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{in Iran shows that sustainability considerations have been ignored in most programs. These
i programs are often used for research after implementation. However, the evaluation of
i the future situations resulting from the implementation of developmental interventions
%in the region is considered a practical step in modifying and revising the development
iplans in order to achieve sustainablity. The master plan of Boroujerd, located in Lorestan
i province, was prepared by the Emco consulting engineers and was approved by the
i Supreme Council of Urban Planning and Architecture in the spring of 2016. To assess the
gimpact of the Boroujerd comprehensive plan on its sustainability, a comparison will be
imade between the ecological conditions in 2015 and 2031. With this aim, the ecological
i footprint and biological capacity of Boroujerd have been calculated separately for each
iyear, and finally, after deducting the ecological footprint from the biological capacity, the
gsustainability of the region will be determined in terms of ecological surplus or deficit.

ETHODS: The Ecological Footprint Index is one of the most important tools for
H measuring the sustainability status of specific areas or lifestyles, which was proposed
i by Rees and Wackernagel in the 1990s. This index offers clear insights into regions exerting
i higher pressure on natural resources. It calculates the ecological footprint based on four
i consumption categories: food, housing, services, and transportation. Additionally, it
%categorizes the types of land required to fulfill this consumption and absorb pollution,
{including forest land, built-up land, fishing land, cropland, grazing land, and carbon. In this
i study, a combination of a field survey and a questionnaire (the questionnaire was adapted
i to align with the Iranian-Islamic lifestyle to the greatest extent possible) was employed to
i determine the ecological footprint in 2020 (the year when the research was conducted).
%Subsequently, predictions for the ecological footprint in 2015 and 2031 were made. On
i the other hand, biocapacity pertains to the capacity of water and soil to provide ecological
i services. Similar to the ecological footprint, biological capacity involves the classification of
i land types into six groups. Ultimately, Boroujerd’s biological capacity was computed based
on the area of each of these six land types, utilizing the following formula:
iBC= Ax YF x EQF
i BC= Biological Capacity; A= Area; YF= Yield Factor; EQF= Equivalence Factor

INDINGS: The results reveal that Boroujerd’s biological capacity, both in 2015 and

2031, surpasses the national average due to its abundant natural resources. However,
its ecological footprint and deficit are alarmingly higher. The ecological deficit in Boroujerd
iis predicted to increase further in 2031, due to inappropriate consumption patterns,
i population growth, and changes in land use outlined in the proposed master plan. In
i both 2015 and 2031, the highest percentage of the ecological footprint is associated with
%Carbon, Cropland, Forest land, Built-up land, Fishing land, and Grazing land, respectively.
i Notably, the reduction in the biological capacity of cropland and the increase in the
i biological capacity of built-up land demand particular consideration. Due to the proposed
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?plan’s alteration of cropland use, their biological capacity has dwindled to less than half. As

i aresult, the city will face a greater ecological deficit in this type of land compared to other
i types. Although in the proposed plan, an attempt has been made to compensate for this
i ecological deficit by creating a green protection axis in the city limit, due to the increase in
i population and the conversion of cropland into built-up land, there has been no success in
compensating the ecological deficit.

ONCLUSION: The ecological deficit of Boroujerd in 2015 was about -44.3 hectares per
: person, and if the mentioned plan is implemented, sustainability is expected to slightly
i decline by 2031, and the ecological deficit will reach -67.3 hectares per person. In the end,
{ two categories of solutions in order to compensate for the ecological deficit and achieve a
sustainable situation in Boroujerd will be addressed. The first group is solutions to reduce
i the ecological footprint aiming to lower demand levels and promote sustainability through
i education and culture for the optimal consumption of each of the indicators used in the
i calculation of the footprint. The second set of solutions, commonly adopted in developed
i societies and seek to increase biological capacity through innovative solutions. In this
regard, solutions are proposed to reduce carbon emissions and increase the capacity of
i environmental resources.

i HIGHLIGHTS:

- Evaluating the effects of the implementation of the comprehensive plan of Boroujerd on
¢ its sustainability using the ecological footprint method.

i - Calculating the ecological footprint using a questionnaire based on measuring the
i amount of consumption in the four groups of food, housing, transportation and goods and
determining the biological capacity based on the area of six types of land.

i - Providing solutions for compensating for the ecological deficit and achieving sustainability
i in Boroujerd.
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Fig. 1. Land Use Map in 2015
(Emco Consulting Engineers, 2016)

Fig. 2. Proposed Land Use Map in 2031
(Emco Consulting Engineers, 2016)
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Table 1. Documentation of indicators and criteria

Year Price Index Row 1 2 3 4 5
(100=2016)
2004 14.6 Income grouping 16.5 16.5-24 24-45 45-75 More than
(million Rials annually) and less 75
share (percentage) 10.3 15 44 22 8.7
2015 93.65 Income grouping 100 100-165 165-270 270-480 More than
(million Rials annually) and less 480
share (percentage) 6.4 19.7 46.3 253 23
2019 Income grouping 100 100-165 165-270 270-480 More than
(million Rials annually) ~ and less 480
Income grouping of share (percentage) 4.10 8.42 24.86 37.58 25.06
2015
2019 183.99 Income grouping 196 196-323 323-530 530-940 More than
(million Rials annually) ~ and less 940
New Income share 19.9 28.3 30.9 11 9.9
grouping (percentage)
2020 227.1 Income grouping 242 242-399 399-653 653-1161 More than
(million Rials annually) and less 1161
share (percentage) 22.5 28.9 27.8 9.3 11.5
2031 share (percentage) 34.1 222 9.9 2.6 31.2
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Social Grouping of

