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Table 2. Metrics calculated at the level of classes for Astara city

fyLowl ik

PROX_MN PLADJ COHESION Al
Astara Class
(Residentialy _ssSs 575.25 90.16 98.37 91.12
(Agriculture)s; ,sles 975.19 94.14 98.63 94.84
1380
(water)o1 126.13 96.99 98.78 97.77
(forest) Jsi> 236.00 83.28 93.30 85.70
(Residential) _jsSs 481.38 92.07 98.14 92.86
(Agriculture);,gles 290.25 92.39 97.87 93.18
1394
(water)oT 132.58 96.96 98.79 97.75
(forest) <> 149.75 83.42 93.62 86.03
SFI e (8l Sl s 55 ool Cawday goazins -Y Jsux
Table 3. Metrics calculated at the level of classes for Bandar Anzali city
o Fl . b PROX_MN PLADJ COHESION Al
Bandar Anzali Class

(Residentialy ;sS.e 628.35 94.44 98.92 95.16

1380 Agriculture)s;,sLas 331.54 90.14 98.18 90.79

(water)oT 821.79 96.10 99.32 96.57

(Residential) _jsSs 446.75 94.66 98.89 95.29

1394 Agriculture)s; sLzs 464.84 92.58 98.58 93.21

(watero| 621.33 96.20 99.12 96.74
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Table 4. Metrics calculated at the level of classes for Lahijan city

o=y : PROX_MN PLADJ COHESION Al
Lahijan Class
(Residential)_ssSwe 307.04 90.28 98.58 91.19
(Agriculture)s; sles 3519.06 95.61 99.84 96.11
1380 .
(water)o! 0 84.78 91.04 92.22
(forest) | 25.28 85.17 95.44 86.77
(Residential) _ssSs 585.96 91.14 98.98 91.94
(Agriculture)s;,slas 2636.95 95.06 99.63 95.57
1394 )
(water)o! 0 80.97 88.26 87.64
(forest) JX> 14.07 83.22 92.44 85.09

2995 el (8l i s 55 ool Cawdy sloaziw -0 Jsu

Table 5. Metrics calculated at the level of classes for Roodbar city

229, b PROX_MN PLADJ COHESION Al
Roodbar Class -
(Residential) s 16.98 73.99 87.81 75.31
(Agriculture) g ;,sles 74.21 93.14 96.88 94.15
1380
(Rangeland)gs 5o 5133.36 96.70 99.61 97.09
(water)cl 0 74.00 96.95 76.62
(Residential) sy 31.68 92.85 97.11 93.60
(Agriculture)s;gles 5310.86 96.77 99.71 97.16
1394
(Rangeland)g 5« 55.01 79.89 93.10 81.04
(waterol 0 73.93 96.94 76.57

003y sty (51 b b ) ouelCawddy gloazmine —F Jguzr
Table 6. Metrics calculated at the level of classes for Roodsar city

709 b PROX_MN PLADJ COHESION Al
Roodsar Class

(Residential) 55 115.58 86.57 96.42 87.51
(Agriculture)s;,slas 3432.55 94.84 99.12 95.41
13%0 (water)o| 37.06 95.96 98.01 96.91
(Coastal) L. 160.25 86.73 96.41 89.24
(Residential) ssSus 147.99 86.11 96.69 86.97
(Agriculture) g ,sles 2343.29 93.43 98.99 94.01
1394 (Water)o| 44.72 94.84 97.41 95.77
(Coastal)_J>L 136.75 84.82 96.15 87.50
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Table 7. Metrics calculated at the level of classes for Talesh city

