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In the above table, B1 is blue band, B2 is green band, B3 is red band, B4 is near infrared band, B5 is shortwave

infrared (1) and B6 is shortwave infrared (2).
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Fig. 3- Comparison of LST derived from thermal band with LST derived from the surface biophysical parameters
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Table 2. UHI area and their changes in periods and geographic directions (in km?)

Jed G Jed G Gdesr  oEr ofosr of okl
N NE E SE S SW W NW
Sl ol The city
UHI area
1991 3.32 4.51 2.87 6.21 4.03 2.73 3.01 2.34 29.02
2001 5.38 5.73 4.03 6.32 441 4.01 5.77 2.90 38.55
2011 7.21 7.92 5.25 8.33 5.75 4.09 7.10 3.34 48.98
2021 9.37 9.59 6.16 9.45 7.20 4.43 8.49 4.34 59.03
2031 16.08 13.84 9.20 23.83 16.04 7.02 14.74 7.81 108.56
ooy oo lie 65)1)9 ).»l):> u|}.._._r_1 Row total
Observed Changes in UHI area
1991-2001 2.06 1.22 1.16 0.11 0.38 1.27 2.76 0.56 9.53
2001-2011 1.83 2.20 121 2.01 1.33 0.08 1.33 0.43 10.43
2011-2021 2.16 1.67 0.92 1.12 145 0.34 1.39 1.00 10.05
2021-2031 6.71 4.24 3.04 14.38 8.85 2.60 6.25 3.47 49.53
Column total 12.75 9.33 6.33 17.62 12.01 4.29 11.73 5.47 79.54
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Table 3. Expected UHI variations (in km?)

Jled &0 Jled drd Er% o crz Y e oi ok Jles
N NE E SE S SW W NW
1991-2001 1.53 1.12 0.76 211 1.44 0.51 1.40 0.65
2001-2011 1.67 1.22 0.83 231 1.57 0.56 1.54 0.72
2011-2021 1.61 1.18 0.80 2.23 1.52 0.54 1.48 0.69
2021-2031 7.94 5.81 3.94 10.98 7.48 2.67 7.30 3.41

Sl i Slass OBl e a5 aes
[ . .... 45 LSE-EL;-Q 9 l;‘-J Q‘){-ﬁ-.&” vor ps

anBlbee o 1y il a5l iy Sl

Sl ol pliz Slpss Bl az o (e S o ol
5 oddosalie Sy g e Ol auslic 4 pludl

ol Jgoz ol el 0als ools Ll F Jgaz 40 00l

&ro FaghS cuns il 3590 5 00 sl b ()l pliz o IS -F Jgor
Table 4. Difference between observed and expected UHI variations (in km?)

Jled Grd Jlod G G oo ooz ©f e of < et
N NE E SE S SW W NW
1991-2001 0.53 0.10 0.40 -2.00 -1.06 0.76 1.35 -0.09
2001-2011 0.16 0.97 0.38 -0.30 -0.24 -0.48 -0.21 -0.28
2011-2021 0.55 0.49 0.12 -1.11 -0.07 -0.20 -0.09 0.31
2021-2031 -1.24 -1.57 -0.90 341 1.37 -0.08 -1.06 0.06
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Fig. 5- a) the degree-of-freedom of UHI in different time periods and geographic directions; b) The Shannon’s entropy of UHI in
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At-sensor Brightness Temperature

8Cellular automata-Markov chain modelling
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10Chi-square

Shannon’s entropy

2Degree-of-goodness
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Introduction: The urban heat island (UHI) as a climatic effect of urbanization can negatively impact
the flora and fauna involved in urban and suburban ecosystems, the presence of pollutants, air quality, energy
and water consumption, as well as human health and economy. Therefore, spatiotemporal analysis of the urban
heat island changes has been considered an effective approach to understanding the impact of urbanization on
the urban and suburban ecosystem, which also can support sustainable urban development and planning.
Accordingly, this study contributes a novel approach to identifying the trend and predicting the pattern of UHI
changes using statistical analysis, Shannon's entropy and chi-score statistics.

Material and methods: The study area of this research is the city of Rasht and its surroundings, a region
located in the north of Iran. This research was implemented using remote sensing images from 1991 to 2021
that were collected by LANDSAT 5 and 8 with a fixed time interval of 10 years. All images were captured in
the summer. In order to conduct this research in the pre-foresight stage, first, the required preprocessing,
including atmospheric and radiometric corrections applied to the satellite images. Then, the surface biophysical
characteristics of the study area were extracted from the satellite images. In the third step, the land surface
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temperature was computed using satellite images in 2021. In the fourth step, Multivariate linear regression
between surface biophysical characteristics and the land surface temperature in 2021 was applied and then the
cellular automata-Markov chain model was utilized to predict the land surface temperature for 2031. Finally,
the pattern of changes in the urban heat island of Rasht city was investigated using statistical analysis in
different geographic directions and different time periods.

Results and discussion: The results of this study indicate that the highest positive correlation (R=0.89) was
between NDBI and LST. Moreover, the highest negative correlation (R=-0.81) was between the greenness and
LST. Our results also showed that the lowest correlation (R=0.42) was between the brightness and LST. The
predicted LST corresponding to surface biophysical characteristics using a multivariate linear regression model
illustrates the low error of this approach (RMSE=1.33K) in 2021. This means that the predicted values in 2021
are close to the real values, and therefore, this model can be trusted to predict LST in 2031. Statistical analysis
of the patterns of observed and expected changes in UHI clearly illustrated that Rasht urban expansion and
the UHI expansion will consistently continue to increase from 1991 to 2031. However, the expansion rate
changes over time and space. Moreover, these analyses also showed that the UHI of Rasht city has a high
degree of freedom and a high degree of sprawl. Thus, and as a result, its degree of goodness is negative.

Conclusion: The pattern of UHI changes is highly dependent on the pattern of built-up land changes: as a
result, sustainable development, resilience and environmental protection of Rasht requires direct monitoring
and control of the pattern of urban growth, such as preventing changes in built-up areas and agricultural lands
in suburban areas by incorporating a vertical form of development as well as constructing green roofs and walls
and using high-reflectance building materials.

Keywords: Remote sensing data, Cellular automata-Markov chain modeling, Statistical analysis, Urban heat
island (UHI).
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