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8- Root mean square error

9- Mean absolute percentage error

Integrated  Moving  Average
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2- Life Cycle Inventory (LCI)
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Fig. 1. The overall structure of ANFIS
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n 2
i=1 AL‘

1
MSE = ;Z(PL - Ai)z

1
RMSE = /ZZ(Pf —4)
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Joleo gBly > o8 cud (9399 Gla Ui 2 p9d &Y (295
Sl obazg S pow Y (0518 4Y) Litn (3l ST s
Y (gilw ey aY) cal L8 &Y oud ojley aS w0
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1- k-fold cross validation
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Fig. 2. The topology of the best ANFIS model for prediction of GWP in alfalfa production flow
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Table 4- Values of the potential environmental impact
for a hectare of alfalfa cultivation

ﬁ‘lgs%&':v Sl oy
mpac i
categories Amount unit
Sl gielesS Jeily 13373 kg CO; eq.

Global warming potential

Abiotic depletion JI,¢ xbe Jl&s  0.015 kg Sh eq.
(ul““s C"’?’“’) LJ)"’C é‘.h" J"L"’ 205169 MJ
Abiatic depletion (fossil fuels)
O el Jonly 906 kg SO;eq.
Acidification potential
2l L] Jeily 198  kgPO,eq.
Eutrophication potential
Lobudl Cumgons Jonily 2054 kg L4-DBeq.
Human toxicity potential
SE Cuogonne 387 kg 14-DBeg.
Terrestrial ecotoxicity
tlondad (gplins]
Photochemical 3.84 kg CoH, eq.
oxidation

SdsS it Sla sladsS jl o g (b ) Sl
39500 NSy Sid oy Y gano g 94 g0 03lisel (ploesd
399> (alerd sladsS Jy JiSo 1 (5D 90> Jlg> sleoss)
53 oo o5 3,0)8 s 4 (Llosds B yune HliSa 3 p,55LS 110
Owb Gyas L'j JLid 45 (65,51 sl (glasyi0 1Siis Sldos
Cg 9 (5598 Smdle wrw daidle by Jp> cdgw
ale (el b anslio jd j2aS 3,8 s 4 (Sau¥T > 5o

Bl oo peSeda (e s S]]

wig S S slae o wuiiune ol L] -3 Jos
Table 3- On-farm emissions for a hectare of alfalfa

olane SN (LS 43 0,5 9LS) Jludo
On-farm emissions Amount (kg.ha™)
lo 4 Lzl (1
1) Emission to air
NH; from urea 10.32
NOy 0.51
N,O from urea 1.11
CO,, fossil from urea 66.57
CO, from diesel 269.31
CO, from labor 377.42
SO, 0.09
CH, 0.01
N,O from diesel 0.01
NH; from diesel 0.02
CeHs 0.001
o 4 Lasl 2
2) Emission to water
NOg" 56.48
PO* 4.32
Cd 0.00002
Cr 0.07778
Cu 0.00200
Pb 0.00008
Hg 0
Zn 0.00990
Sk 4y ,Lasl (3
3) Emission to soil
Cd 0.00615
Cr 0.07259
Cu 0.00265
Pb 0.01110
Hg -0.00017
Zn 0.06149

Jolss 5515 13373 o islesS Jewslty sl i

Oiale)S Jansily yi5u ) dtpuny S g Al g0 2pSTisd o )S
s SHLE Tl g 5 Sl 0352 Laosled ol Gl Sla
Jrd C g b (9390 U5 g (Gle> 265 sl AJg5 aoigy ]
i ollllas 1381 5 wilesls (L 3¢5 511y ()38 ,80 oyt
(Khoshnevisan et al., 2013b; Nemecek et al., os_s slso!
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Fig. 3. Normalized Impact categories for a hectare of produced alfalfa

