Table 1 The defined Criteria and Decision Rules for Route Selection

	Alternative
	Criteria
	Decision rules

	Economy
	Slope
	Maximizing route length in flat and mild slopes to reduce cut and fill costs.

	
	Land Use
	Minimizing route length in agriculture, and urban areas to avoid land acquisition.

	
	Faults
	Faults are considered a constraint in routing a highway and should be avoided to reduce cost.

	
	Rock Type
	Minimizing route length in Rock areas to avoid high amounts of cut and fill costs.

	
	Hydrology
	Minimizing route length intersecting stream networks to avoid flood protection constructions.

	
	Sand Dunes
	Minimizing route length intersecting sand dunes to avoid the risk of dunes encroachment on the highway.

	Environmental
	Agriculture Distance
	Maximizing route distance from agricultural areas to avoid loss of rural lands.

	
	Stream
Distance
	Maximizing route distance from water stream networks to preserve the water resource.

	
	Sand Dunes
	Far from sand dunes areas to avoid problems that may be caused by dunes encroachment on driving and road safety.

	
	Archaeology sites
	Archaeology sites are cultural and historical values. Such sites should not be crossed by the highway.


Table 2 Data sources and derived item
	Data
	Date
	Source
	Derived Item

	Shuttle Radar Topography Mission (SRTM) Data
	March 2018
	SRTM GDEM http://www.gdem.SRTM.ersdac.or.jp
	Extraction of Digital Elevation Model (DEM), slope, and stream network.

	Landsat 8 (OLI) Images
	June 2018
	Landsat 8(OLI)
	Extraction of the Land cover map, sand dunes


Table 3 Standardized Economy Values
	Standardized Economy Values
	Cost value

	Economy Theme

	Slope (%)

[3]
 
	0–3
	1

	
	
	3-5
	2

	
	
	5-8
	3

	
	
	8-10
	4

	
	
	10-15
	5

	
	
	15-18
	6

	
	
	18-20
	7

	
	
	20-25
	8

	
	
	>25
	9

	
	Land use

[1]
	Water, Sand dunes, Urban, Mountainous rocks
	9

	
	
	Agriculture
	6

	
	
	Natural Vegetation
	4

	
	
	Bare Rock with shallow sand
	1

	
	Faults

(Effat and Hassan 2013)
	Fault
	9

	
	
	No faults
	1

	
	Hydrology
	Stream
	9

	
	
	No streams
	1

	
	Sand dunes
	Sand dunes
	9

	
	
	No sand dunes
	1

	
	Rock type [15]
	Basalt, Quartz, Lake
	9

	
	
	Gypsum, Lime Stone
	5

	
	
	Pebbles
	3

	
	
	Clay, Shale, Marl, Sand Stone
	2

	
	
	Agriculture
	4


Table 4 Standardized Environmental Values

	Standardized Environmental Values
	Cost Value

	Environmental


	Proximity to Agriculture (km)

[14]
	0-0.1
	9

	
	
	0.1-0.2
	6

	
	
	0.2-0.3
	3

	
	
	>0.3
	1

	
	Proximity to Streams (km)

[14]

	0-1
	9

	
	
	1-2
	6

	
	
	2-3
	3

	
	
	>3
	1

	
	Protectorate [1]

	Present
	9

	
	
	Under Research
	5

	
	
	No
	1

	
	Proximity to Sand Dunes (km)
	0-0.1
	9

	
	
	0.1-0.2
	6

	
	
	0.2-0.3
	3

	
	
	>0.3
	1


Table 5 AHP Weighting full example: Economy Weighting

	Pairwise comparisons

	Factors
	Slope
	Land use
	Faults
	Rock Type
	Stream
	Sand dunes

	Slope
	1
	9/7
	9/3
	9/5
	9/4
	9/3

	Land use
	7/9
	1
	7/3
	7/5
	7/4
	7/3

	Faults
	3/9
	3/7
	1
	3/5
	3/4
	3/3

	Rock Type
	5/9
	5/7
	5/3
	1
	5/4
	5/3

	Stream
	4/9
	4/7
	4/3
	4/5
	1
	4/3

	Sand dunes
	3/9
	3/7
	3/3
	3/5
	3/4
	1

	SUM
	3.68
	4.43
	10.33
	6.20
	7.75
	10.33



Table 6 Normalized pairwise AHP comparison matrix and relative weights

	Factors
	Slope
	Land use
	Faults
	Rock Type
	Stream
	Dunes
	Weighting

	Slope
	0.27
	0.29
	0.29
	0.29
	0.29
	0.29
	28.7

	Land use
	0.21
	0.23
	0.23
	0.23
	0.23
	0.23
	22.3

	Faults
	0.09
	0.10
	0.10
	0.10
	0.10
	0.10
	9.6

	Rock Type
	0.15
	0.16
	0.16
	0.16
	0.16
	0.16
	16

	Stream
	0.12
	0.13
	0.13
	0.13
	0.13
	0.13
	12.8

	Dunes
	0.16
	0.10
	0.10
	0.10
	0.10
	0.10
	10.7

	SUM
	
	100%


Table 7 AHP Weighting for environmental vision

	Pairwise comparisons

	Factors
	Proximity to 
	Protectorates

	
	Stream
	Dunes
	Agriculture
	

	Proximity to Stream
	1
	5/3
	5/5
	5/7

	Proximity to Sand dunes
	3/5
	1
	3/5
	3/7

	Proximity to Agriculture
	5/5
	5/3
	1
	5/7

	Protectorates
	7/5
	7/3
	7/5
	1

	SUM
	4
	6.67
	4
	2.86


Table 8 Normalized pairwise AHP comparison matrix and relative weights

	Factors
	Proximity to 
	Protectorates
	Weighting

	
	Stream
	Dunes
	Agriculture
	
	