oMb b PROX_MN PLADJ COHESION Al
Talesh Class
(Residential) _ssSs 213.18 88.65 97.35 89.76
(Agriculture)s;,slas 1373.05 94.08 99.11 94.71
1380
(Forest) JX> 89.76 95.44 98.41 96.37
(Water)o| 2.56 30.40 49.01 32.79
(Residential) ssSe 408.19 89.53 98.14 90.41
(Agriculture)s; ,sLas 456.47 91.83 98.16 92.49
1394
(Forest) J<> 188.01 94.80 98.24 95.76
(Water)o| 2.56 30.40 49.01 32.79
| ywazogo pieis (y Slinb law 35 ool Cawdds Az —A Jguz
Table 8. Metrics calculated at the level of classes for Some Sara city
Ly arageo b PROX_MN PLADJ COHESION Al
Some Sara Class
(Residential) ssSuwe 206.71 84.50 96.69 85.61
1380 (Agriculture) s ; ,slas 5522.24 97.06 99.40 97.51
(Water)o| 0.55 61.92 73.37 66.21
(Residential) s 159.33 84.33 96.96 85.28
1394 (Agriculture)s;,gLas 3777.90 95.87 99.40 96.26
(Water)| 1.19 63.58 73.85 66.29
ool y 3ol (61 Sl zbaw y5 ool Cawdds saziw -1 Jguz
Table 9. Metrics calculated at the level of classes for Ramsar city
ool b PROX_MN PLADJ COHESION Al
Ramsar Class
(Residential) sy 378.25 84.89 97.32 85.44
Agriculture)s;,slas 262.66 86.94 96.72 87.48
1380
(Forest) %> 8575.96 97.96 99.69 98.31
Wateryo1 481.21 98.32 99.15 98.34
(Residential) ;s 643.16 89.83 98.10 90.28
Agriculture)s;,sles 51.41 81.16 93.63 82.33
1394
(Forest) %> 5578.23 96.89 99.60 97.24
Water)oi 393.70 98.30 99.18 98.62
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Table 10. Metrics calculated at the level of classes for Neka city

’\:::a (‘:‘T“"'as; PROX_MN PLADJ COHESION Al
(Residential) _isSs 205.91 84.16 96.13 85.10

1382 (Agriculture) s ; sLis 7538.66 96.56 99.58 96.98
(Water)o1 3.96 74.34 82.47 76.37
(Residential) _jsS.s 407.03 87.03 97.08 87.84

1394 (Agriculture) s ; sLis 2206.56 96.21 99.03 96.64
(Water)1 454 71.08 79.00 73.27

RS s (gl ol mlaw 4o suel Cawsay (grassuw -1 Jgaz
Table 11. Metrics calculated at the level of classes for Tonekabon city

Tonekabon Class PROX_MN PLADJ COHESION Al
(Residential)_ssSe 188.32 86.09 97.81 86.91
1385 (Agriculture) s ;,slas 1245.61 94.94 99.41 95.50
(Water)o| 1593.75 98.34 99.74 98.97
(Residential)_ssSuwe 563.97 89.16 98.77 89.84
1394 (Agriculture) s ;,gles 556.09 92.54 98.75 93.15
(Water)o| 2561 98.39 99.76 99.01

il s gl Ol &daw o o..\.oTQ.w.M.g sazww -\Y Jguo
Table 12. Metrics calculated at the level of classes for Babolsar city

bl b PROX_MN PLADJ COHESION Al
babolsar Class

(Residential) sy 3854 98.1 99.3 98.7
1380 (Agriculture)s;,slas 183.4 84.4 97.4 85.3
(Waten)o 3583.1 95.6 99.3 96.1
(Residential) ssSs 379.2 98.1 99.4 98.7
1394 (Agriculture)s;,stes 567.1 87.6 98.5 88.37
(Water)i 960.6 94.3 98.9 94.8

et ey (512 linb ghans )3 ool Cawday razins 1Y Jguz
Table 13. The calculated metrics at the level of classes for Behshahr city