Boroujerd City Determination

Calculating the Ecological

Sample Size Questionnaire < N 3 7
p |:> Design and LJ‘> Footprint in the Year of Conducting

Distribution

the Research (2020) Using the
Global Footprint Network

2

Forecasting the Ecological Footprint in 2015 and 2031 Based on the
Calculations Made in the Previous Steps

s

Estimation of Biological Capacity in 2015 Using the Area of Land Types k

in Studies of the Current State of the Master Plan in 2015 and Forecasting
the Biological Capacity in 2031 Using the Proposed Zoning Maps of the
Master Plan of Boroujerd City

J
N
Determining the Ecological Status of Boroujerd City, Analyzing the
Situation and Finally Providing a Solution to Improve the Sustainability of
Boroujerd City )

Fig. 3. Research Process
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(1) (3.85 % 6.4) + (4.6 x 19.7) + (5.72 X 46.3) +
(5.88 x 25.3) + (8.09 x 2.3) /100 = 5.48

(2) (3.85%34.1) + (4.6 X 22.2) + (5.72 X 9.9) +
(5.88 x 2.6) + (8.09 x 31.2) /100 = 5.58

Se Cobse Py Sd )b daloe jolaie 4

OYAY) 05250 amig Dladllas ol o) glosil
Crpsiige o sgi s ool (VEY +) oolgi i
Emco Consulting) ceul sael s 4y ¢Sl jglie
AYAY Jlw o 4l as a9 L (Engineers, 2016
e G S 5 B YOVIYY 0,290 S
al s o3l o 5 VORAFR oo Jls (gl 0is
Jolae o po 48 (paw dal Sy (ye slas )l
ad)S b 0 e 95 0 Sl (Sl sk 4w aS
F gy eyl o g 0t o s Sl e



see BBl 5 Il Curdg 3 5500 2oL ST B Wl L)

YY—AP Olxio /1 0y . 1F 099  AFY (bl g 4l

LaVS B mae glm g liS e 51 glo 0 00
)L._......‘ ) 6;)_»403; U'“_“" u‘_..a )‘ Sl ous 9

ol gz s ol blie sl 5l ogas

s S590sST (6 S moliel i S a S Ll )

Slosls el 5 tate a (prej 55 ) Aa i 5
) Smd )b oz o el dgpiie dasl> B yas
b 331 Jlw 53 o1 SilsST 5 S (o y cd
| ailpSin slo)Sal, asil)l g 6 S5k g3 aS

s_§_>bl_‘>u|l_>l_uu_m‘od_m‘5v_wksoLer_m.uC)_lo
LS (V JS8) o o > 50 o (—ibla> )5 oro
o Hy 005 Ol SidsST 6 S ml g0
S503iS sldpe; Jmod g Croz 2l o
Lo bl o (Y g) JSb) oo asbw (e 4
sl 00 ol g «SLyelsST (6 S e
L;)L))_go).@ | o\.\_;e] I\ JBA_> B s )5_144@

o Llaie) plaw an Cod €5l i8S slaiwe
3L»_M;‘ ‘U‘)_" g,\_.\.bajl_:d_u.qtia)é gy UL»_M:).Q,..J
Woas oo s an e ol ol i s les
Sy n SislsST s, (=Kl 039 YL 1 0gdle

Table 2. Consumption Status of Residents of Boroujerd City according to Income Grouping and the Most Frequent
Answers of Each Group

Questions

1) Which housing type best

Group 1

Duplex, row house

Group 2

Group 3 Group 4 Group 5

Housing

Duplex, row house

Duplex, row house ~ Duplex, row house Duplex, row house or

describes your home? or building with 2-  or building with 2-  or building with 2-  or building with 2-4 building with 2-4
4 housing units 4 housing units 4 housing units housing units housing units
2) What material is your Brick/Concrete Brick/Concrete Brick/ Steel Brick/ Steel Brick/ Steel
house constructed with?
3) How many people live 3 4 3 4 3&4
in your household?
4) What is the size of your Between Between Between Between Between
home? 70-100 m? 100-150 m? 100-150 m? 150-200 m? 150-200 m?
5) Do you have electricity Yes Yes Yes Yes Yes
in your home?
6) How energy efficient is Average Average Average Above average Average
your home?
7) What percentage of your 0% 0% 0% 0% 0%
home's electricity comes
from renewable sources?
8) Compared to your Less Less & Same Same Same Same
neighbors, how much trash
do you generate?
Food
9) How often do you eat Occasionally Often Often Often Often
animal-based products?
(beef, chicken, fish, eggs,
dairy products)
10) How much of the food Less than 25% Less than 25% 25-50% 50-75% 25-50%
that you eat is
unprocessed, unpackaged
or locally grown?
Transportation
11) How far does your Zero Less than 100 kms 101-200 kms Less than Less than
family travel by car or 100 kms 100 kms
motorcycle each week? 0-
800 kms
12) What is the average - 2-7 liters 8-13 liters 8-13 liters 8-13 liters
fuel economy of the
vehicles you use most
often?
(2-24 liters/100 kms)
13) When you travel by Always Infrequently Never Never Never
car, how often do you 81-100% 21-40 % 0-20% 0-20% 0-20%
carpool?
14) How far does your 200-400 kms Less than Less than Less than Less than
family travel on public 25 kms 25 kms 25 kms 25 kms
transportation each week?
(bus, train, etc.)
0-800 kms
15) How many hours do 0 0 0 0 Less than
you fly each year? 5 Hours

