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EXTENDED ABSTRACT

Introduction: In recent decades, growth of urban population is resulted to numerous challenges
in food security and environmental sustainability. Urban agriculture has emerged as one of the
effective solutions for achieving sustainable food systems. Given the importance of
environmental impacts in urban agriculture, it is essential to use precise scientific methods to
assess the sustainability of these systems. This study is aimed to evaluate the environmental
impacts of urban agriculture in Mashhad using the Life Cycle Assessment (LCA) method and
to minimize the environmental impacts of these systems by optimizing the inputs level.

Material and methods: This research was conducted at Barakat Park urban agriculture site,
consisting of nine agricultural plots. Data related to the consumption of fertilizers, water,
energy, and other agricultural inputs were collected through field observations. To assess the
environmental impacts of these plots, the Life Cycle Assessment (LCA) methodology was
employed. Key impact categories such as global warming, acidification, eutrophication, and
toxicity potentials were calculated based on standard methods. The relationship between
production inputs and the calculated impacts were analyzed with multivariate regression and
the final model was used for optimization of inputs level to achieve the minimum environmental
impacts.

Results and discussion: The results demonstrated significant variability in environmental
impacts across different plots. Plot 8 exhibited the highest environmental impact, mainly due
to its small size and inefficient resource management, while Plot 1 had the lowest one,
indicating better sustainability practices. Regression analysis revealed that plot size, water
consumption, and crop yield were key factors influencing environmental impacts. Optimization
results suggested that a plot size of approximately 170 m?, with water consumption of 8,400
m’/ha and a yield of 18.3 t/ha, minimized all three major impact categories. Under these
conditions, water productivity reached 2.2 kg/m?. Achieving this level of efficiency in urban
agriculture, particularly in low-input systems, is feasible through optimized water management
and sustainable agricultural practices.

Conclusion: Urban agriculture, despite some environmental challenges, has significant
potential for ensuring food security in urban areas. This study highlights the necessity of
effective resource management and reducing environmental impacts in urban agriculture,
particularly in Mashhad. The findings indicate that optimized resource management can
substantially mitigate environmental impacts while enhancing agricultural productivity. In this
study, the environmental effects were assessed throughout the agricultural production process.
However, one of the key advantages of urban agriculture is its ability to reduce reliance on long
food supply chains, which plays a crucial role in minimizing environmental pollution.
Additionally, most environmental assessments often overlook the socio-economic benefits of
urban agriculture, such as improved community engagement, and enhanced well-being.
Considering these aspects in future research—alongside effective management strategies to
mitigate negative impacts—can facilitate the sustainable expansion of urban agriculture,
particularly in metropolitan areas. The insights from this study can assist policymakers and
urban planners in developing strategies for sustainable urban agriculture, enhancing food
security, and preserving natural resources.
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Table 1- Specific crops cultivated in each plot (not common across all plots)
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Table 3- Characterization factors (CF) of each Index
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Table 4- Normalization values (NV) for the different impact categories (indicator values per person in Europe)
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Table 5- Comparison of Greenhouse Gas Emissions (CO,, CH, and N,O) in Urban Agriculture Plots of Barakat Park

’ " Y ki Y a3 Y s ¥ ol PR Y Y als FPRY, Y
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oba
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S lisd 1S
(O 524.03 770.45 810.77 854.23 675.03 829.30 592.34 1102.5 838.988
2
Ot;.n
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(CH4)
ST 5503
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Total

Wi ealie Jole SOz p,55LS O/AA VX7 L
Tl S axkad 50 NOK JLasl (l5ee (S 45 Jl o
Slaal 0,90 j0 050,85 cud Jolee SOz ,55LS Y/A V- X
Slalad 4 bgs e Ll lade (o yidn s (NH3) Sligal
wg Jolee SOz #,55LS FY/YE Vex A L > g 4w
LA g o olakad jo jlasl pliee (p oS &S J> o
J9a>) ol saslice Jole SO2 p,55lS YY/A: A7) e x
allss wlal p Copae &S el ol> adlas yo (8
msd slosS 3 solatal Joas 5 oslgs o (555L2S
Y RV SRR VN i W O E T™
(2016) .39: bogs 1o (53,9laS lgal jo Jwd slocs g
alyl slasl,d as wols las ssGoldstein er al.
3 olerd s 3l eolaiul 5 Jwd oS gw
SO2 slajl5 jLasil wilss oo (6 00 (65,9l (Slapinnss
alox 5l S59,0 sloosS loolaiul.ams (yiol5811, NOx 4
Ol 55 algi s 55 (Erm 055 yzen I slaosS
Poore ) ail asls pd lases ol (gl Jodlsy
ysb & 5.0 Dorr et al. (2021) (& Nemecek, 2018
Gk 5l Slgoe 6 (65,9liS a5 Ws S 315 alie
5ol sleea¥T § S5eys sleogS 5l solatul
b orulSiianl Sl S Gl slaasl B