P i PROX_MN PLADJ COHESION Al
Behshahr Class

(Residential) ssSue 380.42 88.35 98.19 89.20
1380 (Forest) JSo 1134.29 95.62 99.30 96.33
(Agriculture) s; ,sles 1895.31 95.50 98.81 90.95
(Residential) ssSue 920.74 90.19 99.13 90.93
1394 (Agriculture) s slas 1145.24 94.77 98.65 95.23
(Forest) <. 943.98 95.46 99.29 96.20
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Table 14. The calculated metrics at the level of classes for Chalos city

oo kb PROX_MN PLADJ COHESION Al
Chalos Class

(Residential) ;s 0 98.9 99.6 99.6

1380 (Agriculture) s sLes 2064.1 94.5 99.3 95
(water)| 938.1 86.9 99 87.6
(Residential) _ssSs 0 98.9 99.6 99.5
1394 (Agriculture)s;,sles 1149.1 93 98.4 93.5
(Water)o! 1440.1 89.1 99.4 89.7

Aol s 51y ol s 50 okl oy Graziuw —10 Jgux

Table 15. The calculated metrics at the level of classes for Ghaemshahr city

Ghaemshahr Class PROX_MN PLADJ COHESION Al
(Residential) jsSs 1507.1 95.7 99.2 96.1
1380 (Agriculture)s; stes 1420.4 90.5 99.2 91.1
(watero! 0.6 80.5 84.4 85.5
(Residentialy_ssSws 1110.7 93.8 99.1 94.2
1394 (Agriculture)s; sLes 1567.5 90.6 99.3 91.1
(WatenoT 0.7 81.5 85.4 85.2
Jol e (512 @l b 50 oal cawday glaaziow — 1 Jgor
Table 16. The calculated metrics at the level of classes for Amol city
AJr‘:Ll éf::s PROX_MN PLADJ COHESION Al
(Residential) ;S 919.4 90.9 99.2 91.4
1380 (Agriculture) s;,stas 1894.1 % 99.2 96.4
1394 (Residential) ;S 1623.3 92.3 99.4 92.9
(Agriculture)s;,stes 1151.9 94.9 99.1 95.3
12 teds (o) Slowas (loazmins abaiie (slo it Cou g
Jglo o ealaiwl b slaools 5JUT 51 o) 8590 B ools Jow

O Need 4 bge mls N DIV oled
o b Gillas .l ools ylid |y yrogh cpl slo st
(Sopd Biae e s cpl cdelcasod
Eaazmo I 3L COz JLasil L ], e Son
G gl 0 J5938 g s (8 slees gl B

(JL ools Jow 5l saslcason el 4 g b

e srosysld sl asl,lel COp L (g ls sme
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oSl (S5,28 558 yieS Al PROX.MN PLADJ
2012) Slidios mlt 0gd oo jidn (S5 drwy
Wang et al. (Fang et al. (2015) [Makido et al.
5 Lee (2014) . Liu and Sweeney (2012) (2017)
Doy opl slaaisl caiSanl 5o Maetal. (2017)

aloyly aS olo ol reeh ol gleaidl .wols ylis
COz el b (s JSCb (6o puitin oy (Sckonsod
Ol a5 o) ezs BSg3lS 5 g Srae 5l (LB6
(2015) Makido et al. (2012) sloamcs L glao
3 Jblie yo .cwwl Wang et al. (2017) 4 Fang et al.
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Table 17. Coefficients estimated from panel data analysis Gasoline

