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1.1 ����  

� ʇ 1 ʅ)/͖Ǹ˦.ɳʂʰǫ-&�(ˣǤ�@**;-͖ǡƘɳʂ-&�(����

D˅�͖ª7) 1 ̠ż-ɮɧ�(ɳʂ�(�"�͖T��o�-̠żȟ˭D˔ǽ�@ƣ

ˍƦ-&�(˕ĆD˅
͗7"͖ȟ˭�g�Dɘ�(T��o�-̠żȟ˭D˔ǽ�@

":-Øɒ̠żıˈ͂g�a�ƣˍ*,@�͖ .g�aDȎʍ�@̸.Ģ͉Ʌ-&�

(Ǥ>�-�@͗ .ƚ͖Ǹ˦.ɳʂɧɤ<ȎƱÜŜ-&�(̊4@͗ 

 

1.2 �J:�b��b3D9�<�	P�  

� ɑİ͖̠ż©ċ�Ø©ċ. 54.5%Dā:@*˕CA(�@(United Nations (2016))͗ɍ-

©ċ� 1000 �©D˻�@Ņ̠ż/�PZfH*Ŕʫ�A͖2017 ƅɑİ)/ 36 ̠ż��

PZfH-â͌�A@͗Ŧǻ͖̞ł�>̠żĶ3.©ċȬ×<̠ż�Ȍ‐�-¶
©ċ

.ļñ) 2͖030ƅ-/̠żĶ©ċ�Ø©ċ. 60%3 �͖>-�PZfH/ 41̠ż3*ļ

Ņ�@*ǊŔ�A@͗�PZfHDŌ:*�@̠ż)/͖̠żĶ.ȟȳ�ĚĨ.ɔĻĺ

=?;͑�,@̠żȳǭøƗ̓�Ģ͉*,%(�@̠͗żȳǭø/̠ż.�Ȍ‐�-=

?ıɒȳǭø*ȝ4(ȟȳ�ǣɐ�͑�(Oke (1967); Oke (1981); Fujibe 2009) Ņ͖ȟȢȁɌ

˶< CO2 .Ǉá̤.ļñ͖ɉ�ɡ,+.©¼3.ÍƎˉŚ͖Ƞ˶Ȣȁ͖ɠƁȟ˭,+D

Ƒ�˺���*�ɶĠ�A(�@(The United States Environmental Protection Agency, 

Rosenfield et al.(1998); Konopacki et al.(2002); Oki et al.(2006); Nakayoshi et al.(2015)) �͗>-

̠żø-¶
©ŸǇɉ.ļñ<Įıèɘ͖Ƞƞɔ.ŀø�̠żȳǭø.ˍĦ*�(ʬ�

>A(�@͗  

� �ǟ)ıɒːȑ)/ C͖O2ʈ.Ǉá̤.ļñ-=?͖Ņȟ.ȳŘõǿ�ļŅ�͖Ņȟ.

ƄĲȟȳ��ǣ�@ıɒȳǭø<ȟÊŀö�ī̸ɤ,Ģ͉*,%(�@͗ A>ıɒȳ

ǭø<ȟÊŀö.ˍĦ*�(͖̠ ż-��@ʛȱȫö/Ɇˑ�@�*�̽�� À͗�0͖

Ņȟ�. CO2-��(͖©Ÿɤ-ɖƱ�A"Ʉʗ. 90%/̠żĶ)Ǉá�A";.)�

@�*�ǂǎ�A(�@(Svirejeva-Hopkins et al. (2004))͗�>-͖ıɒȳǭø<ȟÊŀö



 
 

 2 

�̠żĶ-Ć6�Ɨ̓-&�(;ưƥ�A(�@͗Û¼ɤ-/͖ıɒȳǭø�̠żĶ-

Ć6�Ɨ̓*�(/͖�ɞɤ,ȟȳ�ǣ<ȭ͂�ǣ<ȟÊŀö-=%(ɢɖ�@ɃŚ�

\S�͖�-˸̗¬̉-¹ʧ�@̠żĶ-‐��@�*�ưƥ�A(�@(McCarthy et 

al.(2010); the 5th assessment of the Intergovernmental Panel on Climate Change)͗®�.�*=

