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Table 1. The regulatory compliance mentioned by the Iranian Department of Environment for landfill siting
(Shaeri and Rahmati, 2012)
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Table 2. Regulatory limitations for landfill siting mentioned by the Iranian Department of Environment

(Shaeri and Rahmati, 2012)
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Physical criteria O sy 5l Al 50
Distance from flood plain
| leolalel 1000
Distance from the sea
bal>og, 5l alold 1000
Distance from the river
loazb 0 g Lo 5l alols 1000
e s sl ylxe Distance from wetlands and lakes
Environmental criteria oy ol gloolz I alolé 400
Distance from groundwater wells
iy ol G 5
Depth of groundwater
Sy Ja.m.a Lo cblas> ‘SLQA-EJQAA )| alols 1000
Distance from protected areas
G slradhais 5l alold 2000
Distance from urban areas
ol 350 51 alols 2500
Distance from the province capital
oling, sladilaie 3l alols 1000
Distance from rural areas
oy 5 B0l S5 5l alals 1000
Distance from educational and medical centers
selexz - solazdl s Lne Sl g Fu b STy 5l aluls 3000
Social - economic criteria Distance from historical and ancient centers
e sloolSag 3 5l alols 3000
Distance from local airports
el (o slmolSng 3 5l alols 8000
Distance from international airports
wlio 5l alols 1000
Distance from industries
ool 4y o s 300

Access to roads
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Table 3. Quantitative and qualitative classification to
compare the criteria (Saaty, 2008)

)l @ kel

Definitions Numerical score

Ol Camgllan b Coonl

1
Equal importance
ollae (oS L yiage (o5 3
Weak importance
555 Sagllas b ool 5
Essential or strong importance
68 b anllae b cosal 7
Demonstrated importance
Collas MalS by e Dl 9
Absolute importance
kol o Sl
Intermediate values between two 2,4,6and 8

adjacent judgments
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Table 4. The table of criteria's pairwise comparisons for landfill siting in Mazandaran Province using the AHP method

E, Ex Es E4 Es Es Es Eg Eo E1o En ISP Eis Eu Eis
E: 1 8 5 6 7 7 8 8 2 5 5 4 9 3 4
E, 0.125 1 0.166 0.2 2 033 05 1 0125 02 0.166 0.166 1 0.142 0.2
Es 0.2 6 1 2 5 4 3 6 0.166 05 0.33 0.5 6 0.33 0.5
E4 0.166 5 0.5 1 4 3 2 5 0125 05 025 033 6 0.33 0.5
Es 0.142 05 0.2 0.25 1 033 05 1 0.166  0.33 0.2 0.2 2 0.166 0.2
Es 0.142 3 025 033 3 1 3 4 0.142 0.33 0.2 0.2 2 0.166 0.2
E; 0.125 2 0.33 0.5 2 0.33 1 3 0.166 033 0.166 0.166 2 0.142 0.166
Es 0.125 1 0.166 0.2 1 025 033 1 0.166  0.33 0.2 0.2 1 0.142 0.2
Eo 0.5 8 6 8 6 7 6 6 1 5 3 3 6 2 4
E1o 0.2 5 2 2 3 3 3 3 0.2 1 0.5 0.5 5 0.33 0.5
En 0.2 6 3 4 5 5 6 5 0.33 2 1 0.5 6 0.33 0.5
=P 0.25 6 2 3 5 5 6 5 0.33 2 2 1 6 0.33 2
Eis 0.11 1 0.166 0.166 0.5 05 0.5 1 0.166 02 0.166 0.166 1 0.166 0.2
= 0.33 7 3 3 6 6 7 7 0.5 3 3 3 6 1 2
Eis 0.25 5 2 2 5 5 6 5 0.25 2 2 0.5 5 0.5 1

Woésht 0.215 0.014 0.052 0.041 0.015 0.026 0.02 0.014 0.176 0.051 0.078 0.08 0.013 0.122 0.084
eig

0.06 : (C.R) 5,5 3lw cu po
5l alols (E5) 6;23)‘5.{1 S5 Sloys SThaabio 5l alols (BE4) Liwy, so0gams 3l alold (E3) 48 so5game | alold (E2) JuS 5l alold o EL) ooty i
Wy e (goals cbla> sladilais 1 alold (E9) ool ay (pw s (E8) (5u )b 551,05l alols (E7) (ows 85,58 5l alols (EB) Lol oy o509,
(E14) o)y Ol Goe (E13) 0yt Ol ol 5l alols (E12) eVl g laaxb o by 5l alols (ELL) wilsog, jl alols (EL10) iy ol g s SL

