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Introduction

According to United Nations reports, the world population will increase from 7.2 billion people to 9.9 billion
people during the years (2016-2050) with 38% growth. With population growth, amount of demand for food
consumption (in order to eliminate malnutrition and demand caused by population growth) will increase by 150 to
170 percent by 2050. Today, one of the problems and threats facing the realization of food security in human
societies is existence of an unusual amount of agricultural product waste.

Every year, about one third and approximately 1.3 billion tons of total food production consumed by humans
with a monetary value of 936 billion dollars, it is lost or wasted, which means that 0.9 million hectares and 306
square kilometers of water required for the production of agricultural products are wasted every year. The presence
of this amount of waste in Iran's agricultural products indicates a significant waste of resources in country, and
management of the country's resources (especially water) according to Iran's climatic situation and forecasting and
drawing the future. It is telling that (resources used in agricultural sector) will soon become an important challenge.
Considering that in country, 93.5% of water resources are used in agriculture, other issues such as pollution of
water reserves, transfer of agricultural water to other sectors and low efficiency of water consumption in
agriculture, increasing demand for water, increasing periods drought, phenomenon of fine dust, human impact on
natural resources, etc. affect the amount of agricultural production.

Subgroups of fruits and vegetables have the largest share in the consumption basket of households, but there
are no specific statistics for recent years about share of consumption per capita of households (separated by
products used) in Iran. It is important to note that the amount of waste generated by consumers varies between 1
kg per household per week and 4.5 kg per person per week, depending on consumer behavior. Given the
significance of agricultural inputs, particularly water, in the production of these agricultural products and their
substantial share in household consumption, this research focuses on the fruit and vegetable subgroups.

Materials and Methods

The case study of this research acknowledges that, in addition to consumers in Mashhad, there is heterogeneity
among retail and wholesale shops, as well as the city's main market squares, each contributing to varying
percentages of agricultural product waste. These differences can fluctuate based on urban areas, necessitating a
model that accounts for the heterogeneity within the studied population. Therefore, the multilevel Bayesian model
was selected as the most appropriate tool, as discussed in the following section on the modeling methodology.
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Results and Discussion

Based on the results in Table (7), the gender variable, with a mean value of 0.8285 for its parameter distribution,
falls within the estimated confidence interval. It is identified as one of the factors influencing the reduction of
waste in fruit and vegetable products. Specifically, being a woman and having women manage household affairs
(compared to men) leads to a reduction in waste. Regarding the education level of consumers, waste from fruit and

vegetable products is significant only in the group with a diploma to bachelor's degree (compared to the group
with education levels below a diploma). The negative sign of the average distribution of its parameter (-1.4599)
indicates that this group produces more waste than those with lower education levels. The variable of household

size also affects the amount of waste from fruit and vegetable products, with a mean parameter distribution of
0.3151. An increase in household size is associated with a reduction in waste. Additionally, the number of people
working in the family (mean parameter distribution = 0.3733) also reduces waste, likely because a higher number
of working family members can lead to increased income, allowing for the purchase of higher-quality products.
The relative price parameter of agricultural products, with a mean parameter distribution of 0.1475, reduces the
waste generated by consumers. As the relative price of agricultural products (e.g., fruits and vegetables)
increases—when consumers compare the value of these products to other goods—they realize that consuming
these products will result in less waste. Similarly, the parameter related to the distribution location of agricultural

products, with a mean parameter distribution of 0.1744, also reduces the waste generated by consumers. This
suggests that the more efficiently agricultural products are distributed, the less waste is produced. Suitable places
for product distribution can give better access and power of choice to consumer, and based on this, consumer can
avoid bulk purchases or worry about running out of products in nearby stores; He avoids and the amount of waste
formed by him decreases. Product parameter (goods or services offered to customer) for agricultural products
(parameter distribution mean = -0.1902) causes an increase in the waste formed in agricultural products by
consumers. In other words, with increase in the supply of products (fruits and vegetables), consumers become
more willing to buy and consume (like consuming a specific product during the supply season), and this causes
increase in number of purchases to affect the amount of waste generated. Parameter of promoting agricultural
products (parameter distribution mean = 0.0683) reduces the waste formed in agricultural products by consumers.
With better introduction of product and advertisements related to the production process until its consumption;
consumer understands the value of the product and tries to reduce its waste.