?͖ıɒȳǭø*̠żȳǭø.ɳʂD˅
�)/͖�ʭ.Ŕ̤ɤ˜Ã�ƣˍ)�@*˕

�@͗ 

� ���,�>̠żȳǭø*ıɒȳǭø.ɳʂ/ A!A.ǩʃ̪\U���ɠ,@"

:͖ɑİûâ,ɳʂ<˪˦/˅CA(�,�͗ɍ-ȟÊŀö.ǡŎɳʂ)/͖˔ǽ-¿

ɘ�A(�@Øɒ�g�.˔ǽT�di�̠żĶ*ȝ4(ʑ�":͖̠żDûâ-ʬƮ

�"˖ʊ/˅CA(�,� (Vörösmarty et al.(2000); Kalnay et al.(2003); McCarthy et 

al.(2010))͗7"͖̠żȟ˭Ő.ǡŎɳʂ/͖�ʤƌſ-¹ʧ�@Õ̒ī.̠ż-̰>A

(�?͖ȟÊŀö-=@ɃŚ�ưƥ�A(�@ɢŮ̎�ī.̠ż)/ûâ,ɳʂ�˅C

A(�,��*�ǃ�>A@(Roth (2000))͗®�.Ģ͉ɅD˿7�͖Ē̠żDţ˭*�(

Ɯ>A"̠żȟ˭Ő.ɰˏDT��o�-Ů̩� ȫ͖ɘ�@�*(T��o�̠żȟ˭Ő)

�ıɒȳǭøĢ͉D˔ȣ�@�)ȡ:>A͖7"ıɒȳǭø�ūıȟ˭-Ć6�ɩ¥¾

ɘDʬƮ�@ƣˍ��@(Varquez (2016))͗ 

 
1.3 b�*#.�k�
�Jb�G
YFop  

� ̠żȳǭø.˔ǽD˅
ˑɅ*�(͖˒ȴŐɤˑɅ*ǙËïŐɤˑɅ�ǃ�>A@͗

ɍ-˒ȴËDx�\-�"ɳʂ)/͖�@ 1 Ʌ.ŅȟƧĹDćǧ�(�@":͖̠żȳ

ǭø.ɳʂ)/͖˒ȴɅ.ũ,�ɢŮ̎�ī)/˒ȴɅ.Ń�ıĶ*ȝ4(ȠƄǟė.

â˔ʱ�º��*�Ģ͉*,%(�@(Varquez (2016))͗�ǟ)ȟ˭�g�)/ȠƄǟė

.â˔ʱ�͑�͖˒ȴɅ.ǳɆ-ŹĐ�A,��*�>˒ȴȔĤ��ûâ,ıĶ-ţ�

(;ûâ,˔ǽ�ǵƙ�A@͗ 

� ̠żȟ˭Ő.ǡŎɳʂ)/͖ǙË£Ĺ�g�)�@ WRF	ARW(Weather research and 

forecasting–Advanced research WRF) Model Dɘ�"˔ǽ��ɞ�)˅CA(�@

(Salamanca et al. (2001))͗WRF/ NCAR (National Center for Atmospheric Research)͖NS�

z}ŅŐ͖NOAA (the National Oceanic and Atmospheric Administration), FSL (the Forecast 

Systems Laboratory), AFWA (the Air Force Weather Agency), Naval Research Laboratory, FAA 

(the Federal Aviation Administration),+.ɳʂȔ̫<ŅŐ�ÚĕɳʂD̏�(̩ɢ�"͈

Ķȟ˭�g�)�?͖3ȖÔœØįʥ́̀ï�g�)�@(Skamarock et al.(2008))͗WRF

-/̿Ɍɓ�g�͖ıˈ͂�g�͖ŅȟĻɞŰ\Q��͖Ǖť�g�Då:*�@ˋǙ

.Ɍɓ�g�<\Q���ŧ×�A(�?͖�`ȟ˭.˖ʊDčʱ*�(�@͗ 



 
 

 3 

� WRF Dɘ�(̠ż.˖ʊD˅
̸-/ 1) ̠ż.Ll�R�<Ƞ͖ɉĈǒ.˟ʘ,Ɍ

ɓ�g�.ŧ×͖2) ƏɌ.Ʊâ<ƏɌƇ½Dˈ�p���aø�ƣˍ*,@͗ .":

̠żĶ.˖ʊD˅
̢ˍ,Ɍɓ�g�*�( N͖oah Land surface model (Noah LSM)*̠ż

Q�ms��g�(urban canopy model, UCM)�ǃ�>A@͗7�Ɍɓ̖ɽ�g�)�@

Noah LSM/Ⱦɉ<͋ɉ͖ˁ ǘ Ǖ͖ťʈ-=@ıˈ͂*Ņȟ̪-��@Ll�R�Ĉǒ.