	Proximity to Stream 
	0.25
	0.25
	0.25
	0.25
	25.0%

	Proximity to dunes 
	0.15
	0.15
	0.15
	0.15
	15.0%

	Proximity to Agriculture
	0.25
	0.25
	0.25
	0.25
	25.0%

	Protectorates
	0.35
	0.35
	0.35
	0.35
	35.0%

	SUM
	
	100%


	Research Case
	Alternatives 

	
	Economy
	Environmental

	I- Economy Vision
	0.7
	0.3

	II- Environmental Vision
	0.3
	0.7

	III- Equal Vision
	0.5
	0.5

	IV – Economy Only Vision
	1.0
	0




Table 9 Assigned Weights for Multiple Research Cases

Table 10 Different Criterion Based on Multiple Research Cases

	Attribute
	MCDA-Case Research

	
	Economy
	Environmental
	Equal
	Economy Only

	Slope Crossing (>15%) (m)
	4,448
	16,018
	6,887
	2,094

	Basement Rock Crossing (m)
	15,950
	25,792
	6,556
	11,019

	 Length of road(m) crossing Stream buffer zone 300m 
	1911
	1004
	907
	3,739

	Length of road(m) crossing fault buffer zone 500m
	0
	1,267
	675
	440

	Proximity to stream
	16417
	10,111
	9,349
	124,664

	Protectorates Crossing (m)
	29,799
	3,059
	3,348
	30,738

	Route Length(m)
	225,017
	209,322
	216,078
	226,285


Table 11 Pairwise comparison matrix used for calculation of weights for the evaluation criteria

	Criteria
	Slope Crossing
	Rock Crossing
	Stream Crossing
	Faults
	Prox. to Stream
	Prot. Crossing
	Route Length
	Weight

	
	
	
	
	
	
	
	
	

	Slope Crossing>15%
	1
	1.8
	2.25
	3
	2.25
	1.5
	2.25
	0.25

	Rock Crossing
	0.56
	1
	1.25
	1.67
	1.25
	0.83
	1.25
	0.14

	Stream Crossing
	0.44
	0.8
	1
	1.33
	1
	0.67
	1
	0.11

	Faults
	0.33
	0.6
	0.75
	1
	0.75
	0.5
	0.75
	0.08

	Proximity to Stream
	0.44
	0.8
	1
	1.33
	1
	0.67
	1
	0.11

	Protectorates Crossing
	0.8
	1.2
	1.5
	2
	1.5
	1
	1.5
	0.17

	Route Length
	1
	0.8
	1
	1.33
	1
	0.67
	1
	0.13


Table 12 Comparison among Road Specifications regarding Different

	Attribute
	Comparison

	
	Equal
	Existing

	Rock Crossing(m)
	6,556
	17,816

	Stream Crossing(m)
	907
	43,785

	Faults Crossing(m)
	675
	898

	Route Length(m)
	216,078
	224,000



Table 13 Different Criterion Based on Multiple Research Cases

	Attribute
	MCDA-Case Research

	
	Economy
	Environmental
	Equal
	Economy Only

	Slope Crossing >15%) (m)
	485
	641
	461
	402

	Rock Crossing(m)
	6,705
	7,314
	7,132
	6,700

	Stream Crossing(m)
	784
	784
	784
	984

	Faults Crossing(m)
	0
	503
	0
	0

	Proximity to stream
	11,540
	11,950
	11,561
	9,129

	Proximity to Agriculture land(m)
	12,308
	4,171
	5,478
	67,757

	Sand dunes Crossing (m)
	7,199
	8,156
	7,530
	7,335

	Route Length(m)
	185,246
	183,882
	184,597
	180,206


Table 14 Pairwise comparison matrix used for calculation of weights for the evaluation criteria

	Factors
	Slope
	Rock Crossing
	Stream Crossing
	Faults Crossing
	Prox. to Stream
	Prox. to agri. land
	Sand dunes Crossing
	Route Length
	Weight

	Slope
	1.00
	1.80
	2.25
	3.00
	2.25
	1.29
	3.00
	2.25
	0.22

	Rock Crossing
	0.56
	1.00
	1.25
	1.67
	1.25
	0.71
	1.67
	1.25
	0.12

	Stream Crossing
	0.44
	0.80
	1.00
	1.33
	1.00
	0.57
	1.33
	1.00
	0.10

	Faults Crossing
	0.33
	0.60
	0.75
	1.00
	0.75
	0.57
	1.00
	0.75
	0.08

	Prox. to Streams
	0.44
	0.80
	1.00
	1.33
	1.00
	0.57
	1.33
	1.00
	0.10

	Proximity to agri. land
	0.80
	1.40
	1.75
	1.75
	1.75
	1.00
	2.33
	1.75
	0.17

	Sand dunes Crossing
	1.00
	0.60
	0.75
	1.00
	0.75
	0.43
	1.00
	0.75
	0.09

	Route Length
	1.33
	0.80
	1.00
	1.33
	1.00
	0.57
	1.33
	1.00
	0.12


Table15 Comparison among Road Specifications regarding Different
	Attribute
	Comparison

	
	Equal
	Existing

	Slope Crossing (>15%) (m)
	461
	318

	Rock Crossing(m)
	7,132
	12,553

	Stream Crossing(m)
	784
	1,473

	Faults Crossing(m)
	0
	1,621

	Proximity to stream
	11,561
	16,118

	Proximity to Agriculture land(m)
	5,478
	44,948

	Sand dunes Crossing (m)
	7,530
	13,479

	Route Length(m)
	184,597
	197,988