Conclusion

The research demonstrates that individual and marketing mix factors can effectively reduce waste. Beyond the
importance of each link in the food supply chain, consumer-level interventions using the marketing mix (price,
product, promotion, and location) can contribute to reducing agricultural product waste. Therefore, studying
consumer behavior, considering individual and social characteristics and the influence of the marketing mix,
represents a potentially low-cost solution for minimizing agricultural product waste.
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Table 1- Forecasted demand for fruit and vegetable consumption (million tons)

i-éq‘b) Jl.w dgm0 ubq.)m
Row Year Fruits Vegetables
1 2000 40 70
2 2025 67 142
3 2050 106 180

(Amarasinghe et al., 2007; Gardas et al., 2017)

(303 -c5) IFAA B IFA0 sl )3 (592 plwls (! (o815 O¥gaze g5 oliee @395 -T g
Table 2- Distribution of Khorasan Razavi's crop production in 2016-2019 (tons-percentage)

Jw =l o2 Egooo
Year Watery Waterless Summation
ylado Aoy slado Aoy slado KW 39S 43 A,
Amount  Percentage Amount Percentage Amount Percentage Rank in the country

1398 4588394 6.1 206548 2.7 4794942 5.8 3

1397 5118537 6.9 39590 0.5 5158128 6.4 3

1396 5332458 7 30018 0.5 5362476 6.5 3

1395 5530833 7.4 190692 2.2 5721525 6.9 3

(VF++) 655liS dlaz sloaslol e

Source: (IMAJ, 2021
https://www.maj.ir/page-amar/FA/65/form/pld3354
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Table 3- Distribution of Khorasan Razavi's horticultural production in 2016 - 2019 (tons-percentage)

Jw Gl U el w23 9o al ol 5
. . B ABLED
Year Province Watery Waterless Summation
Amount  Percentage Amount Percentage Amount Percentage Rank in Iran
S92y Ol
1398 Khorasan 1060269 4.8 22697 15 1082965 4.6 6
Razavi
S92y Ol
1397 Khorasan 943373 4.9 17180 1.3 958553 4.7 6
Razavi
S92y Ol
1396 Khorasan 959564.7 - 27586.7 - 987151.3 4.7 7
Razavi
S92y Ol
1395 Khorasan 991845.7 - 14319.5 - 1006165.2 4.8 7
Razavi
.(\\°~ ~) ‘5)')5U;§ JLQ@ L;mels)u o
Source: (IMAJ, 2021)
https://www.maj.ir/page-amar/FA/65/form/pld3354
Slods b YI) ¥ Jguamo Lol eSB ¥ Jolis ob)lib (slaases] 5 ool 0,505 Capin | ol Sen (gelym dite calie 0jg el
(g yito Laasgs 0aBCE DDy dly 1) Fewdd (g o & DAL 4o (Madhani, 2009) ¢l odis il ¥ ob,l5L asue | 65yl
3- Product 1- Convergence

4- Price 2- Marketing Mix Strategy
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Table 4- Food waste created in supply chain and role of marketing mix

b 4E 0 iy (Al 5250 25U asyel
beds Supply chain cycle* a.\w,-fa ud.c () oiansss
Causes Marketing mix Author(s)
R D PP PS Ap Mmentionedineach
cause **

il s e ol (Calvo-Porral et al., 2017; de Lange & Nahman,
SIS % v v v P1 P3 2015; De Steur et al., 2016; Plazzotta et al.,
Surplus production and ’ 2017; Priefer et al., 2016; Richter & Bokelmann,

storage 2016)
JR{EYSRIL PV L4
Jasg Jos v v v v P1,P3 (Calvo-Porral et al., 2917; Corrado et al., 2017;
Inadequacy of Kowalska, 2015; Mena et al., 2014)
transportation systems
(Buzby et al., 2015; Colin, 1990; Corrado et al.,
Sk p Cand v v v v 2017; Kulikovskaja & Aschemann-Witzel, 2017;
Poor packaging P1, P2, P3, P4 Lebersorger & Schneider, 2014; Mena et al.,
2014; Parfitt et al., 2010; Priefer et al., 2016)
e id r
B TR 5 89 v (Calvo-Porral et al., 2017; De Steur et al., 2016;
Poor processing and P1,P3 Mena et al., 2014)
storage ’
N ol .<.|
0P iz 2 ol v v P1, P2, P4 (Mena et al., 2014)
Labeling error
0 “ 8o
. Ak b 4 P1, P2, P3 (Mena et al., 2014)
Distance traveled

* AP = Agricultural Production; PS = Post-harvest Handling and Storage; PP = Processing and Packaging; D = Distribution; R =