˖ʊD˅,%(�@(Pan and Mahrt (1987); Chen et al.(1996); Chen and Dudhia (2001); Ek et 

al.(2003))͗ 

� Ȗ-ƏɌƇ½p���aøD˅
":͖̠ż.ıˈ͂*Ņȟ̪-��@Ll�R�*

̔ö̤˖ʊ�g�)�@ UCM�ɘ�>A@(Kusaka et al.(2001); Martilli (2002); Chen et 

al.(2004))͗ɍ-Ŗİ̠ż)/ɠ,@͑�Dǁ&ƏɌ�Ş‐�(Ŏİ�@ˋ̻,ıƖ)�

?͖ .͑�ʑƌ̨-=?ƏɌ̪DȬA@͍̐ĺ/Ɨ̓DĊ�@�*�ɰ>A(�@͗

 .":ƏɌ.Ƈ½Őp���a/͍̐ĺ.Ǔģ.":-́Ɓ-̢ˍ)�@*˕�@͗

Û¼ɤ-Ƈ½Őp���a/ʃïŐp���a(̔ö̤ʑƌ, _�͂ŀ¹)*ƏɌƖƭp

���a(ƄĲƏɌ͑�͖Ə˃ɐ͖t��a�L�Gg�ZfHʈ)�>ȎƱ�A@

(Grimmond and Oke (1998); Grimmond and Oke (1999); Kanda et al. (2013))͗���,�>ɑ

˅. UCM�ƻ�@Ģ͉*�(͖̠ żĶØ(-Ȑȹɤ�ĕ�,p���a�̚ɘ�A@�

*�ǃ�>A@͗ .":͖̠żƧĹ�>ʊá�"ıˈ͂g�a.Ȏʍ͖ȟ˭�g�3

.ŧ×�͖̠żDţ˭*�@ɳʂD˅
�)ƣˍ)�@*˕�@͗ 

� ıˈ͂g�ax�\D¾Ʊ�"ǡŎɳʂ)/͖˟ʘ, 3 ȖÔ̠żƏɌƧĹDɘ�(Ƈ

½Őp���a.T�di.ƄĲDʊá�@�*-=?¾Ʊ�A"(ɬĽ>(2013); Yucel 

et al.(2016))͗ A>.ıˈ͂g�ax�\DWRF-ŧ×�"˖ʊ)/͖ǢǸ.Ņ̠żD

ȬA@͍̐ĺ.Ǔģ�ˏ>A͖7"Łŏ.ȭ͍ǩ.ȟ˭ĺ<‐�ˮ—ÝɑƦ.ė�3*

ʦ�@�*�ǂǎ�A(�@(�̢>(2009); °̣>(2013); Varquez et al.(2014); Varquez et 

al.(2015))͗ 

 
1.4 �/1&.�Jb�G����YFop<�>�e  

� T��o�-̠żƗ̓DʬƮ�"ȟ˭�g�.˔ǽD˅
-�"?͖Øɒ.ıˈ͂g

�ax�\�ƣˍ�čȕ)�@ ɑ͗İ¿ɘčʱ,g�ax�\D®�-7*:@ ɑ͗İ͖

©ŸǇɉ-&�(/Øɒg�ax�\�Ȏʍ�A(�?͖T��o�-èɘ�@�*�

čʱ)�@(Allen et al.(2011); Lindberg et al.(2013); Dong et al.(2017); Wanming et al.(2017))͗

