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Erdemir Gundogmus'
MODELING AND SENSITIVITY ANALYSIS OF ENERGY
INPUTS FOR WALNUT PRODUCTION

This study was conducted to determine the energy balance between energy inputs and yield for
walnut production in Turkey. For this purpose the data were collected from 51 walnut orchards. The
Jfollowing results were obtained from this study: Total energy input of 42,092.86 MJ ha-1 was
required for walnut production. The share of chemical fertilizers by 46.70% of the total energy
inputs was the highest energy input. This was followed by diesel-fuel (19.97%) and pesticides
(15.83%), respectively. The energy efficiency, energy productivity, specific energy, and net energy
were found as 1.74, 0.11 kg MJ 1925 MJ kg'] and 31,069.04 MJ ha’', respectively. The results
of econometric model estimation revealed that the impacts of human labor, pesticides, chemical
fertilizers, diesel-fuel and water for irrigation energy inputs were significantly positive on yield. The
results of sensitivity analysis of the energy inputs showed that the MPP value of human labor was
the highest, followed by water for irrigation and diesel-fuel energy inputs, respectively.
Keywords: energy input; energy output; econometric model; sensitivity analysis; energy efficiency;
walnut orchards.

Epnemip I'ynnormyc
MOJIEJIOBAHHA 1 AHAJII3 YYTJIMBOCTI 1O BUTPAT EHEPT 1
Y BUPOGHUIITBI BOJIOCBKUX I'OPIXIB

Y cmammi onucano 0ocaioxwcenns, npoeedene 0451 GUHAMEHHS EHEP2EMUUHO20 OAAAHCY
Mixc eumpamamu enepeii i epoxcaiinicmio 010cvkux 2opixie 6 Typewuuni. Jlasa wux uizeti 6yau
3ibpani dani 51 e2opixo602o0 cady. Y oOocaidxucenni Oyio ompumano maki pezyavmamu: 04s
BUPOGHUUMEA 8040CLKUX 20Dixie Gyau nompioni sumpamu enepeii 6 42092,86 M/[nc/2a. Yacmka
ximiunux doopue — 46,7 % 6i0 3azaivHux enepzoeumpam — cKAaia Habiavwi gumpamu exnepeii.
3a yum idymo ouzeavne naauso (19,97%) i necmuuuou (15,83%). KKJI, enepeoeghexmugnicmo,
numomuil éxcumox emnepeii i kopucna enepeia ckaaau 1,74, 0,11 xe/M{nc, 9,25 Mnc/xe i 31
069,04 MJxc/2a eionogiono. Ouinku exonomempuunoi modeai nokazaiu, w0 eHepeemu4Hi
sumpamu a100CcbKoi npaui, necmuuudie, Ximiunux doopue, ousnaiuéa i 600u 04 NOAUGY 3HAYHO
NO3UMU6HO 6NAUHYAU Ha 6poxcai. Pezyavmamu anaaizy wymaueocmi do eumpam enepeii
noKasaau, w0 2PAHUMHA UIHHICHA 3HaMywicmb A100cbKoi npaui 6yaa Haiieuworo, 3a HUM 3a
3Havywiicmio W0y eumpamu enepzii Ha 600y 045 NoAUGy i Ou3naiueo.

Karouosi caosa: eumpamu enepeii; euxio enepeii; eKoHOMemMpu4Ha mooensb;, aHAAl3 YYMAUBOCTI,
KKJI; eopixosi caou.
Dopm. 11. Taba. 6. Jlim. 19.