)‘ ML_M.\_M))J OY dlaws o )-Q‘—M’ )1.30)5 9 0ga0 O\_J}5)§o.>)$

Retail and Wholesale)
** P1= Product, P2= Price, P3= P[ace, P4= Promotion
Gaaos glaaily (sl
Source: research findings
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Table 5- Important variables affect on agricultural products

e pU (&) oiwmsi
Variables Author(s)
> ¢y (Di Talia et al., 2019; Gaiani et al., 2018; McCarthy & Liu, 2017;
Age, gender Morone et al., 2018; Soma, 2020)
ol (Di Talia et al., 2019; Gaiani et al., 2018; McCarthy & Liu, 2017;
Income Soma, 2020)
Sl jaw 9 oga0 10,5 (6l Alialo Lol yd oy o
Monthly income percentage for buying fruits and (Di Talia et al., 2019)
vegetables
IMEPSIRY| . . .
Saticiall (Di Talia et al., 2019; Falasconi et al., 2019; Soma, 2020)
Household size
A5 ol das i (Di Talia et al., 2019; Gaiani et al., 2018)
Occupation, number of purchases
Jpamo dzjm (R Conal wilglls > 5258 il (McCarthy & Liu, 2017)
Having a child in the family, importance of product cost ’
EMpass e

. (Gaiani et al., 2018; Morone et al., 2018; Soma, 2020)
Education level

Head of household education level
Wluls ol 5l jily (28T e Jpame Sluls (5o je0 4 cole
R e 4 )5 ) Sl oolitd (Di Talia et al., 2019)
Habit of throwing away food waste, waste reduction
awareness, using a shopping list

(Morone et al., 2018)

suis agl claal sisle
Source: research findings
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Figure 2- Questionnaire percentage in different areas of Mashhad city (13 areas)
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45 8 sy oS el gy S U e Jels -
Glate glaodly Julow (gly (odasio slo ybg) SedS Julos
(Bolstad & Curran, 2004) >,l> 54>

@ de godal e (oS dn (lp (g Sim B9 2 -
9] Cewd 4 (6yle] SIS Jlows 3 a8 Jls 3 s o cind
(Bolstad & Curran, 2004) cusl )lgbd jluw (js o

Y oy asgezme 5 0 yiol)ly Jloisl il Jde (sly s 5595
il g 18 1y (V) bty

r(y19)p(6)
p(Bly) === ¥)
p(y)

bl S Jloinl @i Glgis (b onl 5l oslil b as
by sl |y ©slite (i p3lde 35 P(OY) 25 e
(McElreath, 2018) sa5 o Hlis Jae g bodls 4 bgyuie

2 e Yoame LaJos opl Uoily (sly ooie slacSuss
Saseei Ly S (JPpasa) Saisad 3,50, jl Lagis,
(Browne, 2009) .55 se o3kl ! Seileen

Gl Y piie Tae 1 2ye S e (oawdis Jdo o yosls
LsJ)L.C 4.0, 2929 C.la_w » sloacl d])’. geves) o5l "j D as

Laylyy & yguody Hlg5 oo ol (i Jdo - (B) Al ails
{Cubillos et al., 2021, ) 2,5 -l ;

yij ~ Exponential(4;;) (¥)
log(Aij) = Boj + B1Xij (®)
.80]' ~ N(po, 09) *)

5- A multilevel Bayesian framework for predicting
municipal waste generation rates

6- Markov Chain Monte Carlo (MCMC)

7- methods

8- Gibbs sampler approach or a Hamiltonian sampler

9- varying intercept model

2,5 daeyd i S5 4 Gle e 1y (g5ksNl
Vi = XijiB + Wy +Viy + wjp + v + e (V)

"j )0 LY
Pijk = Pr(Yijx)
m1l
1
eijx = Ze\ijszij)k
=0
m2
2
Uik = Zuujkzﬁﬂ)c
=0
m3
Vg = ZU kZ\S?
=0
Z,=1 Z,=1{1
alp by S sl bx 0 {} ol 0 {} 9

siigshe Glagule cgipas 35 V g W X cpioan
(oo o QBN B mas) Jgl o (sl Pty sl st
OMee) pows o 9 (3o 9 ogse (B9 )9035 (slaojlin) pgd pdas
by b jBlie ol 57 5 O < B g (1o ol sl
sl 1=1,2,3,...,367 5o dla 4 i wn
slojlie slaws J=1,2,3,...,53 cpie o B0 B, in0
ol gl e sl K=1,2,3 5 )loy5 5 050 (39,8035
Ols 9 5920y Sl s ke ciia 1,2,3 o o o spe
(o 11 5l 35 iz oS adgl a0l o 4
(Jsl o) Sotio e (RSB pms (slagealy (e "y (90
Masood & Reidpath, 2016; Mulder & ) 3,8 1,3 1l 3,0
(Fox, 2019