 .̠żƇ½ƧĹD¾Ʊ�@ǟėƦ*�(Ņ��â�( 2 &.ǟȧ�ǃ�>A@͗®�

-˟ʘDɶ�͗ 

i) ǡŎɳʂĕȏ͖˟ʘ, 3ȖÔƏɌƧĹ�>ɨǉ̠żıˈ͂g�aD¾Ʊ�@ǟȧ 
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ii) ˇǦg�a�>̠żĶDƽá�â͌�͖ıˈ͂g�ax�\Dĥƀɤ-¾Ʊ�@

ǟȧ 

� 7� i).ƴȧ)/͖World Urban Database and Access Portal Tools (WUDAPT)�ǃ�>A

@͗WUDAPT/�ɞ�.ɳʂȔ̫<ŅŐ�Ƴǳ�@ƏɌƧĹDÚǳ�@g�ax�\v

�[KSh)�@(Mills et al.(2015); Ching et al.(2014); Ching et al.(2016)) W͗UDAPT)ǋÁ

�A@ƏɌƧĹ/�x� 0�>�x� 2. A!AıĶ�̠ż\U�� ı͖Ķ\U��͖

ƏɌ\U��. 3 &-â͌�A@͗ɍ-ƏɌ\U��/ 3 ȖÔƏɌg�ax�\DĘ9

g�a*,%(�?͖˟ʘ,̠żıˈ͂g�a.¾Ʊ�ǵƙ�A@͗7"͖«.ƴȧ)

/ LiDAR(Light Detection And Ranging)ȴŔ<ʒŞ,ȴ̤˥Ȃ-=%(Ɯ>A"ƏɌƧĹ

D²ȋ�>˷×͖ɘ�@�*-=?̠żıˈ͂g�a.¾ƱD˅
�*;čʱ)�@

(Rottensteiner et al.(2002))͗ 

� Ȗ- ii).ƴȧDɘ�"ɳʂ*�(/͖͑˔Òƌ.ˇǦ�>̠żƧĹDʊá�@ƴȧ)

�@͗ .ƴȧ.èɅ*�(͖ƏɌƧĹ��ûâ,ıĶ-ţ�(;͑â˔ʱ.ˇǦɝÒ

.ĉƜ�čʱ)�@�*�ǃ�>A@͗À�0͖ɬĽ>(2013)/ˇǦɝÒ�>¾Ʊ�A"

ǙËȐ͑�g�<Ȑ͑g�a͖Google map -ţ�(ɝÒâǽDɘ�@�*-=?ƏɌƧ

Ĺ.ǊŔ-Ʊð�" �͗>- D͖armanto et al. (2017)/͑˔Òƌ.ˇǦɝÒ LandSat=?̠

żo�iDƽá�͖Ǽ§͖ĖČŭ͖[�O�a-��@ƏɌƧĹDĥƀƐ�>ǊŔD˅

�͖ɢŮ̎�ī.̠ż3.̚ɘčʱƦ-&�(;ɶĠ�(�@͗ 

� ���,�> A> 2&.ƴȧ-/��&�.Ģ͉Ʌ�Ę7A@ 7͗� i).ƴȧ-&�

(/͖˟ʘ, 3 ȖÔƏɌƧĹ��-Õ̒ī.̠żĶ-̰>A(�@�*͖7"ȴ̤<

LiDAR ȴŔD˅
":-/͖ʿŅ,˳ɘ�ƣˍ*,@�*�ǃ�>A@͗ .":͖Õ

̒ī-��@ƏɌƇ½ƧĹ*ĕɽƌ.ʒƌ<Ğ˶.ƏɌƇ½ƧĹDɢŮ̎�ī)ĉƜ�

@�*/͖́Ɓ-ħ̽)�@*˕�@͗Ȗ- ii).ƴȧ.Ģ͉Ʌ-&�(/͖ƏɌƧĹ�

ˇǦɝÒ.ʒƌ-ÂŎ�@�*�ǃ�>A@͗ɍ-ɬĽ>.ɳʂ)/͖ʑ�˔ÒƌDǁ

&ˇǦɝÒDɘ�"ƏɌƧĹ.ǊŔ)/͖^�X.ʃ̪â˔ʱ.̰ɞ<tH�aàɓ.