Opaemup [ynaormyc
MOIEJIUPOBAHUE U AHAJIN3 YYBCTBUTEJIBHOCTU
K 3ATPATAM DHEPTHUUA B ITPON3BOJICTBE I'PELIKX OPEXOB

B cmambe onucvieaemces uccaedosanue, nposedennoe 04 onpedeseHuss IHepeemu1ecKo2o
baaanca mexcoy 3ampamamu Hepeuu u ypoxcainocmoto epeuxux opexos ¢ Typuuu. /las smux
ueaeli Ovtau cobpanvt dannvie 51 opexoeozo cada. B uccaedoséanuu Oviau noayuenot maxue
pesyabmantvl: 045 NPouU3600CHEa epeuKux opexoé nompebdosaaucs ampamol suepeuu 6 42092,86
Mlnc/2a. [loas xumuueckux yoobpenui — 46,7% om obwux snepzozampam — cocmaeuia
Hauboavwue 3ampamot 3Hepauu. 3a smum caedyrom ouzeavroe monaueo (19,97%) u necmuuuodot
(15,83%). KIL, 3nepzosghpexmusrnocms, yoeavroe nompebienue snepeuu u noAe3Has FHepeus
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cocmaesuau 1,74, 0,11 xe/Mnuc, 9,25 Mnc/xe u 31069,04 MJnc/2a coomeemcmeenno.
Ouenku IKoHoMempu4ecKkoil modeau NOKA3aiu, 4o IHepeemuiecKue 3ampamol 4e408e4ecK020
mpyoda, necmuuyudos, Xumu4eckux y0oopenuti, ousmoniuéa u 600vt 0451 NOAUGA 3HAYUMEALHO
HOA0MCUMEAbHO NOBAUAIU HA YpoXcall. Pesyabmamol anaiuza ©wyecmeumeabHocmu K 3ampamam
SHepeuu NoKAa3aiu, 4mo 2PaHuMHAsl UEHHOCMHAS 3HAYUMOCHb “ea08evecko2o mpyda Oviia
Hauevlcwiell, 3a HUM NO 3HAMUMOCHU CAeOYIOM 3ampamvl Hepeuu Ha 600y 045 NOAU6A U
oJusmonaueo.

Karouesvie caosa: 3ampamor snepeuu; 8bix00 3Hepeuu; IKOHOMEMPUHECKas: M00eab;, AHAAU3
yyecmeumenvrocmu,; KI1JI; opexoevie caobL.

Introduction. Turkey is ranked third in the world after China and the USA in wal-
nut production (FAO, 2011). The production of walnut was about 177,000 tons per
year in Turkey and the harvested land area was 86,000 ha in 2009. Walnuts do not only
provide healthy fatty acids and high calorie, they are also rich in vitamins and miner-
als which help us to stay healthy. It includes potassium, magnesium, phosphorus,
iron, calcium, zinc, copper, vitamin B9, B6, E, A etc. (Koyuncu et al., 2004).

Today's agricultural production relies heavily on the consumption of non-renew-
able fossil fuels. Consumption of fossil energy results in direct negative environmen-
tal effects through release of CO2 and other combustion gases. Indirectly, there have
been positive effects: increased yields and reduced risk. Yet large amounts of cheap
fossil energy have indirect negative impacts on the environment like less diversified
nature through the intensification of agricultural practices. Thus, looking for agricul-
tural production methods with higher energy productivity is as topical today as it was
some 20 years ago (Refsgaard et al., 1998). Calculating energy inputs of agricultural
production is more difficult than the industry sector due to the high number of fac-
tors affecting agricultural production (Yaldiz et al., 1993).

The main objective in agricultural production is to increase yield and decrease
costs. In this respect, energy budget is important. Energy budget is the numerical
comparison of the relationship between input and output of a system in terms of ener-
gy units (Gezer et al., 2003). In general, increases in agricultural production on a sus-
tainable basis and at a competitive cost are vital to improve farmer's economic condi-
tion (De et al., 2001). Although many experimental works have been conducted on
energy use in agriculture, but there is only one study on the energy and economic
analysis of walnut production (Banaeian and Zangeneh, 2011).

Table 1. Nomenclature

n — required sample size; X, — electricity energy;
N — number of holdings in target population; g — error term;
s — standard deviation; a; — coefficients of the variables;

D — acceptable error (permissible error was B, — coefficients of the variables;

chosen as 5%); _ e ; .
T — confidence limit (1.96 in the case of 95% \I/‘)E Sogffggiﬁe?é;h e varizbles

reliability); IDE - indirect ;
Y, — yield level of the i farmer; RE - réﬁevl;z(lz)leegﬁgsggr

X - humap labour energy; NRE — non-renewable energy;
X, — machinery energy; MPP. —
X — pesticides energy; input;
X4 — chemical fertilizers energy;
X — diesel-fuel energy;

X — water for irrigation energy;

sth

marginal physical productivity of j

a; — regression coefficient of j input;
GM(Y) — geometric mean of yield;
GM(X)) — geometric mean of i input energy.
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The aims of this research were to determine the energy use efficiency per hectare
for walnut production, carry out a sensitivity analysis on energy inputs for walnut
yield and compare input energy use with input costs. This study reveals the relation-
ship between energy inputs and yield by developing mathematical models based on
walnut orchards in South Marmara Region of Turkey.