P pyg &S cwl (Deff) ¥ slib gl (as s Sy jasls
88 o (5 pSo3lusl oabplonl (sanas sy 1) Tlad gl (sl s
o8 Al (ol Lt (gl (iS04l 4 el
(Lai & Kwok, g3 o0 Ta8,5 |15 395 ooli ol oo i
2015)

Deff Index =1+ (n—1)ICC (v)

ol e Ll jasl i cpl slp ¥ ooae (sYL polie ;\‘[9‘”‘"
Cuwl 0d s QbS] w4y (e wiin (gilw Jio &S ]
{Cubillos et al., 2021; Lai & Kwok, 2015)

1- Intra-level-unit correlation (I11C)

2- Design Effect Index (Deff)

3- the inflation in variability of the estimates

4- often used as a rule of thumb to indicate whether
multilevel structures should be used
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Figure 3- The percentage of waste formed in the subgroup of raw fruits and vegetables (dependent variable)

Source: research findings

lp a3 lels aslale sl ol i
= ol @35 Soka) Ggeba A B (el 09,8 L (sl lgils
(IEVE = 2ol a5 5slee) (ssee VY LA s o~ /YA
Ao (FIWVAY = 2l 5 5eas) e Yo 5O 0
& Coud Ol jew g oge0 Y g e (gl sddolo] Gluls
20,8 o yi iy fleg ygden ¥ 5l keS8 L;.xai): 095 L slalgls
2 oleg grkee Vo Ul lgls oy o (a3l b 505 5yl
g Ol e g 0900 Y guame Gluls LS 4 bled b
(oo )3 (logi cyselen ¥ 51 208 2aT,0 b (sl I &y ) 23,5 0
oo Yo 5l it 205 L (sla)lgls (gl (b 1zl sl
g doly> SRl (-¥ ¥ = el g 0eSile) ol 53 logs
a8 20,5 o Gl w5 0gs0 WY 5 _ae lp Gl s sl
kg Ol yd g CatS b Y s ae jl odlaiwl Cga 4 Mlg o
bl

Y g o by 5 Sy 4y dtin )0 daslye Clelw dlis yuxio
Slals do)d p (FIYAVY = bl @i (1Sibe) 5jpgliS
Y L)"‘ 9 Cl Al u.o.m ).s‘ ulfx,fd)_,m Ja_wy o.\.pr.c]
Olise §0bu w9 o900 Y g a1y 5 Slelw &S il ze
e il 1l o il o)l g oo s S5 Sluls
Yy ave by ili8l el s glpea 50, o cilelw
Ol crge 5 A o it ) )5 ot 5 g2
DS o Jie > wlyls

3.0 gbvaisl, sl

odubabol Ol ls culf.)w.{d).am EMsas C.E.w preos d‘);
w_m)) qumJ 1 [V‘L‘i') bﬁ)f 2 TB)..a ul}uH 9 0ga0 UYW
CoMe a5 o g5 b g 0359 ,l35 31 (ohsd U M xda i 095 &
onl & aedge Lt (VF0R) ol by @b Sl (e
05l 93y (oo oMo S o Mg (g b Sl s o8l 5l aws
45@5)5)| O C.la_w u,u;l)B‘ L 4\5.)&5.)@ O LS cuL.m]ol
UI)“" ‘WL_M{J U ol 05)54{ Cwl Wl U UL_M.A)'L__AM
Sb o il clels

Gloy o g 0500 WY guame Gluls e gl o5l pxie
9 3% A iy 5 (1910 = gally 555 (Solie) 0392 IS 5]
Sl eomed .l 003 5 Gluls ol coge lgils ol
e (SYVYY = bl mjg (%le) odlgls )3 )8 4 oo
o) 9 Gl ouid Gl jeas 5 0gm0 GV guae Glulis e ials
aodlgls 1o )8 (g5 dlaar Liul38l b aS” il Jbls ol 4 Wlgs e
S Ol b Yy ame g 0 1ui Kl e el e liee
235 Gl B e