Ɨ̓.":ǊŔ�"ƧĹ/Ŗİ̠ż.ƏɌƧĹ*ȝ̃�(̖Ũ˜Ã�A@͗�ǟ͖̠ż

Ķ.Ȩ̨�>ʊá�@ƴȧ-&�(/͖̜ƺo�i)ǊŔ�@̠żƇ½ƧĹ.ʒƌ�Ņ

Ƃ-ŀC@�*�>͖Ø(.̠ż-&�(�Ŕ.ʒƌ�Ĳ�ƦDÆ˛�@ƏɌƇ½ƧĹ

D¾Ʊ�@":-/�,?.ȩƪ*ǩ̪Dˍ�@͗ 
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Table 1-1. Available global database related to urban studies 

Database Authour 

The large scale urban consumption of energy Model 
v2013a 

Allen et al.(2011); Lindberg et al. (2013) 

Global anthoropogenic heat flux database Dong et al.(2017) 

Global anthoropogenic heat  Wanming et al.(2017) 

World urban database, WUDAPT 
Mills et al.(2015); Ching et al.(2014); Ching 

et al.(2016) 

 
1.5 \op����nm  

� ɢŮ̎�ī-��@˟ʘ,̠żƧĹDĉƜ�@�*/͖́Ɓ-ħ̽)�@�*�æǤ

�"͗���,�>͖ A>.ƏɌƧĹ��ûâ,ıĶ-��(/͖̉ƅ.©ċ.ˀ�

�ļñ<͖ȟÊŀö-¶
�\S�ưƥ�A(�@":͖ A>.̠żƗ̓DɆˑ�@

�*/̽��͗ .":͖ A>.̠żDÜ÷�@Øɒ̠żıˈ͂ƧĹg�a.Ȏʍ�

Õȣ)�@͗�>-͖ȟÊŀö.ɃŚ�\S�ưƥ�A(�@ɢŮ̎�ī.̠ż-��

(͖̠żȳǭø˔ǽD˅�͖ A>.̠ż.ʄı<ȟÊſ.̙�-ɮɧ�͖˔ǽD˅


�*DǱʙɧȐ*�"͗ A>ɧɤD̓˅�@":-͖Ǹ˦)/®�. 3 Ʌ-&�(ɳ

ʂD˅,%"͗ 

• ƏɌƧĹ��ûâ,̠ż-ţ�(;ŋƕ,ʒƌ)ʎǥɤ-̠żıˈ͂ƧĹDǊŔ�

@ʇ 3.ƴȧ.ǋȇ͗ 

• Ǟ��̠żƇ½ƧĹDȟ˭�g�-ŧ×�"˖ʊD˅�͖ǡŎ.̠ż�g�*.ȝ

̃D̏�͖̠żıˈ͂ƧĹ.ǳõƦ-&�(ɵˢ�@�*͗ 

• þG[G*ǼþG[G.�PZfH-��@̠żȳǭøƗ̓.ʝ˖ɤ˔ǽ<Ȋ˗D

˅
�*͗ 

� 3&.ɳʂ.˟ʘD®�-˕Ć�@͗7�Øɒ̠żıˈ͂ƧĹ.Ȏʍ-&�(/͖̠ż

ƖƭƧĹDǊŔ�@ĥƀƐD¾Ʊ�@�*�̢ˍ)�@͗ .":͖Ǹɳʂ)/Õ̒ī

�>ɢŮ̎�ī-��(�Ŕ.ʒƌ�Æ˛�A@Øɒg�a*͖Õ̒ī<ɢŮ̎�ī-

��@ˋǙ.̠żƧĹ�>ƏɌƇ½ƧĹ.ĥƀƐD¾Ʊ�@�*)͖Øɒ̠żıˈ͂Ƨ

Ĺ.ʇ�ǊŔË*�"͗  

�  .ƚǼþG[G.[�O�aDţ˭*�(ǊŔ�"̠żıˈ͂ƧĹDȟ˭�g�

WRF -ŧ×�͖ɑ˅̠ż�g� UCM *.ȝ̃D˅
�*-=?͖̠żĶ.ȟ˭ĺ.Ý

ɑƦ-ɮɧ�̠żıˈ͂ƧĹ.ǳõƦ-&�(˪˦D˅%"͗ 

� �>-͖þG[G*ǼþG[G-��@̠ż.ʄı<ȟÊſ�ɠ,@ 5 &.Ņ̠ż-

��(͖̠żƗ̓DĘE#˖ʊ*̠żƗ̓DĘ7,�˖ʊD˅�͖̠żȳǭøƗ̓.ʝ
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˖ɤ,˔ǽD˝8"͗ 

