food, concentrate and manpower costs improves the efficiency
of inefficient herds by 14.18%, 0.83%, 2.8%, and 5%, respectively while the production level is
kept at the same level.

Conclusion: The effect of changes in heifer price, milk and discount rate on optimal herd life
showed that the percentage of livestock removal from the herd is decreased and the optimal herd
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life of cattle is increased with the increase in heifer price and discount rate as well as decrease in
milk price. To increase the efficiency of an inefficient dairy breeding unit, changes can be
applied in the inputs and outputs of the unit and a suitable strategy can be designed to increase
the efficiency of herd through determining the differences appeared between efficient and
inefficient units.

Keywords: Dairy cattle, Data envelopment analysis, Dynamic programming, Efficiency,Optimal
herd life
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