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Urban expansion and its ecological environmental effects in Bangkok, Thailand
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Abstract: On the basis of Landsat images acquired in 1990, 2000, 2010, and 2015 and MODIS NDVI datasets acquired
from 2010 to 2015, we analyzed urban expansion in Bangkok, including the spatio-temporal characteristics of built-up land ,
ecological-environmental effects (‘including vegetation greenness and land surface temperature ), and the main driving
factors of urban expansion. The results showed that (1) the built-up land areas in Bangkok has expanded continuously since
1990, showing a rapid-slow-rapid change trajectory. Urban expansion occurred mainly in the northeast direction and within
the range of 14—20 km from the city center. The expansion patterns followed infilling pattern and edge-expansion pattern.
(2) Urbanization affected vegetation greenness and heat island. Vegetation greenness declined overall, and a significantly
decreased area was in_the range of 10—20 km from the city center, which was in accordance with the main urban expansion
area. Similarly, the spatial distribution of the heat island was coincident with urban expansion. The heat island increased
overall ; although local variations were less obvious. (3) Geographical conditions, social economy, and city layout were the

main-driving factors in urban expansion.
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Fig.1 Spatio-temporal changes of built-up land in 1990, 2000, 2010 and 2015 in Bangkok
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Table 1 Built-up land areas, proportion and Annual Increase (A7) in 1990, 2000, 2010 and 2015 in Bangkok

WP K545 Urban expansion indicators 1990 2000 2010 2015
AL IX 18 X Built-up land areas/km? 406.12 556.80 689.39 819.71
AR X HLTE Built-up land areas proportion/% 25.96 35.59 44.06 52.39
P33R Annual Increase/ (km?/a) 18.84 13.26 18.62
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Fig.2 Urban built-up land areas and built-up land areas proportion in four sectors
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Fig.3 Annual increase and annual growth rate of built-up land areas in four sectors
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Fig.4 Spatio-temporal change characteristics of urban built-up land areas along urban-rural gradient
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Table 2 The number patches and areas of three expansion patterns
1990—2000 2000—2010 2010—2015
/RSS2 PRSI U] BEERIEARILH] | BESRECERLCH]  BEDREIBRALLH]  BEHBc o) BEHe AR L A1
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A Infilling 47.38 34.03 53.91 45.35 61.74 47.00
1% Edge-expansion 37.28 57.87 36.75 50.56 32.53 47.95
EHLEX Outlying 15.34 8.10 9.34 4.09 5.73 5.05
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Fig.8 Spatial distribution of urban heat island of Bangkok in four periods
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AT 2000,2010,2015 AFEA AL A2 Ak (3R 3) W R BN, & 4 30 T A0 50 0 L3 K, AU A8 1 A Ak v i | 3R
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Table 3 Ratio index of urban heat island for different classes

PIB YL Heat island class 1990 2000 2010 2015
B Non-heat island/ % 50.67 53.57 49.00 46.85
S Weak heat island/% 47.18 37.73 44.85 50.36
B3 Strong heat island/ % 2.15 8.62 6.13 2.78
Wes@ Y Extreme heat island/% 0.00 0.08 0.01 0.00
P Heat island/% 49.33 46.43 51.00 53.15

(1) ASRMBRNE 20 T VR =M IX hE  BE2F T2 25 A9 VR g TR T X 20 AR PR A
BB, VU AN AR TH T X 3T & R G218 5 ik 28 2 AR A2 Tk X HUAE 0 TA R, HIL2 4
AR HLIX A T AL & T B T 63, ARHE Google Earth 5 73R SAR FIA I 5245 1) 22 W AH 1 i 1) FH 2 74 2%
AR (] 9) , S48 A 0 - AR [, I HAAAR O 2, SOk 5K B 255 ), 17 2 45 B S M e 2%
BV, MBI, B T A PR, ST 0 F IR AN

() FSEWHFM RS LU AT Y ik IR S F A SR BT A 11 .GDP F1 A GDP
S 2 G AE bR, 5 T R X T AR AT ARG T (R 3) o A 20 1HE2E 90 AR LR, &4 T T M 588.8
T ETHE) 927.0 J7 34K T 57.44%C 2 % e b BRI 12428 1 B8 IEAH G MO R BN 0.97(R?=0.95) , &
BN B KA 0 T i i FH i 3 K, IRIE S R AT A L R E LT BR K 40% X — 6> a2 s
GDP i 24 A Y GDP B /R, 2 4% GDP M 1990 4R % 2014 4E34K T 374.34% , A3 GDP 3K T
201.32% , S4ATALEH S GDP FAY GDP #R IEHIEE R, A CREU 30 0.96 (R* =0.92) A1 0.95
(R*=0.90) , AI UL, Z8PF K @3k i i b sk 3K 3l 1 2 —

x4 SHBIGMAMERSIREEFHEXE

Table 4  Correlation between built-up land areas and driving force factors in Bangkok

£y ST R T AR ko A/ (x10%) GDP/ (x10* LM HIT) A GDP (#AM3£IT)
Year Urban built-up land areas Urban population GDP (x10®current dollars) ~ GDP per person( current dollars)
1990 406.12 588.84 341.377 5797.40
2000 556.80 636.05 505.57 7948.60
2010 689.39 821.34 1363.69 16603.35
2015 819.71 926.98 1619.30* 17468.47

R? — 0.95 0.92 0.90

B U 3k T L I $0HE R ) United Nations , GDP 0383 EI world Bank ; K 2015 4F GDP %Hi i A& 2 i, HOH 2014 4EA8#s ; * B 2015 4E GDP
R M R O 2014 4R — . TERE

(3) IRy S AT B LUK 5B s fe s O B2 S S UM AL 1) S S Il 1) 1
JESE RAEE X T P R R T A A R R S A 4 R S RBUR ML &5, 2 K R SR i B b
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Fig.10 Case of the influence of traffic on urban expansion
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EM . ASCH I Z 0 41 Landsat H1 MODIS 288X 2 A8 I 97 5K AR SR BE RN E AT 1 0SS 25 R 3R W F
20 20 90 AFACLAAR , @ AR Wiy e B M T AR B2 0 I, 2 1 S D s A T SR KR fE . &4
SR ok S B AR 7 ) A ST i S sk L g UBE O F e ARt AR sk
FEREARLE DR 3, 38 0 10 DX Sl DX S 5 %) i DA 5 A0 A -5 A 8 DX At HA 25 ] —
Bk, BRI BRI TR A A S AT AR AR I A R SR IR T ek B
G

S AT ARARL, BT Ty () B T R ORGE KA ) B MY ok 3 LA Bk A
SBR[ AT IR TR TR, SRR 3 HF b A2 375 e | NTATE G 1 A7 Jig 124272
R TR A ZE TG S % A 98t s AT TR feesim 2 7 3, HAT AN RT3, 2000 5 1) s b A SR
30, A BEA AT L s R DR Bt 4 i B i, PR T A MR R B

SR & e = 5 BRI 77 A T ST D RE X R BL S b 2 FREE G g N T R K A R A
T X S BE [, & A% SR T — RS AOHE I , AnFE S in SN BHIE R 1 B S r, — WA RO R M X R e Tl (14
o BCE B % S 18 %45 5 MMl e 4 ) A R AL Bl gk ah R R R U R i =S 1T
e s 38 R 3 o [ A B 3G 1 2 R LU DI T PR 5 Y 45 . MR ZBORI SIS R, 24830 o iy
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A SR, 373 3 R SE 2R (s D AT B
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