Table 5- Damage category values for one hectare of alfalfa production

P Jlase aslg
Impact categories Amount Unit
sl CeoMs
o 0.0101 DALY
Human health
gyl e
A 12800 kg CO,eq
Climate change
- ‘ - o
presS] CuheS 6530  PDF*m2*yr
Ecosystem quality
Lo .
¢ 208000  MJ primary
Resources
100% DElectricity, low voltage {IR}| marketfor | Alloc Def,
S
90%
@ Poultry manure, dried {GLO}| marketfor | Alloc
80% Rec, S
Agricultural machinery, unspecified {GLO}| market
70% for | AllocDef, S
60% @ Organophosphorus-compound, unspecified {GLO}|
market for | Alloc Def, §
50% m Diesel {RoW}| market for | AllocDef, S
40% mPhosphate fertiliser, as P205 {RER}| triple
superphosphate production | Alloc Def, S
30%
W Urea, as N {GLO}| marketfor | Alloc Def, S
20%
O Grass seed, Swiss integrated production, at farm
10% {GLO}| market for | Alloc Def, S
0% 4 W Direct emissions
Human health Ecosystem Climate change Resources

quality

g MWy lSa S S)lud ol (0 —4 SIS
Fig. 4. Evaluation of damage assessment for one hectare of Alfalfa production
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4o g aal g8 ST (5ladss )
o3l Hlade wilgty a8 padll Jae oy yins & (oloied jslaied
sbayahl 3 (Sl 338 ot b Sle plle)S Jeuily
sbaghyy 2955 9 $39)9 Cugae @b gy g ol Wil il
Oly o 356908 5 (S5 b 00l Sgl sluws g (g5lwdigg
el Coguae mles slaw cudl sl oy yies 4 obiwd gy
O el loaSus ) 1y eyl S sliw gl milgi dlass
2l jgel (slmodly cds sl 5l yxaS b a8 4 o
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e Ly el 3L e eCalep 0 B a5 Gialeg] s
3 sl aSs (S p0 ol Jeols el oel 2 S5 3 oS ol
pod als o 13 aS b Hlax Jol dls g ol (gl Jdo Al po dw
2 lealy ploul ) (g5le Jde 4l S pow dls o )d 5 a9
Pl 2 9 B4D S 5 oo b g3 4 93 (93955 gloodles Syl al> e
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Table 6- Parameters of the best k-fold and C-means models for prediction of GWP

Cogas g g4 295!
olgs Membership function type Sl dlaxi S5l
Title 8599 9y Epoch number Learning

Input Output algorithm
L oo = S5 40 -
ANFIS 1 Linear Bell Hybrid
2 il ks M55y 10 T
ANFIS 2 Linear Bell Hybrid
3 el s SMsSS; 20 e
ANFIS 3 Linear Bell Hybrid
4 i ks S5y 10 T
ANFIS 4 Linear Bell Hybrid
5 e ks M55y 10 T
ANFIS 5 Linear Bell Hybrid
6 i ks M55y 10 T
ANFIS 6 Linear Bell Hybrid
7 el s SMsSS; 20 e
ANFIS 7 Linear Bell Hybrid
8 i ks S5y 10 T
ANFIS 8 Linear Bell Hybrid
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Sk pileyS Jewily (ylie i sl C-means g k-fold slaJae oy pins Sluoguas =7 Jgdo
Table 7- Characterization of the best k-fold and C-means models for prediction of GWP

