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Introduction

With the growing population of the world, water, food and energy supply will be one of the most important
challenges ahead. Agriculture as the most important food producer is not only the consumer of water and energy,
but also the most important supplier of energy. As a result, a balance must be struck between harvesting and
exploitation of production resources and the amount of agricultural production. Due to the close relationship
between water-food-energy systems and also their interaction with each other, a new concept called the “nexus”
approach has been proposed which refers to the integrated nature and interactions of water-food-energy planning.
This approach has provided suitable options for political decision makers, managers and planners in order to
conserve existing resources and achieve sustainable development.

Material and Methods

In this study, we have tried to introduce a mathematical programming model using multi-objective
mathematical programming (MOP) technique for water-food-energy nexus that has the ability to process
managerial decisions. In this model, in addition to examining the economic aspect, the control of greenhouse gas
emissions has also been investigated. The regions of Mashhad, Chenaran and Torgabeh-Shandiz are the most
important regions in the study area of Mashhad province in the production of crops. The data required for the study
were collected through review of reports and agricultural statistical yearbooks of the year 2020-2021 and
interviews with experts in each region and through consulting engineering companies. The hypothetical model
under study includes lands covered by crops of Mashhad, Chenaran and Torgabeh-Shandiz. In this model, the
water needed to irrigate crops is supplied from surface and groundwater sources. Electricity (electricity
consumption) is used to collect and pump of irrigation water, produce food, and supply the domestic and industrial
sectors. In the process of generating electricity, production of food, irrigation of crops and consumption of
fertilizers and pesticides, greenhouse gases are emitted, especially CO2. In this study, 6 objectives including:
maximizing gross profit, maximizing the production of calories from food, minimizing emission of greenhouse
gases, minimizing consumption of fertilizers and pesticides, minimizing consumption of irrigation water, and
minimizing consumption of energy have been pursued.
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Results and Discussion

The results of the proposed model showed that the rate of change in the level of cultivation area in MOP
compared to the current cultivation pattern in Mashhad, Chenaran and Torgabeh-Shandiz decreased by 25.92%,
53.05% and 55.88%, respectively. The level of optimal cultivation for barley in Mashhad in order to maximize net
profit objective increased by 16934 hectares (46.71%) and its maximizing caloric production equal to 8484 ha,
which has decreased compared to the current pattern (22%). The cultivation area of barley in minimum irrigation
water consumption decreased by 10877 hectares (1.11%) and in other minimization objectives it changed to 12892
hectares which increased by 17% in Mashhad region. Wheat, barley, alfalfa, corn, sugar beet, tomato and potato
have the highest decrease in cultivation area in the MOP among crops. The total area of optimal cultivation in the
net profit maximization model of Mashhad, Chenaran and Torgabeh-Shandiz equal to 48639, 26027 and 75
hectares, which showed an increase of 41.4%, 11.61% and 55.8%, respectively. Furthermore, in the model aimed
at minimizing energy, irrigation water, fertilizer, pesticide consumption, and greenhouse gas emissions, the
recommended cultivation areas are as follows: 25,475 hectares for energy consumption, 15,954 hectares for
irrigation water consumption, and 100 hectares each for fertilizer consumption, pesticide consumption, and
greenhouse gas emissions. These figures clearly indicate the need to reduce the cultivation area dedicated to
agricultural products that have a significant environmental impact. Consequently, it is crucial to alter the
cultivation pattern and adopt a strategy that focuses on producing crops with a lower environmental impact. By
implementing this strategy, the objective is to cultivate crops that require less energy, irrigation water, fertilizer,
and pesticides, while also minimizing greenhouse gas emissions. This approach aims to mitigate the environmental
footprint associated with agricultural practices. By reducing the cultivation area for crops that have high
environmental effects and transitioning towards crops that have a lesser impact on the environment, it is possible
to achieve a more sustainable and environmentally friendly agricultural system.