Material and methods. Selection of case study farms and data collection. In this
study the data were obtained from 51 walnut orchards in Bursa and Bilecik Provinces
in South Marmara Region. A face-to-face questionnaire was conducted in the pro-
duction year 2008/2009. For sampling, stratified random sampling method was used.
The sample size was calculated using the Neyman method (Yamane, 1967):

x x S?
ne zszNh Sh2 ’ (1
N“D* + Z N, xS
where N,, is the number of producers in the h” stratum; S?, is the variance of h"” stra-

tum; D? is the value of (d/t)%; d is the quantity of error permitted from the population
mean and t = 1.96 in response to 95% confidence limit. Thus, the sample size was cal-
culated to be equal 51, then selection of 51 walnut producers from the population
were randomly carried out.

In this region the input energy sources for walnut production were human labor,
electricity, diesel fuel, machinery, chemicals and irrigation water; while output ener-
gy sources were walnut kernel and wooden shell. The energy equivalent of inputs and
output, shown in Table 2, were used to estimates the energy values.

Table 2. Energy equivalents of inputs and output in walnut production

Equipment /input Unit Ener(gl\)& ]C ouerféltc;e nts Reference
A.INPUTS
1. Human labor h 1.96 (Singh and Singh, 1992)
2. Machinery (h) h 62.70 (Singh and Singh, 1992)
3. Chemical fertilizers kg (Singh and Singh, 1992)
a) Nitrogen 60.60 (Singh and Singh, 1992)
b) Phosphorus 11.10 (Singh and Singh, 1992)
¢) Potassium 6.70 (Singh and Singh, 1992)
4. Pesticides kg
a)Insecticides 199 (Hessel, 1992)
b) Fungicides 92 (Hessel, 1992)
5. Diesel-fuel L 56.31 (Singh and Singh, 1992)
6. Water for irrigation m® 0.63 (Yaldiz et al., 1993)
7. Electricity kWh 11.93 (Singh and Singh, 1992)
B.OUTPUT
1. Walnut kg 26.15 (Banaeian and Zangeneh, 2011)
2. Wooden shell kg 10.00 (Banaeian and Zangeneh, 2011)

The input energy in agricultural systems can be divided into direct and indirect
or renewable and non-renewable forms. The sources of direct energy include human
labor, diesel fuel, electricity and water for irrigation while indirect energy sources
include chemical fertilizer, pesticides and machinery.

Renewable energy consists of human labour; and non-renewable energy sources
consist of electricity, machinery, diesel-fuel, pesticides, water for irrigation and
chemical fertilizers. The energy input-output ratio (energy use efficiency), energy
productivity, specific energy and net energy were calculated by using the total energy
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equivalent of inputs and outputs per unit (MJ ha™') and fruit yield (kg ha™), using the
following equations (Rafiee et al., 2010):

Energy output(MJ ha™)
Energy input(MJ ha™)’

Energy use efficiency = 2)
Walnut output(kg ha™) 3)
Energy input(MJ ha™) '

: -1
Specific energy = Energy input(MJ ha ) ; 4)

Walnut output(MJ ha™)

Net energy =Energy output (MJ ha™) — Energy input (MJ ha™"). (5)

In order to specify the relationship between input energies and yield a mathe-
matical function needs to be identified. For this purpose Cobb-Douglas production
function was chosen as the best function in terms of statistical significance and
expected signs of parameters. The Cobb-Douglas function has been used by several
authors to investigate the relationship between input energies and production yield
(Banaeian and Zangeneh, 2011; Heidari and Omid, 2011). The Cobb-Douglas pro-
duction function is expressed as follows:

Y =f(x)exp(u). 6)
This function can be expressed as a linear relationship using the following
expression:

Energy productivity =

InY,:a+ZGjIn(X,j)+e,, i=12,.....,n, 7)
=

where Y; denotes the yield of the " farmer; Xi; is the vector of inputs used in the pro-
duction process; @ is a constant term; o, represent coefficients of inputs which are
estimated from the model; e, is the error term. Assuming that yield is a function of
input energies, for investigating the impact of each input energy on walnut yield, (7)
can be expanded in the following form:

InY, =a, +a,InX; +a,InX, +a,InX; +a,InX, + )

+a;InX; +ag,InX; +a,InX; +e,,

where X; (i =1, 2, ..., 7) represents input energies from human labour (X;), machin-
ery (X5), pesticides (X3), chemical fertilizer (X,), diesel fuel (X5), water for irrigation
(Xp), and electricity (X7). In addition, the impacts of DE and IDE energies and RE

and NRE energies on the yield were investigated. For this purpose the Cobb-Douglas
function was selected and investigated as the following forms:

InY, =B, +B,InDE +3,InIDE +e,, )

InY, =y, +v,INRE +y,InNRE +e¢,, (10)
where Y, is the i" farmer's yield; [; and y; are coefficient of the exogenous variables;

DE and IDE are direct and indirect energies, respectively, RE is renewable energy
and NRE is non-renewable energy.

In this study the return to scale index was determined in order to analyze the
proportional changes in output due to a proportional change in all the inputs (where
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all inputs increase by a constant factor). So, return to scale values for (8)—(10) were
determined by gathering the elasticities, derived in the form of regression coefficients
in the Cobb-Douglas production function. If the sum is more than, equal to, or less
than unity, implying that there are increasing, constant, or decreasing returns to scale,
respectively (Rafiee et al., 2010), an increasing, constant and decreasing return to
scale indicate that when the energy inputs are increased by X value, then the yield of
walnut production increases by more than, exactly and less than X value, respective-
ly.

In the last part of the research, the marginal physical productivity (MPP)
method, based on the response coefficients of the inputs was utilized to analyze the
sensitivity of energy inputs on walnut yield. The MPP of a factor implies the change in
the total output with a unit change in the factor input, assuming all other factors are
fixed at their geometric mean level. A positive value of MPP of any input variable iden-
tifies that the total output is increasing with an increase in input; so, one should not
stop increasing the use of variable inputs as long as the fixed resource is not fully uti-
lized. A negative value of MPP of any variable input indicates that every additional unit
of input starts diminishing the total output of previous units; therefore, it is better to
keep the variable resource in surplus rather than utilizing it as a fixed resource.

The MPP of the various inputs was calculated using the a; of the various energy
inputs as follow (Rafiee et al., 2010):

MPP, :%xa/_, (an
GM(X;)
where MPP,; is marginal physical productivity of M input; a; is regression coefficient
of /™ input; GM(Y) is geometric mean of yield; GM( X;) is geometric mean of M input
energy on per hectare basis. (8)—(11) were estimated using ordinary least square
(OLS) technique.

Results and discussion:

1. Analysis of input-output energy used in walnut production. Table 3 represents
the quantity of inputs and output used in walnut production and their energy equiva-
lents. The results reveal that the quantity of labour and machinery power required in
the walnut production were 1,305.19 and 37.26 ha™', respectively. The highest use of
human labour was in harvesting operations (46%) and irrigation (15%). Also, the
majority of machinery power was used in cultivating (47%). Additionally, according
to the results, 149.31 L of diesel fuel, 276.60 kg of nitrogen, 215.34 kg of phosphate,
75.37 kg of potassium, 26.87 kg of insecticides, 14.31 kg of fungicides, 147.01 m® of
water, 199.20 kW/h of electricity are used per hectare for walnut production. Average
walnut yield was about 4,551.00 kg ha™' in the studied region including 40% of kernel.
The total energy equivalents of the inputs and outputs were calculated by multiplying
the quantity per unit area by their equivalent energy. The total energy input and ener-
gy output were calculated as 42,092.86 and 73,161.88 MJ ha™', respectively.