0-200 Hours
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Table 3. The Ecological Footprint of the Households of Boroujerd according to the Income grouping

Ecological footprint calculation (gha) Group 1 Group 2 Group 3 Group 4 Group 5
The average footprint on built-up land of each group 0.15 0.10 0.19 0.19 0.25
The average footprint on built-up land (2015) 0.172
The average footprint on built-up land (2031) 0.176
The average footprint on forest land of each group 0.40 0.40 0.51 0.58 0.74
The average footprint on forest land (2015) 0.505
The average footprint on forest land (2031) 0.522
The average footprint on cropland of each group 1.05 1.40 1.71 1.31 1.65
The average footprint on cropland (2015) 1.505
The average footprint on cropland (2031) 1.387
The average footprint on grazing land of each group 0.10 0.10 0.17 0.12 0.14
The average footprint on grazing land (2015) 0.139
The average footprint on grazing land (2031) 0.120
The average footprint on fishing ground of each group 0.10 0.20 0.17 0.13 0.17
The average footprint on fishing ground (2015) 0.162
The average footprint on fishing ground (2031) 0.152
The average footprint on Carbon of each group 2.05 2.40 2.97 3.55 5.14
The average footprint on Carbon (2015) 3.000
The average footprint on Carbon (2031) 3.222
Average footprint of each group 3.85 4.60 5.72 5.88 8.09
Average footprint of all groups (2015) 5.48
Average footprint of all groups (2031) 5.58

Table 4. The Biological Capacity of Boroujerd in 2015 and 2031

Land Type 2015 2031
Land Area  Current per  Equivalence Biological Land Area Proposed Equivalence Biological
(hectares) Capita Factor Capacity (hectares) per Capita Factor Capacity
(hectares (hectares per (hectares (hectares per
per person) person) per person) person)
Crop 35788 0.142 2.51 0.35695 17055 0.047 2.51 0.11797
Grazing 3388 0.013 0.46 0.00598 3090 0.008 0.46 0.00368
Forest 18123 0.072 1.26 0.09072 76436 0.212 1.26 0.26712
Fishing 1898 0.007 0.37 0.00259 1898 0.005 0.37 0.00185
K Carbon - - 1.26 - - 126
-9l Built-up 158873 0.631 2.51 1.58464 218503 0.607 2.51 1.52409
] e Total 2.04088 1.91471
1 9
. a 100
- 4]{ 0lg 4
g | R
< J 70 0
q 60 53
N
7] P 50
< :
1 w© .
2 30 . R
29 5 2
2 %8 g a
A B B sfad [oig augg &
o o o o o
Built-up land Carbon fishing ground Forest land ~ Grazing land Cropland
= Footprint in 2015 m Biological Capacity in 2015
@ Footprint in 2031 Biological Capacity in 2031
Fig. 3. Ecological Footprint and Biological Capacity of Boroujerd City Based on the Land Types in 2015 and 2031 in
Percentage

Table 5. Comparison of Ecological Footprint and Biological Capacity in Different Regions

Location Year Hectares per person  Built-up Carbon Crop Fishing Forest Grazing Total
Land Land Land Land Land

Boroujerd 2015 Biological Capacity 1.59 0.00 0.36 0.01 0.09 0.01 2.04
Boroujerd 2031 Biological Capacity 1.53 0.00 0.12 0.01 0.27 0.01 1.91
Iran 2017  Biological Capacity 0.07 0.00 0.36 0.18 0.06 0.07 0.74
Asia 2017  Biological Capacity 0.07 0.00 0.39 0.08 0.15 0.06 0.75
World 2017  Biological Capacity 0.06 0.00 0.52 0.15 0.68 0.20 1.60
Boroujerd 2015  Ecological Footprint 0.18 3.00 1.51 0.17 0.51 0.14 5.48
Boroujerd 2031  Ecological Footprint 0.18 3.23 1.39 0.16 0.53 0.12 5.58
Iran 2017  Ecological Footprint 0.07 2.32 0.52 0.16 0.07 0.10 3.22
Asia 2017  Ecological Footprint 0.07 1.57 0.47 0.08 0.17 0.08 2.43
World 2017  Ecological Footprint 0.06 1.69 0.52 0.09 0.27 0.14 2.77
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