Conclusion

The purpose of this study was to propose a nonlinear multi-objective mathematical programming model with
water-food-energy nexus approach for crops in Mashhad province. In this study, in addition to economic relations,
energy and environmental issues (greenhouse gas emissions) were also analyzed. The various components of the
water-food-energy nexus, including energy supply planning, water supply and demand, food production, and
control of greenhouse gas emissions, were modeled. The results showed that considering the MOP model based
on economic and environmental objectives, the area under cultivation of wheat, barley, alfalfa, tomatoes, sugar
beets and potatoes has significantly decreased. In other words, in order to achieve the objectives of maximum
profit and minimum environmental impact, the area under wheat, barley, tomato, corn should be reduced and the
area under cucumber, onion, potato and sugar beet should be increased. According to the results of this study, the
following suggestions are presented:

- Implementation of the proposed optimal model of water-food-energy nexus allows farmers to simultaneously
maintain economic income, environmental considerations, optimal and sustainable consumption of resources
(water-food-energy) to select and consider suitable policies. So, it will only be a sustainable policy if it can be built
within the combined framework of water, food, energy and the environment.

- In order to minimize the emission of greenhouse gases and its damage to the environment, the area under
cultivation of agricultural products that have high environmental impact should be reduced, and in contrast to
changes in cultivation pattern, the strategy to produce crops with less impact. Therefore, by developing a cropping
pattern model, the productivity of the production capacities of the agricultural sector can be maximized and at the
same time the damages and destructive consequences of crop production can be reduced.

Keywords: Agricultural planning, Multi-objective nonlinear programming, Water-food-energy nexus
modeling
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Table 1- List of symbols used in the model to define sets, variables and parameters

T ol T ol
Description Index Description Index
oy Y game ggome Ke{)..a} Sble ggome le{yvr}
Total crops Total Areas
dilaie o 5 Jpame o gly Fho 3L e 3ysliS AL S (gil S Tas Coan
(S /o y20) Ep_Py, The goal is to maximize the gross profit of Obj1Profit V
Effective precipitation amount for farmers
subarea (m3/ha)
dahais o Y guases 3)Slos e o . .
) ) Sl a8 Lol o 5lw J8lus Caun ,
Production yield Y_Py . . o8 . 0bj2 C0O2_V
. Minimize greenhouse gas emissions
of each region
2ly Sy Gpan | ol 015 g5 (5531 olme
. k_)T 3 3 "‘ g
=hy SVgaxs | s (S il le San ,
The Amount of Energy Produced From En_Py Minimize water consumption Obj4 Wat V
the Consumption of one unit of weight
of Crops
Skl dlf s glacl I gyl ey 4 je i e (s Jila G
“dlato o (£l)j Y g Csw_Py, Minimize Energy consumption Obj5Energy Elec.V
Cost of exploiting surface water for
irrigation for crops in each region
s oo 1 o)l . .
I - 1383190 5l 6 )8 05 (g5l ST j i
Surface water utilization coefficient Ucsw_P; 33l 5 ) g il Sl S 0bj6 Coleri V
Maximize calorie production from food
Sl sy anips BT Sl (5l 00 3o
adbaio o ol)) Y gare 4l 0 9955 o Span gilofili> San
The cost of using groundwater for CGw_Py, Minimize fertilizers and pesticides Obj3 FP_V
irrigation for crops in each area consumption
/o3 365" 51 oolazel ) - Lt Co p ;
) ’5’( ;#é O e dibaio o ] lio (gl ok o3l yapass (5] o
I3 " 02
- L celw .ol
Carbon emission coefficient in the use Cef_pP (Slo .y 5k5) Eaw_V;
of fertilizers (kg / Coz kg) The amount of energy allocated to water
resources in each area (kWh)
> g jledlital 3 )8 lal oy 5 Sge 5355 5 3 (sl o 030> Lanad e (g5, ke
(5 [C02p 55LS) (sl .y 5LS) dtlain o ol
Carbon emission coefficient in the use Ced_P Amount of energy allocated for food Eaf_V;
of diesel fuel (kg / co2 liters) production and processing in each region
(kWh)
Sk slads, Sl el )3 ) lil o o Sgo W55 lp wois S anass Lalls jlade
(P55 1C02p 5 5LS) (55,518 (oSo o) dilato yo (ol)5 Y guarme & 2liE
Carbon emission coefficient in the use Ceaf_P Net amount of groundwater allocation for Gwf Vi
of agricultural nylon rolls (kg / Coz kg) food production to crops in each area (cubic
meters)
ol &85 poows jl odlatwl jd (S Ll (s 5 sl (e sool parads pall e
S ICO2s 54 (oo o i whielse
(p55s P55 Cep_P Net allocation of surface water for food Swf Vik