* Slop (E1), Distance from fault (E2), Distance from urban areas (E3), Distance from the rural areas village (E4), Distance from industries,
health centers and educational centers (E5), Distance from the international airport (E6), Distance from the local airport (E7), Distance
from historical centers (E8), Access to roads (E9), Distance from protected areas, national park and wildlife (E10), Distance from the river
(E11), Distance from the sea, lakes, and wetlands (E12), Distance from the water well (E13), Depth of groundwater (E14), Distance from
flood plain (E15)
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Table 5. Classification of areas and scoring for each effective criteria in locating the landfill

b Lxo (%) 639420 sl b ylxo (%) 639420 il

Criteria Range (m) Score Criteria Range (m) Score
0-2000 0 0-200 0
2000-3000 1 200-500 1
e sloailazo § alols 3000-5000 2 15 o)) sladilare g o alols 500-1000 2
Distance from urban areas 5000-10000 3 Distance from fault 1000-2000 3
10000-15000 4 2000-3000 4
>15000 5 >3000 5
0-1000 0 0-50 0
1000-2000 1 50-100 1
ol (slaailais 3 alols 2000-3000 2 Dl sy 5l alole 100-200 2
Distance from rural areas 3000-4000 3 Flood zones 200-500 3
4000-5000 4 500-1000 4
>5000 5 >1000 5
0-8000 0 0-300 0
e - . 8000-8500 1 >20000 1
ol G ol535,3 51 Aol 8500-9000 2 Liosls 4 g yiod 15000-20000 2
Distance frgm international 9000-9500 3 Access to roads 10000-15000 3
airports 9500-10000 4 5000-10000 4
>10000 5 300-5000 5
0-3000 0 0-1000 0
3000-3500 1 1000-2000 1
oo olSi55.5 5l alols 3500-4000 2 sy, §f alols 2000-4000 2
Distance from local airports 4000-4500 3 Distance from rivers 4000-6000 3
4500-5000 4 6000-8000 4
>5000 5 >8000 5
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Table 6. Classification of areas and scoring for each effective criteria in locating the landfill

b ,Lxo (o) 03 gizxn 3ol b Lxo (o) 08980 3ol

Criteria Range (m) Score Criteria Range (m) Score
0-3000 0 0-1000 0
T ; 3000-3100 1 " . . 1000-2000 1
.gs"-i)l’ S )‘.d‘l"’l? 3100-3200 2 ) VB 5 azlys oy 5l alols 2000-4000 2
Distance from historical 3200-3500 3 Distance from the sea, lakes, and 4000-6000 3
centers 3500-4000 4 ponds 6000-8000 4
>4000 5 >8000 5
oo ST csln o alols 0-1000 0 o i ) 0-1000 0
st Fletn 1000-2000 1 L o cBli> glaailaie jlalol1000-2000 1
P90l S 2000-3000 2 iy Sl 5 oo 5 s 2000-4000 2
Distance from industries, 3000-4000 3 : " I 4000-6000 3
medical, and educational 4000-5000 4 D'f]t;?gﬁ ;Irgg;kp ;ztdec\:l?::ldﬁrfias, 6000-8000 4
centers >5000 5 >8000 5
0-400 0 0-5 0
T . 400-1000 1 5-10 1
ol ely sl alote 1000-1500 2 i ol Gt 10-15 2
Distance from the 1500-2000 3 Depth of groundwater 15-20 3
groundwater well 2000-3000 4 20-30 4
>3000 5 >30 5
0-2% 5
S ns 2-6% 4
(o 22)> &)y900) 6-12% 3

Topology a0

(percentage of slope) 12-18% 2
>18% 1

Tegend
groundwater
Value

T i

ERTTRED ST R T T

iy 2l Gos (sanain 4l (o
¢) Underground water depth classification  b) Classification map of the distance from fault

Jo5 5l alols unaib a4 (o

o (goraids ands (LAl
a) Slope classification map

z

sl 5 Sloyd Shhe lio jfalols gun ail 4z (z
f) Classification map of the distance from
industries, medical and educational centers

£ mruor mve arzor war

wogue wars e apre

Legend
£| water wen

A

Legend
£| mood zones

Slolz 5l alols gonail aiks (¢
e) Classified map of the distance from the
water well

ER e TS e S T T

O digy 5l Aol gunaa b 4 (o
d) Classification map of the distance from
the flood zone