Dl

ez alo)S Jouilty ity St aalid (S b,
Joame o5, slil 4 CO2 6 56lS VY0 Lol L,
omle,S ity Gl jo Gl Julse 51 (SO s
ot azkd a5 Ll 5l g col Glabd colue (Sl
Sy9lp yien o]y Lasle ool wls 1) Coluw o eSS
Slan g 53 (53,9l s (>rb 500 (gm0 )l
25U Wlgae j axkd e o cadcwS EYgane
asl aily glulds slajls lecl e sondins
Spao b o> oplpls «(Poore & Nemecek, 2018)
wilgiee P BB jsbar Jelse cnl clie slaoslys
LNgdh sl slaylE el e jo Sglas el
GyolaS a5 wis S0 5158 5.5 Goldstein et al. (2016)
Sy IS slajls Ll (B 50 Wl oo s S
(802) 5,555 anSlgo 515 a5 ols lis asllae ol guls
Gl Jizt yo Jole o 5 Lol o35 ol b aglas 4o
ez axkd o ol ol Jewily (n yien 5 09 o
Wl oddlive Hladl o5 e glil 4 SOy 6 SeLS Y/F L
@ bgipe Hud ol Joily Oliee (258 &S 0
(oplpogde g Jolee SOz #,5LS VYV L S askad

Sz ankad ;0 (NOx) (3958 slasenST (e (o yiin

VEeB sl oY oyl V¥ 0,55 e s lacma pole anlilad

Y



CS o lwgs (6 e (65)9LiS acy 3o Olahad 4o (NO, g NH; SO:2) Slalds b5 L Ol aglio —F Jgus
Table 6- Comparison of Greenhouse Gas Emissions (SO,, NH; and NO,) in Urban Agriculture Plots of Barakat Park
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Fig. 2 - Comparison of Greenhouse Gas Emissions (NO, and NH:) in Terrestrial Environment in Urban Agriculture Plots of Barakat Park
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Fig. 3 - Comparison of Greenhouse Gas Emissions (NO,, NO;- N and NO:s) in Aquatic Environment in Urban Agriculture Plots of
Barakat Park
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Table 7- Comparison of Toxicity in Urban Agriculture Plots of Barakat Park
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Table 8- Percentage Share of Different Environmental Impact Categories in Urban Agriculture Plot of Barakat Park
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Category Unit Land 1 Land 2 Land 3 Land 4 Land 5§ Land 6 Land 7 Land 8 Land 9
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Ecosystem services
St % 0.035 0.041 0.046 0.044 0.042 0.042 0.035 0.033 0.035
Access to water
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QL‘..?\ ol
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Abiotic resources % 72.9 67.5 63.7

depletion

52 % 100 100 100
Total

0.0045 0.0043 0.0043 0.0025 0.0024 0.0035
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65.5 66.5 67 73.6 74.3 71.2
100 100 100 100 100 100
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Fig. 4- Aggregated environmental indicator value (EcoX) Values in the Urban Agriculture Plots of Barakat Park
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Table 9- Independent variables in the final model for describing 3 imp.

act groups with regression coefficients, significance level, R-

squared and adjusted R-squared for each model
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Fig. 5- Response surface and contour plots for global warming potential (GWP) and eutrophication potential (EUTP) obtained by

fitting multiple regression models for 9 urban agriculture plots. In contour plots green and red domines indicate favorable and
unfavorable conditions, respectively.
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Fig. 6- Simultaneous Optimization Results of Independent Variables (Area, Water Consumption, and Yield) to Achieve Minimum
Global Warming Potential and Eutrophication Potential in Urban Agriculture Plots
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20 Access to Water
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22 Infrastructure technologies
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24 Resource depletion potential (RDP)
25 Resource depletion index (RDI)
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