R MSE RMSE
Joo £95 g 9 o990 9 ohje0! 9 959!
Model S0 S S S5 S S Js S S g5
type Train&  Check Total Train&  Check Total Train&  Check Total
check check check
Lol 0.388 0.486 0.413 2177 1.553 2.231 1.475 1.246 1.494
ANFIS 1
2 0.988 0.754 0.989 0.058 0.013 0.060 0.240 0.114 0.244
ANFIS 2
3 ]
0.605 -0.538 0.612 1.590 0.243 1.666 1.261 0.493 1.291
ANFIS 3
= b o 0.967 0.198 0.968 0.164 0.078 0.168 0.405 0.279 0.410
S ANFIS 4
- .y
= S e 0.477 -0.057 0.826 5.208 2.410 0.870 2.282 1.552 0.933
ANFIS 5
6 et 0.996 0.964 0.997 0.019 0.008 0.018 0.137 0.092 0.134
ANFIS 6
T e 0.926 0.539 0.975 0.387 0.062 0.132 0.622 0.249 0.363
ANFIS 7
8 et 0.974 0.972 0.983 0.149 0.992 0.107 0.386 0.996 0.327
ANFIS 8
Lol 0.767 0.790 0.776 1.039 0.263 1.059 1.019 0.513 1.029
ANFIS 1
2 ]
0.977 0.924 0.977 0.164 0.034 0.175 0.405 0.184 0.419
ANFIS 2
3 s
0.727 -0.510 0.726 1.185 0.415 1.263 1.089 0.645 1.124
ANFIS 3
< 4o 0.979 0.238 0.979 0.105 0.322 0.109 0.324 0.568 0.330
8 ANFIS 4
£ "
O S e 0.385 -0.470 0.494 2.363 5.616 2.030 1.537 2.370 1.425
ANFIS 5
6 s
0.997 0.996 0.997 0.017 0.011 0.017 0.129 0.105 0.129
ANFIS 6
T e 0.987 0.366 0.989 0.063 0.149 0.060 0.250 0.386 0.246
ANFIS 7
8 s
0.999 0.956 0.999 0.006 0.007 0.007 0.080 0.081 0.082
ANFIS 8

oalal b (63,9 (sla gl (bl p (sis jmw 3Sdas Sy i
plie 28,5 50 (2014) o)lSen g ol gis Lo il |
obomdl L3l o0 sl MAPE 5 RMSE R (sl jasls
(Khoshnevisan et sl cussa 0/200 4 0/029 0/987 sy
Sy il 5148 (2012) )y § oJpob adlllas > .21, 2014C)
ol ol g3 Gl )3 (ol puiS 3,Skes (it
MAE' ;RMSE R pslie Jae cpyigg 5 3,8 oslisiwl (3459

1- Mean absolute error

RMSE 5 MSE R (sl jasls yalis 7 Jous il Mo
e pa kfold gy sl ol IS &y bgsye (aled el sl
=y e ey C-means o, slp 5 0/38 4 0714 0/97 L1,
=l C-means g, cul msly a5 Lok . 0/08 4 0/006 0/99

Db oy
275 sodl y dunlie ayyp (gly a5 tESE g0 5] ams
0/9987 (p-value jlaie 4 59 ol a3 plowl ond (il e 4
slodly (1Sl o Sglis () gxo et 0118 Ly &S 2ol Cawday
Ban b oS gladllas p3.08b o (0205 sodly 5 0l (gjlw Jde
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Fig. 5. Coefficient of determination between predicted and observed GWP for the (a) k-fold and (b) C-means models
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Introduction

Agricultural productions has been identified as a major contributor to atmospheric greenhouse gases (GHG)
on a global scale with about 14% of global net CO, emissions coming from agriculture. Identification and
assessment of environmental impact in the production system will be leading to achieve the goals of sustainable
development, which would be achieved by life cycle assessment. To find the relationship between inputs and
outputs of a production process, artificial intelligence (Al) has drawn more attention rather than mathematical
models to find the relationships between input and output variables by training, and produce results without any
prior assumptions. The aims of this study were to life cycle assessment (LCA) of Alfalfa production flow and
prediction of GWP (global warming potential) per ha produced alfalfa (kg CO, eq.(ha alfalfa)™) with respect to
inputs using ANFIS.