Carbon emission coefficient in the use
of pesticides (kg / Coz kg)

production to crops in each region (cubic
meters)
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218 Sge 63918 sl B 3l oS il oy

(celo .y 5LS [CO2p ,55LS)
Carbon emission coefficient from
electricity for food processing (kg / Co2
kWh)

Ly 5hS) addate b LS )3 (Bpas 3yl
(kS fee b
Amount of electricity consumed per
hectare per area (kWh / hectare)

2y 5S) T it dy 5550 o yis BB ko
(celw

Available amount of energy for zone i
(kwh)

(P oS /b)) Jypamma (9% Cand
The selling price of the product
(Rial/Kg)

Sl slooggy jlond asye
Water supplied from water supply
projects

Jya}m le){ adlais o dLoLa; )Afl.\>
Max demand of each region for the
product

Jgaze (gly adlio glola J8las
Min demand of each region for the
product

iy S 3l gyl ey ey
Groundwater utilization coefficient

<l g Jsl yglaes sl (Span 5 slodisjo
ddlais jo
Electricity costs for water collection
and transmission in each area

2 @i dlge (5918 sl By Bpae sladiyja
s

Electricity consumption costs for food
processing in each region

Gly oly 2 (il 408 Brpns cladiy o
dibio o ol); Y paxe
Fertilizer consumption costs per unit
for crops in each region
Aﬁ.‘a_uc).b)‘.& » ul&j éé) P oo d)..a.o )IAEA
(e /S 5ks)

Amount of pesticides per hectare (kg /
ha)

Cefp_P

Eu_Pig

Ea_P,-

Price_py

SWS_PL'

Deman_P}**

Deman_P}™

Ucgw_P;

Ceuw_P;

Ceuf _P;

Cf _Py

Pu_PL-k

‘5‘){ L;%]a.w d[{bu] LY ol 031y UAMADU Lé)f )‘Jﬁn
(celo .l okS) adlais o £l); OY guazo
Amount of electricity allocated to surface
water for crops in each area (kWh)

Y gaze Sl o ol gl gl sy 5y e
(ol ey 5LS) atlate o 51
Amount of electricity for groundwater
extraction for crops in each area (kwWh)

ol 5 i dlge gl (o 3 Jude
(celo .l okS) adlais o £l); OV guamo
Amount of electricity consumed for food

production and processing of crops in each
region (kWh)

()L‘S_{a) adlais yo ) u_cl))‘ ﬁ;\l‘}m
Cultivated area allocated for food production
to crops of each region (hectares)

dilaio » d)'”Li'S u_'xla..a L;LmT:T )'l d)b)%")-@d Cons
Ratio utilization ratio of agricultural surface
waters in each region

dilato o (65)5LS (o005 Sl (6310 e
Agricultural groundwater utilization ratio of
each region
(S /o) diaio yo )5 Y oo 5l
Water requirement of crops in each region
(cubic meters / hectare)

2 =l OV game 4 odd 0dld janass ey Jlas
(iSe) ailaie
Minimum land allocated to crops in each
area (hectares)

(o) adlaie > oly; CY quaze (gly (po; yiSlas
Maximum land for crops in area (h)

Y g HliSa )3 GBI @b pgew L pas sladl
adbaie yo ol);

Costs of pesticides per hectare of crops in
each region

Esw_Vj,

Egw_Viy,

Efp_Vix

AV

Pasw_P;

Pagw_P;

Wr_P ik

min
A ik

A max

ik

Cp_Py
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lp55hS) 519LS (S9hl slady) Byane i
(s