Jo sl paitio
The dependent Coefficient Prop R-square F-statistic Prob (F-statistic) N
Model variable
1 Ln COHESIOM -8.79 0.00 0.23 8.64 0.00 30
2 - Ln Al -3.96 0.00 0.22 8.17 0.00 30
. O €
3 ; s .g Ln PLADJ -3.80 0.00 0.22 8.32 0.00 30
185
4 O©° Ln PROX.MN -0.06 0.04 0.08 2.47 0.01 30
935 co g lp (Bl Joo @l - A Joua
Table 18. Coefficients estimated from panel data analysis Diesel fuel
The dependent Coefficient Prop R-square F-statistic ~ Prob (F-statistic) N
Model variable
1 5 Ln COHESIOM -10.17 0.00 0.08 2.69 0.11 30
2
(5]
2 g = Ln Al -3.86 0.01 0.05 1.49 0.23 30
. o
"i st
2 2
3 g S Ln PLADJ -3.98 0.00 0.05 1.74 0.19 30
o
g
4 (@] Ln PROX.MN -1.3 0.00 0.89 7.75 0.00 30
J9930 9 (3 g Egomo Sl (b Joo @l - 13 Jgu
Table 19. Coefficients estimated from panel data analysis of Gasoline and Diesel fuel
The dependent Coefficient Prop R-square F-statistic Prob (F-statistic) N
Model variable
1 ¥ Ln COHESIOM -12.50 0.00 0.35 15.23 0.00 30
2 3\ Ln Al -5.99 0.00 0.39 18.52 0.00 30
\ c
o
3 Z; Ln PLADJ -5.98 0.00 0.41 19.46 0.00 30
c
o @
g%
4 g— Ln PROX.MN -0.63 0.00 0.99 782.97 0.00 30
o
@)
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Introduction: Global warming is an absolute fact and an inevitable threat to life in the environment.
Considering that urban areas are an important factor in the increase in CO gas emissions, the community needs
to take action to reduce greenhouse gas emissions. Since the increase in the population is responsible for
increasing the demand for housing and the rapid development of activity centres in the suburbs and the rapid
growth of urban areas in Iran, we see the importance of fuel in sustainable development and the important and
potential role of sustainable forms of urban development; the necessity of quantifying the relationship between
the compactness of the urban form and CO; emissions due to fossil fuel consumption is thus released.

Materials and methods: The present study is designed in two phases. In the first phase, the changes of 15
urban forms in Guilan and Mazandaran Provinces are investigated according to the compactness dimension
using landscape metrics (Al, PLADJ, PROXIM, COHESSION). OLI and TM Landsat satellite imagery from
the years 2001 and 2015 was used to provide the urban maps. Also, a supervised classification based on the
maximum likelihood algorithm was used for image classification. Post classification comparison was used for
detection of change. In the second phase, after calculation of CO, emissions the panel data analysis was used
to calculate the relationship between time series variables of CO, emissions and cross-section variables of
landscape metrics.

Results and discussion: The results of the landscape metrics show that, for all the urban forms studied during
the period 1380-1394 (Persian calendar), the compactness in the class level in all urban areas of Guilan
Province except for Bandar Anzali has shown a decreasing trend compared with Mazandaran Province, but an
increasing trend of compactness was observed only in Ramsar, Behshahr and Amol in Mazandaran Province.
Therefore, it can be said that the urban areas of Mazandaran Province are more compact than those of Guilan
Province. According to the results, these four compactness variables (Al, PLADJ, PROXIM, COHESION)
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showed a negative correlation with CO, emissions due to concentrations of gasoline and diesel oil at the urban
class level. Among the metrics used, COHESIOM showed the highest correlations (8.79 and -10.17)) with
carbon dioxide due to gasoline and diesel oil consumption, respectively. According to the results of the panel
data analysis, the increase in the COHESION value of about one percent has caused CO, emissions from
gasoline to decrease by about nine percent, while a one percent increase in the COHESION value caused a
10% reduction in CO emissions from diesel oil. For example, if we consider that the amount of CO, emissions
from gasoline is 133.63 tons CO; per hectare in Amol for 1394 and also, according to the results of the
COHESION metrics which indicate that if the urban compactness increases by one percent CO, emissions will
be reduced by 8.8 percent, a reduction of 11.73 tons per hectare will occur.

Conclusion: In sum, consideration of the urban form in the future planning of the northern cities development
is recommended for creation of low carbon cities in Iran.

Keywords: Compactness dimension, Landscape metrics, Land use, Panel data model.

WAV el oF o e oo 35l 0,9 ¢ Jaors pole aslilad
A