Osbe) sie)lS” Ja b a1yl 09,5 (sl B3l i g5 pusie
Slauls ol Jelie 0,5 sbl 4 cas (/¥ V8 = jalb w55
Jeliio 09,5 31,81 4y o (=+/+OVA = il )l w1595 (ko) lao
Cdo )_,] d))9l..w§ D.Lwd).a.a.o u\/}‘a}w Olwls uw‘)ﬁl ‘Jl)
09)5 4 Cums 35y plaw Jelido (sl)> 09,5 )55 oyl 4 9 35,0
AS o M3 6y luls ol Jelie (ol



1PF Hle ) oslods 1R als 65yl amwgi g olasdl 4y s VY

4 52l 5 ool (o jiaod (Sloj 0 )3 0SB puno 93,55 o0 o0
Yo avo duyd S e el A PeSE cplpln )b s
g bl (s yisd Sl ) yaio g (6390 38 Sl G381
g Gl Slald g oysl o olyem 41y (113 oo s gy

23 SilaS S gaze b3 5950 gl ) alols juste

Ol b 5wl HA5 51 Clony juw g 00 WY guaze Cilyls ials
e Bl o o ol S (0 I (RIS Clulis (e calols
P sy G g pasie loj (3 peluais] & sl LI
@ f(alold blad 4 a1 50 oyl 4 dpS s Latia Jsbo

5 S5 Niged g 3t~ il g9 0 b (2 5 (i GgmwyS ) =T Jga

Table 6- Bayesian multilevel regression by Metropolis-Hastings and Gibbs sampling

MCMC iterations 12,500
Burn-in 2,500
MCMC sample size 10,000
Pk e 0.7586
Acceptance rate
8l
e 0.0024
Minimum
e 0.5714
Average
:S1
A 0.8199
Maximum
Je| 3yl clas
o e Sle “T’i:l ) . < o 2034 lisabsl ol
Variables Mean 2 P g Median [95% Cred. Interval]
Std. Dev. MCSE
S 8285 07943 0047 3063 -5474 1.1422
Gender
Mo laws -1.4599" .0967 .0062 -1.3347 -2.3931 -.2978
Education level .0758" .1010 .0062 .0313 -1.1021 1.1691
15 o5l
Iy eI .3151" .03186 .0019 .2180 -.1289 5580
Household size
5.519515 LR J?‘“‘“" o8l slass
Number of emp|0yed persons in 3733* .03998 .0025 2455 -.2171 7041
family
Jas g9 -0.3076" 0.4404 0.0052 -0.3144 -1.1364 0.5578
Occupation (Job) Type -0.0538" 0.5073 0.0059 -0.0568 -1.0451 0.9519
] -7917" 16273 .0110 -.8041 -1.1107 -.4728
S ESRWN -.3414" .1590 .0097 .0099 -.6532 -.0297
Household income -.17826" 1542 .009 -.0778 -.4805 12404
.3036" 1618 0102 7822 -.0136 62090
Y gasee 4y 5 Caa didd ) Celw e
Silas -.2871" .0303 .0019 -.1514 -.3467 -.2276
Spend time to buy agricultural
products (hours per week= h/w)
Y g 5 39 50 (gl U (o 5 alols
$5r9LiS .00007" .00005 3.6e-06 .00001 -.00003 .0001
Distance (to first agricultural
products shopping center)
LS ey e s IS 1.3417" 4155 .0255 1.6919 5272 2.1563
29 FaTE Y 5 > 07 1.3438" 1312 .0084 9915 -.5027 2.4547
Place of purchase (or distribution 1.0423" 1432 .0093 1.3018 7615 1.3231
place of agricultural products) 2.4510" 1704 0107 3.1333 1.3491 4.9447

1- Monte Carlo standard error
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Vehicles type

oS ey s .
509 FAZE (g0 So? 1475 03315

price of agricultural products
SipgliS SN pame @98 Gl

Place of agricultural products 1744 .0305

distribution
&y9uiS OV guame Wg5 a5l 8

Product (Agricultural production -.1902" .0306

process)
SipgliS Y game (Byro g gy

Promotion (Promote and .0683" .0314

introduce agricultural products)

T 5l 5
o) o -.4370" 4482

Constant

.2305" 0412

.0027 .3570 -.1162 .8283
.0059 -.1324 -1.0424 .7589
.0020 .1563 .0825 2125
.0022 -.0019 -.3411 3215
.0020 -.1695 -.2503 -.1301
.0021 -.0600 -.4164 .2915
.0252 .8533 -3.2406 4.9188
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