sl 15y (il 4 6,588 SV le Sliles ajn
adlaio » u_d))‘ QYM

Af_PL‘ Cam_Pik
Consumption of agricultural nylon rolls Cost of operating agricultural machinery per
(kg / ha) unit for crops in Area
) dilaio yo o )3 Jppd G Cpe ke
Diesel fuel (’t? hect Dap, Y guases LS 55 (6508 Sgbl slay) auje
iesel fuel consumption per hectare per
P P (B 1) o) 215
(liters / hectare) Cost of agricultural_ nyI(_)n rolls per hectare of Caf_Py
crops (million rials / hectare)
Cost_pix
(S 1) ogele) s JS
Total Costs (Milio Rial/ha)
le55k8) ol slp g 3 08 Uil o o o] Shey 1519 4o clil 4 (Brme Gy e
(el g gl CO2 (o fie s lgoleS) dilaia o >
Carbon emission coefficient from Cei P Electricity consumption per unit of surface Eusw_P;
electricity for irrigation (kg / co2 kWh) water pumping in each area (kWh / cubic
meter)
. . ee - ol Jlascil so Il 4 8 500 Ol
Lie o 3 S35 g Coniar it (e 55, slecl J 92 Sl rae 5 i
el (ceSheyio [cbo ClgolS) adlaio po )3 (funj
(el oy 5b5) Ecil_P, e , Eugw_P,
Energy consumption of industry and - The amount of electrlc_lty gonsumed per unit -
home sector in each region (KWh) of groundwater extraction in each area (kWh
g / cubic meter)
slp 218 dlge g5 sy o (il 4 (e G Ol
(oo o) dlaio yo (xaw ol (yels (PSS [eelw clggls) adlain o 3 (ol)j OV gares
Surfacewater supply in each area (cubic sws_P; Electricity consumption per unit of food Eufp_Py
meters) production for crops in each region (kWh /
- I kg)
e St Soge & ey Sl (300l
(cao y20) adlaio yo (S ] p)S5ks) aidate o LS )3 395 Spas ojee
Groundwater supply in the form of Gws_P; Fertilizer consumption per hectare per area Fu_Py,

groundwater pumping in each area
(cubic meters)

(kg / hectare)

[l o 3los IV g gzl )b sles P) L pimgs (slaadl xie
Source: Research Findings. (P: parameter symbol and V: variable symbol).

el (550 e —Of Cran 3,509, 3 4yl 43 a2 Ly
Ol gad o0 w2 (e G g slaka] (golatdl il
g5l 13E —ol Sl a4 05 b addlas ol (5l e
cledy g s o Jolds 3 1y Fglate lual )] Calisee (claass
Sy coglaze Claal ol o inlyas sa b eolar wl Jao j> Cillasl
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(Mo lietal., 2019) cusl osis Lo & Y Yol

Max: Obj1Profit V =

i1 [(Price—pk Yh=1Y_ Py A Vy) —

Sy (s ys danns Jio premal b ysie ewld cpl b
0 033 L ass (65,3l e z ol (65l —Iie 0l o
abaly Sl oS (celis —lehS) adlato yo ,> Ol Jlaswl ¢l
o8 5 255 Sl 535 o> B oo el (T =555)
1y (15 = g5) dlal o (sl —lol) aibate o, licolye
iy 9 e slac] parass jals i WS o oy
Fo Ogee) adlato po (ol OV gaze 4 (S Slge g sl
e Gy IS e wo il (i —) ala, LSl (caSe
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Eaw_V; + Eaf V; < Ea_P; — Ecil_Py, V; )
5 &g amo dob ly (e o] jaass i

sl (Sl pl (slofay )b jlond adye Ol 5l iy Wl ddlaie

ol 3l (65l sloefayy 5 ol 03D 09y ol JLiml oy

2,0 3959 Vo dolee )d Codgime

M<SW§P Pasw_P; V; (V)

Ucsw_P;
dib e ol Shes oliee 5l i LS ddlaie &Yy ae
(VY doleo)

M< Gws_P,. Pagw_P; v;
Ucgw_P;
()

2 Jyae o &y e (Sl g a8l papass Ol Jlais
(VY Whslas) b ool 1y 23 Blge adgi (el T 5L b adlaie
Swf Vi + Gwf_Viy + (Ep_Pi. A_Vy) =2
Wr Py A Vy v, (VY)
Y g imme dod (gl S BB yoj JBlis 5 S ls liee
Do o Oy WY dolee jqods
AP < AV, < APRX Vi k
(%)
Lol Sl o Slis e 1l Joame o g o5
2,03 3939V0 ¢ V¥ ablre yd Codgiaze ol S lag Blysul
I AV .Y_Py < Deman_PY™ v, i (V¥)
!_1AVy .Y_Py = Demand_P{™ V., i (V)

35 0y90 JBlas G Jlosl b VD abslee 48 295 dn g8

2 ogMe 00 iyl Cuwl U (pli Cuel con o (Y guazs

aolee) (o€ lgo B yime 3k 5l I g (g5l iSls Gua
ol 0dds ad by olie Cotel gadge i jo dolre cpl > (£