Banaeian and Zangeneh (2011) found the total energy input and output for wal-
nut production in Iran were 15,196.10 and 44,454.60 MJ ha™' respectively. According
to physical input use level in Iran, the total energy input and output was very low.
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Table 3. Amount of inputs, outputs and their
energy equivalences in walnut production

In Quantity per unit| Total energy equivalent % of total
put area (ha) (MJ ha ) energy input

A. Inputs
1. Human labour (h) 1,305.19 2,558.18 6.08
2. Machinery (h) 37.26 2.336.23 555
3. Pesticides (kg)
a) Insecticides 26.87 5,347.60 12.70
b) Fungicides 14.31 1,316.58 313
4. Chemical fertilizers (kg)
a) Nitrogen 276.60 16,761.96 39.82
b) Phosphorus 215.34 2,390.31 5.68
¢) Potassium 75.37 504.98 1.20
5. Diesel-fuel (1) 149.31 8,407.89 19.97
6. Water for irrigation (m®) 147.01 92.62 0.22
7. Electricity (kWh) 199.20 2,37651 565
Total energy input (M]) 42,092.86 100.00
B. Output
1. Walnut kernel (kg) 1,820.40 45,855.88
2. Wooden shell (kg) 2.730.60 97.306.00
Total energy output (M]) 73,161.88

With respect to the obtained results, shown in Table 3, the shares of energy con-
sumption in walnut production consist of 46.70% chemical fertilizer, 19.97% diesel
fuel, 15.83% pesticides, 6.08% human labour, 5.65% electricity, 5.55% machinery
and 0.22% water for irrigation. The highest portion of energy input incurred by chem-
ical fertilizers. This is in agreement with the results found by Goktolga et al. (2006),
Demircan et al. (2006), Gundogmus (2006), for peach, cherry and apricot produc-
tions, respectively. The results revealed that consumption of chemical fertilizers,
diesel fuel, pesticides and electricity energy inputs is high for walnut production in the
region.

The energy efficiency, energy productivity, specific energy and net energy of wal-
nut production are listed in Table 4. The energy use efficiency (energy ratio) was
determined as 1.74, indicating that energy consumption in walnut production in the
surveyed region is efficient, i.e. energy production was greater than energy utilization.

Table 4. Energy input-output ratio in walnut production

[tems Unit Quantity®
Energy use efficiency - 1.74
Energy productivity Kg MJ! 0.11
Specific energy M] kg 9.25
Net energy M]J ha' 31,069.04
Direct energy* M]J ha' 13,435.20 (31.92%)
Indirect energy” M] ha't 28,657.66 (68.08%)
Renewable energy* M]J hat 2,558.18 (6.08%)
Non-renewable energy! M]J ha' 39,534.68 (93.92%)
Total energy input M] ha'! 42,092.86

* Includes human, diesel fuel, electricity and water for irrigation.

" Includes fertilizers, pesticides and machinery energy sources.

¢ Includes human labour.

dIncludes diesel fuel, electricity, pesticides, fertilizers, machinery and water for irrigation.
“Figures in parentheses indicate percentage of total energy input.
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Several authors have reported the energy ratio for different fruits such as 0.96 for
cherries production (Demircan et al., 2006) and 0.93 for peach production (Goktolga
et al., 2006) in Turkey, 1.54 for kiwi in Iran (Mohammadi et al., 2010), 1.25 for
orange, 1.06 for lemon and 1.17 for mandarin in Turkey (Ozkan et al., 2004).
Banaeian and Zangeneh (2011) found the energy ratio for walnut production as 2.90
in Iran. They considered the green shell while calculating the energy output differ-
ently.

The energy productivity, specific energy and net energy were found to be 0.11 kg
MIJ', 9.25 MJ kg'', and 31,069.04 MJ ha™', respectively. Banaeian and Zangeneh
(2011) reported the energy productivity and specific energy as 0.30 kg MJ ™" and 3.40
MJ kg' respectively, for walnut production in Iran.