 

1.6 \�X
`T6I  

� Ǹ˦ǜ.ȎƱ-&�(®�-̊4@͗7�ʇ 2 ʅ�ɓ˦ɤʰǫ	)/͖ȟ˭�g�-

Ü÷�A@̠ż�g�.ˣǤ*͖̠żõǿDȟ˭�g�)ʬƮ�@":-ƣˍ,p��

�a(ƄĲƏɌ͑� Have͖Ə˃ɐ λp͖t��a�L�Gg�ZfH λf).Ŕʫ*ʊáƴȧ-

&�(˕Ć�@͗ʇ 3ʅ)/͖Øɒg�a.Ȏʍƴȧ-&�(̊4@͗ 

� ʇ 4 ʅ*ʇ 5 ʅ)/�2 ̠ż.ƏɌƧĹ�>ĥƀ�"Øɒ̠żıˈ͂g�a.Ȏʍ	͖

�ˋǙ̠ż.ƏɌƧĹ�>ĥƀ�"Øɒ̠żıˈ͂g�a.Ȏʍ	*͉�͖Øɒ̠żı

ˈ͂g�a.ȎʍD˅
͗Û¼ɤ-/͖ʇ 2 ʅ͖ʇ 3 ʅ)ǋɶ�"ʊáƴȧDɘ�(͖

ǢǸ*I\a�u��. 3ȖÔƏɌƧĹ�>ʊá�" Have͖λp͖λf�>ĥƀƐ.¾ƱD˅

,%"(ʇ 4ʅ)͗ʇ 5ʅ)/͖Ǽ§*I\a�u��͖k����S͖[�O�a͖��

{��͖p�͖Ďù.ƏɌƧĹD͖©ċŞƌƁńɁˊȘg�a͖�̍͂ʁɐ͖īÜʠɖ

ɗ.Øɒg�aDɘ�@�*)ĥƀƐ.ŧáD˅,%"͗ .ƚ͖ʊáƐDØɒg�a

-̚ɘ�͖Øɒ.ƏɌƖƭp���a.Ȏʍ-Ʊð�"͗ 

� ʇ 6 ʅ)/�Øɒ̠żıˈ͂g�a.ʒƌȊ˛	*͉�͖ʇ 5 ʅ)Ȏʍ�"Øɒ̠ż

ıˈ͂g�a.ʒƌȊ˛D˅
͗Û¼ɤ-/͖x���͖Z�P|��͖Ņ̮.ƏɌƧ

Ĺ�>ʊá�"Ƈ½p���a*Øɒıˈ͂g�a.ȝ̃D˅�͖ɩ̫̫Å<ʃ̪âŽ

.̙�-&�(˕Ć͖˪˦D˅
͗7"͖37 .�PZfHDţ˭-͖̠żıˈ͂g�a

.ʝ˖̤Dȝ̃Ȋ˗�@͗ 

� ʇ 7ʅ)/ �͖Øɒ̠żıˈ͂g�a.ȟ˭�g�3.̚ɘ	*͉�͖Ȏʍ�"Ø³ıˈ

͂g�aDȟ˭�g�-ŧ×�͖̟ ʊƬƌ.Ȋ˗<̠żȳǭøƗ̓.ȝ͖̝̃ ǽD˅
͗

Û¼ɤ-/Øɒ̠żıˈ͂g�a�>͖ƏɌ.ʑƌ̨<_�͂ŀ¹͖ņʃɐ.ʊáD˅

�͖̠ż�g�-��@ıˈ͂ƧĹ*�(ɘ�@͗7�Øɒ̠żıˈ͂g�a.Ƭƌâ

ǽD˅
":-͖[�O�aDţ˭*�(ıˈ͂g�aDɘ�"˖ʊ*ɑ˅.gtM�

h.̠ż�g�Dɘ�"˖ʊD˅�͖ȟ˭ÝɑƦ.ȝ̃D˅
͗Ȗ-͖þG[G�Ǽþ

G[G.�PZfH)͖ɠ,@ȟÊſ͖̠ż.ʄıDǁ&O�c͖[�O�a͖bdO͖

k��g��͖��oIDţ˭-͖̠żȳǭøƗ̓.˔ǽD˅%"͗ .̸͖Ǹ˦)Ȏ

ʍ�"̠żıˈ͂g�aDɘ�"˖ʊ*͖̠żĶDȉɖ-ŀ�"˖ʊD˅� 2͖&.˖ʊ