V8 doleo O ygody Jdo (sl jusio o pf dsgasro Colpd )

Db se O
SWf_Vik =0 Vl-, k
GWf_Vik >0 Vi' k
AV >0 v, k
ESW_Vl‘k =0 Vi,k
EgW_Vik >0 Vi,k
EfW_Vik =0 Vl-, k
EaW_Vi >0 Vi,k
Eaf V;20  Vk (%)
dalllns ) 9o dilais

Jlad 13 9 pofoyd 5ol ddg e )3 g Slalllas 039a5x0
Folbagdo Ve 5 a0 OA Jobay 0350w 1 g9y Sl B bl
YEU aLid ¥e 9 dad Y0 oldlyas oy g (Byud addd A g an

<Csw_Pik.( K M)+

k=1 Ucsw_P
Gwf
CGW_Py,. (Zk ) chwv”‘) + (Ceuw_P,(TX_, Esw_y, +

EgW—Vik) + Ceuf—Pi(Zk=1 Efp—Vik) + Zlk(=1 Cf—Pik +
CP_p; + Cam_Pik) + (Cost_py, +

Caf_Py). (ZI;<{=1A—Vik)>] (V)
Min: 0bj2 CO2_V =
Iy (Ced p. Dupy B A Vi +
Ceaf p.Af P, YK_A_Vy +
Cep_p. Pu_pik YK LA Vi +
Cei_p. Eu_py Y1 A_Vy + Cefp_p. Xi—1 Efp Vi +
Cef p.Fu_py. Tho1 A_Va)

(v)
Min: Obj3 FP_V = Zﬁzl(Fu_pik Zlk(=1 A_Vy +
Pu_pye Y1 A_Vi ) (v)
Min: Obja Wat .V = Yi_, TX_ ((Swf_vy/
Ucsw_p;) + (Gwf_vy /Ucgw_ pl-)) (¥)
Min: Obj5Energy Elec.V = Y!_,(Eaw_V; +
Eaf_V;) (@)
Max: 0bj6 Coleri_ V =
Yic1(En_Pp.Y_Py Y1 A_Viy) %)

Gglate Bua din (18,5 a5 > b D Blaal s asg b
(MOP) dbamir (32)a0b 2 S B 1 (g5lusgSI G &y ot
oyl jlalial 0,8 wilxie (gl bl adllas (3 35 B 0

ldlas jl a8 Sy daduassis s e opdaaly Juo IS
Buysse et al., 2007; Mardani Najafabadi et al., 2019;
ol 005 o3lazwl (Marzban et al., 2020)
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Figure 1- Mashhad study area, cities, urban and rural centers
Source: (water book of Khorasan Razavi province., 2016)
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Table 2- List of basic crop data

- b ~ A o
My o e 355 ’/ ) o LB 5L / “i:” “;”’ )
. i ) O
S S JeSS) (ks e,Feks) t;@ (LS /canSn 520) w‘:”‘s
Product (55) (- Fertilizer (5 ) Gross water G .
Calories  Pesticides  consumption (tons zqf?'k} requirement Electrlc?y
. / ha on MCM / ha consumption
(Kilo) (Kg/ ha) ) ha) ( ) (kw.hv ha)
P 3500 1/391 392 ) 6644 2969
Wheat
# 3890 0/962 364 3/6 5577 2492
Barley
o 460 4138 572 35 20266 9057
SugarBeet
e 400 418 606 50 1511 6842
Onion
) e 770 3/64 706 35 19600 8759
Potato
AT 2/97 641 40 18022 8054
Tomato
Nits 230 0/957 253 11 18511 8272
Alfalfa
< 860 2113 543 55 13600 6078
Maize
Ls
* 120 4/18 456 25 13111 5859
Cucumber

WA (g0 ol (65y0liS Do (ylojlo tpuio
Source: Khorasan Razavi Agricultural Jihad Organization, 2019-2020.
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Table 3- Cultivation area of agricultural products inMashhad-Chenaran plain (ha)