The distribution of input energy in walnut production according to direct, indi-
rect, renewable and non-renewable energy forms is listed in Table 4. As can be seen
the direct and indirect energy forms consist of 31.92% and 68.08% of total energy
input, respectively. The chemical fertilizer input energy has the highest share
(68.59%) in indirect energy, followed by pesticides (23.25%). The shares of renewable
and non-renewable energy are 6.08% and 93.92% of total energy input. Several
researches have shown that the contribution of indirect energy is higher than that of
direct energy, and the share of nonrenewable energy is more than that of renewable
energy in production of different agricultural products (Banacian and Zangeneh,
2011; Goktolga et al., 2006; Demircan et al., 2006; Akcaoz et al., 2009).

2. Econometric model estimation of energy inputs for walnut production. For
investigating the relationship between energy inputs and yield of walnut production,
the Cobb-Douglas production function was specified and estimated using ordinary
least squares (OLS) estimation technique. Therefore, assumed that the walnut yield
(endogenous variable) to be a function of human labour, machinery, pesticides,
chemical fertilizers, diesel fuel, water for irrigation and electricity (exogenous vari-
ables). For the data used in this study presence of autocorrelation in the residuals
from the regression analysis was tested using the Durbin-Watson statistic test (Hatirli
et al., 2005). This test revealed that Durbin-Watson value was as 1.85 for (8), indicat-
ing no autocorrelation at the 5% significance level in the estimated model. The R?
(coefficient of determination) was as 0.98 for this linear regression model. The regres-
sion results of (8) (Table 5) revealed that the contribution of water for irrigation is sig-
nificant at the 1% level. Also the impact of human labour, machinery and chemical
fertilizer are significant at the 5% level. The estimated coefficients indicate that the
impact of energy inputs could be assessed as positive on walnut yield except machin-
ery and electricity. These results show that machinery and electricity inputs were used
excessively in walnut production.

Water for irrigation had the highest impact (0.37) between the inputs in walnut
production indicating that by increase in the energy obtained from water for irrigation
input, the amount of yield improves in present condition. With respect to the assessed
results, increasing 100% in the energy of water for irrigation led to 37% increase in wal-
nut output. The second important input was human labour with the elasticity of 0.43.
Mohammadi et al. (2010) estimated an econometric model for kiwi production in Iran.
They reported that the parameters of human labour, machinery, total fertilizers and
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water for irrigation had significant impacts in improving the yield of kiwi. For the same
production, Banaeian and Zangeneh, (2011) found that the parameters of human
labour, transportation, farmyard manure, chemical fertilizer, electricity and water for
irrigation had significant impacts on walnut yield.

Table 5. Econometric estimation results of inputs

Exogenous variables \ Coefficient \ t-ratio \ MPP
Model 1: nY; = a,+ a,;n X, + a,lnX, + a;imX; + o, X, + o;mX;+ ognXs + o,inX; + €,

Constant 0.44 1.98#
Human labour 0.43 2.33% 0.50
Machinery -0.15 -2.01 @ -0.31
Pesticides 0.06 0.78 0.11
Chemical fertilizers 0.15 1.81° 0.18
Diesel-fuel 0.15 0.98 0.23
Water for irrigation 0.37 269 P 0.36
Electricity -0.03 -0.28 -0.04
Durbin-Watson 1.85
R? 0.98
Retum to scale 1.42

* Indicates significance at the 5% level.
b Indicates significance at the 1% level.

The MPP value of model variables is shown in the last column of Table 5. As can
be seen the MPP of human labour, water for irrigation, and diesel-fuel were found to be
0.50, 0.36 and 0.23, respectively. This indicates that an increase of 1 MJ in each input
of human labour, water for irrigation, and diesel-fuel energy, would lead to an additional
increase in yield by 0.50, 0.1.32 and 0.71 kg ha™!, respectively. The value of return to
scale for the Model 1 was calculated by gathering the regression coefficients as 1.42.

The higher value of return to scale than unity implies increasing return to scale.
For investigating the regression coefficients of direct, indirect, renewable and non-
renewable forms of energy input with yield of walnut production the Models 2 and 3
were estimated using (9) and (10), respectively. The results are presented in Table 6.
As can be seen, all the regression coefficients of direct, indirect, renewable and non-
renewable energy forms were positive and significant at the 1% level.