T TWE Taie SO meE DR SaeE @i

4 Legend
¢ local airport
% Value

LU
=
i l—
[

a
i« W4
K 5

*| Legend

<| intairport
i vale

[ o
|} z
[__H 3
[ B N
[ D
& 8

e ol55g,8 3l alold sanadls and (o
i) Classification map of the distance from the

local airport

el e o858 5l alold sumaa b anis ()
h) Classification map of the distance from
the international airport

sl 5 (Fu,b ST 5l sanails 4k (o
g) Classification map of the distance from
historical centers

yvaa L')Li..wa)‘ §f a)La..i'; CERAZB 0,90 ‘Ja.:;u: 'a,l.c aolilad

AR



S sl (olag (85 sl G slacusguze b))

A 5ol sonaal assi (S
) Cla35|f|cat|on map of distance from the
city

WY GEIE W BT TNT RICE RNT VT DT T GOE des

<L._..4< IALols ol ans d'

Ao, 5l alold guudils ands (s
J) Classification map of distance from rivers

cblis gladihie jl alols gonaid and (s
w?juijslAJ)baw)JmmaM

p) Classification map of distance from
protected areas, national parks, and
wildlife

Waoe WirE e ornE @n

ool> 5l alold t_go....u.Ja Ag (,a

n) Classification map of distance from
roads

E T T o Tr T T

T o wRE wae

YU g axl o o 5l alold sondads azds (J
m) Classification map of distance from the
sea, lakes, and ponds

Oyl Glawl Al 80 Jxo oty (2b Ko Sy 0 (5 jlmo 00l (gudy alb dalds -F &
Fig. 3- Classification maps of effective criteria for optimal landfill siting in Mazandaran Province
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Fig. 4- Final constraint map for sanitary landfilling in Mazandaran Province
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Introduction: Today, solid waste management is an important issue for urban planners all over the world. The
landfill, which is a site for the safe disposal of waste materials by burial, is considered to be the core of an
integrated waste management strategy in modern cities. Selecting a suitable site for landfilling is the first and
most important phase in the process of waste disposal. Geospatial Information System (GIS) has become a
common tool for the selection of landfill sites. In this research, by integrating spatial information systems and
a multi-criteria decision-making model, spatial limitations for sitting sanitary landfills along the province of
Mazandaran were evaluated based on the regulatory compliance based on the Iranian Department of
Environment (DOE) regulations.

Material and methods: Municipal solid waste disposal is one of the major problems of urban environments
in almost all northern states of Iran, especially Mazandaran Province. In this paper, using the analytical
hierarchy process (AHP), a spatial information system has been developed for siting urban waste burial
landfills in Mazandaran Province. ArcGIS 10.4.1 software was used to create an information database for
spatial analysis and integration of map layers. The AHP model and Expert choice software were also used to
compute the weight of criteria.

Results and discussion: In this study, according to the regulatory requirements of the Iranian DOE, the
effective factors for siting urban landfills were extracted. These criteria were slope, distance from the fault,
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flood plain, distance from the sea, distance from rivers, distance from lakes and wetlands, distance from
groundwater wells, groundwater depth, distance from protected areas, distance from urban areas, distance from
rural areas, distance from educational and medical centers, distance from historical and ancient centers,
distance from local and international airports, distance from industries and also having access to roads.
Considering the elimination criteria and by classification and scoring them, maps of the layer of each criterion
were produced in the GIS system. As the role of each criterion is different, in the next step, the relative weights
of criteria were calculated using AHP and Expert Choice. Finally, by integrating the map layers of each
criterion and by deleting layers of limitation, the suitable areas have been classified into three categories. The
results showed that 16156 km? of Mazandaran Province (about 68 percent of the total area) is forbidden for
any landfilling based on the national regulations of DOE and only 32 percent of the total area has the initial
conditions for any disposal. The initial candidate landfill sites were separated into three categories: high
suitability, moderate suitability, and low suitability. As a result, 2405 km? of the province's area had low
suitability, 4914 km? had moderate suitability, and 281 km? had high suitability conditions.

Conclusion: The comparison of results showed that only two percent of the province has essentially the
optimal conditions for proper landfilling and Mazandaran Province is a region with strict restriction from this
aspect. This study showed that the combination of GIS and AHP methods for the application of regulatory
requirements for limitation zones and the priority setting can be considered as a suitable approach for siting
urban landfills.

Keywords: Analytic hierarchy process, Geospatial Information Systems, Department of Environment,
Landfill, selection.
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