Materials and Methods

The sample size was calculated by using the Cochran method, to be equals 75, then the data were collected
from 75 alfalfa farms in Bukan Township in Western Azerbaijan province using face to face questionnaire
method. Functional unit and system boundary were determined one hectare of alfalfa and the farm gate,
respectively. Inventory data in this study was three parts, included: consumed inputs in the alfalfa production,
farm direct emissions from crop production and indirect emissions related to inputs processing stage. Direct
Emissions from alfalfa cultivation include emissions to air, water and soil from the field. Data for the production
of used inputs and calculation of direct emission were taken from the Ecolnvent®3.0 database available in
simapro8.2.3.0 software and World Food LCA Database (WFLD). Primary data along with calculated direct
emissions were imported into and analyzed with the SimaPro8.2.3.0 software. The impact-evaluation method
used was the CML-IA baseline V3.02 / World 2000. Damage assessment is a relatively new step in impact
assessment. The purpose of damage assessment is to combine a number of impact category indicators into a
damage category (also called area of protection). To assess the damage in this study, IMPACT 2002+ V2.12 /
IMPACT 2002+ method was used. ANFIS is a multilayer feed-forward network which is applying to map an
input space to an output space using a combination of neural network learning algorithms and fuzzy reasoning.
In order to enable a system to deal with cognitive uncertainties in a manner more like humans, neural networks
have been engaged with fuzzy logic, creating a new terminology called ‘‘neuro-fuzzy method. An ANFIS is used
to map input characteristics to input membership functions (MFs), input MF to a set of if-then rules, rules to a set
of output characteristics, output characteristics to output MFs, and the output MFs to a single valued output or a
decision associated with the output. The main restriction of the ANFIS model is related to the number of input
variables. If ANFIS inputs exceed five, the computational time and rule numbers will increase, so ANFIS will
not be able to model output with respect to inputs. In this study, the number of inputs were ten, including
machinery, diesel fuel, nitrogen, phosphate, electricity, water for irrigation, labor, pesticides, Manure and seed
and GWP was as the model output signal. To solve this problem and employ all input variables, we proposed
clustering input parameters to four groups. Correspondingly, the proposed model was developed using seven
ANFIS sub-networks. To obtain the best results several modifications were made in the structure of ANFIS
networks, and some parameters were calculated to compare the results of different models. Making a comparison
between different topologies the employment of some indicators was a pivotal to get a good vision of various the
structures, such as the correlation coefficient (R), Mean Square Error (MSE) and Root Mean Square Error
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(RMSE). In addition, for checking comparison between experimental and modeled data, the t-test was
performed. The null hypothesis was equality of data average. To develop ANFIS models, MATLAB software
(R2015a) was used.

Results and Discussion

Impact categories including Global warming potential (GWP), eutrophication potential (EP), human toxicity
potential (HTP), terrestrial ecotoxicity potential (TEP), oxidant formation potential (OFP), acidification potential
(AP), Abiotic depletion (AD) and Abiotic depletion (fossil fuels) were calculated as 13373 kg CO, eq, 19.78 kg
PO, eq, 2054 kg 1,4-DCB eq, 38.7 kg 1,4-DCB eq, 3.84 kg Ethylene eq, 90.64 kg SO, eq, 0.015 kg Sb eq and
205169 MJ, respectively. The results of damage assessment of alfalfa production revealed that electricity in three
categories, human health damage, climate change and ecosystem quality had maximum role, but in the resources
damage category was the largest share of damage related direct emissions. The value of the climate change was
calculated as 13373 kg CO2 eq. The best structure was including five ANFIS network in the first layer, two
network in the second layer and a network in output layer. Values of R, MSE and RMSE for the final ANFIS in
k-fold model were 0.983, 0.107 and 0.327 and in C-means model were 0.999, 0.007 and 0.082, respectively. The
p-value in t-test was 0.9987 that indicates non-significant difference between the mean of modeling and

experimental data. Coefficient of determination (R?) between actual and predicted GWP based on the best k-fold
and C-means models were 0.994 and 0.99, respectively. The coefficient of determination for these index
demonstrated the suitability of the developed network for prediction of GWP of alfalfa production in the studied
area.

Conclusions

Based on the results of this study, to reduce the emissions, electricity consumption should be reduced.
Adapting of electro pumps power with the well depth and the amount of required water taken for field will be a
possible solution to reduce the use of electricity in order to trigger of electro pumps and thus reducing of
emissions related to it. In some situations, the type of mineral fertilizer is the main determinant of emissions at
the whole farm level and changing the type of fertilizer could significantly reduce the environmental impact.
Comparison of GWP modeling results using two methods of k-fold and C-means revealed that C-means method
has higher accuracy in prediction of GWP. Also the high quantities for the determination coefficient related to
both modeling methods demonstrates high correlation between actual and predicted data.

Keywords: Alfalfa, ANFIS, Bukan township, Electricity, GWP, LCA, Modeling