.źâDĉ@�*-=?͖̠żȳǭøƗ̓< .�Ok]�-&�(˪˦�@͗ 

� ʇ 8 ʅ)/�ʜ˦	*�(͖ǸɳʂƱǿĆ1͖ɑǩɅ-��@Øɒ̠żıˈ͂g�a

.¿ɘ̰ɞ͖ªƚ.ˤ͉-&�(˘̊�@͗ 
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j�myZ  

 

 

 

2.1 ����  

� ̠ż.˖ʊD˅
":-/͖ȟ˭�g�-ŧ×�A(�@̠ż�g�Dɘ�@�*�

�ʸɤ)�@͗˟ʘ,ƏɌ.Ɨ̓DʬƮ�@":-ƣˍ,p���a*�(͖ƏɌ.͑

�<Ǜı͂ʁ�>ʊá�@�*�čʱ,ƏɌƖƭp���a*͖ƏɌƖƭp���a�

>ʊá�A@ʃïŐp���a�ǃ�>A@͗ 

� Ǹʅ)/͖ƏɌƖƭp���a*ƏɌƖƭp���a. A!A.Ŕʫ-&�(˕Ć

�@͗ 

 

2.2 �J�+%(1*#.  

� ͈Ķȟ˭�g�)/̠żĶ.˖ʊD˅
�g�*�(͖̠żQ�ms��g�(Urban 

Canopy Model, UCM)�ŧ×�A(�@͗1ȖÔ UCM)�@ Single-layer UCM.ɍƠ*�

(͖ƏɌˈ͂Dŭȅ͖͂Ľ͖̗͂˾͂. 3 &-â�͖ A!A.ɉĈǒD˖ʊ�@�*

�ǃ�>A@ ,͗�  ͖. UCMDɘ�@�*-=?®�.̠żõǿ.ʬƮ�čʱ*,@  ͗  

• ƏɌ-=@Ǣ̳.õǿ 

• ƏɌQ�ms�-��@͍̐.ºȲõǿ 

• ƏɌQ�ms�-��@Ǣť<̨ȨǕť.ćťõǿ 

� UCMDȟ˭�g�-ŧ×�"˖ʊʜǿ=?͖̠żĶ-��@ń̪̠żȳǭø.ÝɑƦ

Dɶ�(�@(Kusaka and Kimura (2004); Chen et al.(2011); Kusaka et al.(2012))͗�ǟ)͖ɑ

˅. UCM.Ģ͉Ʌ*�(͖Ø(.̠żĶ-��(�ȏ.ƏɌ͑�͖ƏɌ̷̪D¯Ŕ�(

�@":͖Ŗİ̠ż)/́ɑŖɤ)�@�*�ǃ�>A@͗ 

� ȟ˭�g�)/˟ʘ,̠żƗ̓DʬƮ�@":-ƣˍ,̠żƇ½p���a*�(͖

©ċǇɉ AHE *ņʃɐ SVF͖Ć1ʃïŐp���a)�@̔ö̤ʑƌ z0, _�͂ŀ¹ d

D UCM )ʬƮ�@ƣˍ��@͗Ǹʅ)/ SVF͖z0͖d Ć1ƏɌƖƭp���a-&�(

˕Ć�@͗ 
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Figure 2-1. ̠żıˈ͂-��@Ll�R�Ĉǒȍˍ(Chen et al.(2010)) 