L s Y gz &l & Slas PSlas SLiss! J8las B pan Jilas WEIRES Jilas FEREXTN oy
Cities Products Current oA dgu Wy P PHES Ty &5 —oldpan 9w Bpan MOP Ol s
Max Profit S Min greenhouse Minenergy (W] 35 Percentage
13 - G So £ ch
Max gas emissions consumption ot S Min of of changes
Calories irrigation pesticides
and
fertilizers
rﬁ-‘f
Wheat 11500 16873 16873 4619 4619 4619 4619 4619 -60
oS
Barley 11000 16934 8484 12892 12892 10877 12892 12892 17
SugarBeet 560 687 687 333 333 333 333 333 41
e e
Mashhad Onion 890 1106 1106 605 605 605 605 605 -32
Potato 90 110 110 55 55 55 55 55 -39
EItEE
Tomato 3100 3850 1689 1689 1689 1689 1689 1689 -46
Alfalfa 3650 4716 1460 1460 1460 1460 1460 1460 -60
&y
Maize 2700 3259 3259 3101 3101 3101 1717 3101 15
PLe
Cucumber 900 1103 721 721 721 721 721 721 -20
& 34390 48639 34390 25450 25475 23460 24092 25475 -25.92
Total
P.l:nf
Wheat 10700 13576 13064 4296 4296 4296 4296 4296 -60
o
Barley 10200 4803 9442 4803 4803 6933 4803 4803 -53
SugarBeet 1825 2238 1706 1149 1149 1149 1149 1149 -37
ol e
Chenaran Onion 251 310 310 174 174 174 174 174 -30
Potato 230 281 281 143 143 143 143 143 -38
S S
Tomato 2765 3416 1862 1862 1862 1862 1862 1862 -33
Aoy
Alfalfa 1730 692 692 692 692 692 692 692 -60
&y
Maize 1730 692 2076 692 692 692 2076 692 -60
Pl
Cucumber 15 19 12 12 12 12 12 12 -19
& 29446 26027 29446 13823 13823 15954 15207 13823 -53.05
Total
pus 54 67 22 22 22 22 22 22 -60
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Wheat
=
Barley 61 26 47 26 26 47 26 -57
sli-as b i
Torghabe- Onion
Shandiz 8 10 6 6 6 6 6 -31
Potato 3 4 2 2 2 2 2 -42
EUtEE
Tomato 4 5 2 2 2 2 2 -41
g
Alfalfa 5 2 2 2 2 2 2 -60
&y
Maize 30 12 36 12 12 36 12 -60
Pl
Cucumber 5 6 4 4 4 4 4 -18
o 170 75 100 100 75 75 100 75 -55.88
Total

saiod claanl sl
Source: Research findings
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Table 4- Important variables proposed by crops in the water-food-energy correlation approach

1 yuiie . . il —ad
Vari;lbles . olte )'-I"or haber)f o
Mashhad Chenaran ghab Total
Shandiz
22 =l e¥gans o Current 34390 29446 170 64006
(J552) i e
Crop area allocated to Optimal 25475 13823 75 39873
crops in each area S oy
(hectares) Percentage
change -25.92 -53.05 -55.88 -38.48
ol 031> awass (g5, Hlade <l
ailaio ;o 5> @lie sl Current 1485 742 4 2231
(celo .lglKe l5n) Al
The amount of energy Optimal 634 409 3 1046
allocated to resources JIE WSS
in each area Percentage
(Thousand MWh. change -57.3 -49 -25 -53.11
Hours)
3
355 Syae ke Current 14.4 12 0.03 265
(o5 52 S
Fertilizer consumption Optimal 103 6 0.07 16.4
(Thousand tons) S do )
Percentage
change -28.4 -50 -133 -38.3
3
o . . Current 55.4 44.4 0.276 100
(05 132) o Sy i PNy
Pesticides consumption Optimal 39 23 0.130 62.13
(Thousand tons) s s
e )
Percentage
change -29.6 -48.2 -53 -37.9
3
SIS glagls Ll ko Ctii:i”t 114.2 91.3 0.516 206
(¢F osekes) Optimal 77.8 458 0.238 123.9
Emission of greenhouse ISR
gases (million tons) Pe;centage
change -31.8 -49 -53 -40
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3
Ooes) dilais a3 yll Current 4428 362.7 2 807.5
(s 2o e
Irrigation water in each Optimal 363.3 234 1.3 598.6
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(= -
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liters) Percentage
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(5 J38) JS s
Total production Optimal 385.8 229.8 14 617
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Ju LoD
Percentage 554 454 -39 33
change
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Source: Research findings
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