Table 6. Econometric estimation results of direct, indirect,
renewable and non-renewable energies

Exogenous variables | Coefficient | t-ratio \ MPP
Model 2: [nY; = B, + B,/nDE + B,mIDE + ¢,
Constant 0.24 2112
Direct energy 0.74 953" 0.71
Indirect energy 0.22 278 b 0.27
Durbin-Watson 1.63
R? 0.96
Return to scale 1.20
Model 3: nY; =y, + V\lnRE + y,lANRE + ¢
Constant 0.45 4710
Renewable energy 0.61 3.80 " 0.70
Non-renewable energy 0.36 302" 0.35
Durbin-Watson 1.69
R? 0.97
Return to scale 1.42

* Indicates significance at the 5% level.
b Indicates significance at the 1% level.
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The impact of direct energy was higher than that of indirect energy (0.74 versus
0.22), implying that 100% increase in direct energy inputs led to 74% increase in
yield, while 100% increase in indirect energy led to 22% increase in yield. Also the
results show that the impact of renewable energy (0.61) was more than that of non-
renewable energy (0.36) in walnut production.

Several authors had reported that the impact of direct energy is higher than that
of indirect energy (Banaeian and Zangeneh, 2011) and the impact of renewable ener-
gy is higher than that of non-renewable energy (Heidari and Omid, 2011). For the
Models 2 and 3 the statistic variables are presented in Table 5. Durbin-Watson statis-
tic test revealed that Durbin-Watson values were 1.63 and 1.69 for (9) and (10),
respectively; indicating no autocorrelation at the 1% significance level in the estimat-
ed models. The R* values were 0.96 and 0.97 for both estimated models.

The return to scale values for Models 2 and 3 were 1.20 and 1.42, respectively,
implied increasing return to scale. As can be seen from Table 5, the MPP values of
direct, indirect, renewable and non-renewable energies were 0.71, 0.27, 0.70 and
0.35, respectively. It indicates that an additional use of 1 MJ in each of the direct,
indirect, renewable and non-renewable energies, would lead to an additional increase
in yield by 0.71, 0.27, 0.70 and 0.35 kg ha™', respectively.

Conclusions. Optimization is an important tool to maximize the amount of pro-
ductivity which can significantly impact the energy consumption and production
costs. Optimization of energy usage in agricultural systems is reflected in two ways: an
increase in productivity with the existing level of energy inputs or conserving energy
without affecting the productivity. Energy management becomes more important
when required energy should be economical, sustainable and productive.

In practice, according to econometric results walnut producers should reduce
machinery and electricity inputs in order to obtain optimization. This problem can be
expressed in mathematical form as a linear programming. So, the present study can
be extended to identify efficient growers from inefficient ones, determine wasteful
uses of energy inputs by inefficient growers and suggest necessary quantities of vari-
ous inputs to be utilized by each inefficient grower from every energy source. More
studies in this direction are currently underway.
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®dinaHcoBa CKJIaJ0Ba €KOHOMIUYHOI Oe3meKM: JepxKaBa i
ninnpuemctBo: Hayk. monorpadis. — K.: Hamionanbna
akazaemis ynpasainns, 2010. — 232 c. L{ina 6e3 noctaBku
— 40 rpH.
Astopu: M.M. €pmomenko, K.C. Topsiuena.

Y MoHorpadii po3kpuTo Miclie i 3acagu iHaHCO-
BOI 0€3IeKN B CUCTEMI EKOHOMIYHOI O€3IeKN Ha IBOX
PIBHSIX YIPAaBJiHHS €KOHOMIKOK KpaiHW: AepXKaBW i
mianpueMcTBa. PO3KpUTO poib eKOHOMIUHOI O€3MeKU B
PO3BUTKY €KOHOMiKM YKpaiHu, BUBHAYEHO i OOTpyHTO-
BaHO LUISIXU 3a0e3revyeHHs1 (iHAHCOBOI Oe3MeKu Ha
PiBHi Iep>KaBH.

BukinameHO MeTOmOJIOTIYHI OCHOBU (DiHAHCOBOI
Oe3IeKu MiaMpueEMCTBA Ta YIpaBIiHHS Helo. BuzHaueHo (opmu i MmeToam ymocko-
HaJICHHSI MEXaHi3My YNpaBiiHHS iHaHCOBOIO O€3MEeKOI0 Ha PiBHI MiANPUEMCTBA.
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