�

2.3 NfOS',)1  

� ̠żõǿD˪˦�@":-ƣˍ, z0* d͖SVF /͖ƏɌƖƭp���aDɘ�(Ŕʫ

�A@͗ .":͖̠żõǿDʬƮ�@˖ʊD˅
-�"?͖ A>p���aDȎƱ

�@ƏɌƖƭp���a.ʊá�ƣˍ)�@̠͗żƖƭp���a/®�. 5 p���

a=?ȎƱ�A(�@͗ 

• ƄĲƏɌ͑� Have 

• Ə˃ɐ λp 

• t��a�L�Gg�ZfH λf 

• ǱŅƏɌ͑� Hmax 

• ƏɌ͑ȐȹÌź σH 

� Hmax, σH-&�(/͖3ȖÔƏɌƧĹ=?͖Have͖λp͖λfDɘ�"®�.ʛ͐Ɛ-=?Ŕ

ʫ�A@(Kanda et al.(2013))͗ 

 

!! = 1.05!!"# − 3.7. (2.1) 

!!"# = 12.51!!!.!! (2.2) 

 

� ®�.�*=?͖̠żƗ̓DʬƮ�"˖ʊD˅
":-/ Have͖λp͖λf. 3p���a

Dŧá�@ƣˍ��@͗ . 3 p���a/ƄĲƏɌ͑�͖˔ǽT�diÜ-ā:@ʠ

ƏɌǛı͂ʁɐ͖˔ǽT�diÜ-ā:@ʠĽ͂ʁɐD A!Aɶ�͗ A>p���

a/®�.Ɛ-=?Ŕʫ�A@͗ 

�

!!"# =
!!ℎ!!
!!!

 (2.3) 
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!! =
!!!
!!

 (2.4) 

!! ! = !!"##
!!

 (2.5) 

 Ai, hi, At, Awall/ A!AƏɌ i-��@Ǜı͂ʁ A, ƏɌ͑� h, Ľ͂ʁ Awall, ˔ǽT�d

i͂ʁ AtDɶ�͗ 

 

� Have/ƏɌ.Ǜı͂ʁ Ai)̢8¬�ƄĲ=?ʊáD˅%"͗�>- λf-��(/͖ʊ

á�@˓ƌ-=?Ľ͂ʁ�ɠ,@": 8͖ǟė.Ľ͂ʁ�>ȡ:" λf.ƄĲDT�diË

*�(ǈɘ�"͗Ǹɳʂ)/͖®�.ƐDɘ�@�*-=?ʊá�"ƏɌƖƭp���

a.ʊáD˔ǽ-¿ɘ�"͗ 

 

 
Figure 2-2. ƄĲƏɌ͑� Have, Ə˃ɐ λp, t��a�L�Gg�ZfH λf.Ŕʫ 

 

2.4 Eqg , SVF 

� ņʃɐ(SVF)/ņʃ.ā:@ʄ¼ƸťɐDˈ�͖ƏɌQ�ms�Ü-��@Ǖťµ̘.

ɽƌDɶ�p���a*�(ɰ>A@ K͗anda et al.(2005)/ Siegel and Howell’s (1972).L

�S��[���g�*Ȥē*ɹə(2003)�ǋȇ�@ 3ȖÔǕť\Q��Dɘ�( ņ͖ʃ

ɐD®�.=
-Ŕʫ�"͗ 

 

!"# = !!"#!!"# (2.6) 

!!"# = !"# !"#!! 2! ! 2 − 4 ! !"#!! !"# !"#!! 2! !  (2.7) 

!!"# = 0.1120!!!!"# − 0.4817!! + 0.0246!!"# + 0.9570. (2.8) 

!
! =

!!
!! 1 − !!

  (2.9) 

 

H* L/ A!AƄĲƏɌ͑�͖̗˾ƂDɶ�(Figure 2-2 (a)DąɈ)͗7" Vloc-&�(/

Ɇ̨̰Q�ms�*͒ɭĩ�¦C@͂ʁDǂ� F͖igure 2-2 (b)-��@ɂʺ.ʌĨ-�"@  ͗  
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Figure 2-3. (a)̠żQ�ms�-��@ƏɌʪ (b) fish-eye)ˏ"ƏɌQ�ms�Ü(Kanda et al.(2005)) 

 

2.5 ʑƌ̨ z0*_�͂ŀ¹ d 

� ͍̐ĺ/ıˈ͂.Ƈ½Őɤʑƌ-=@Ɨ̓DĊ�(Ņ��ŀö�@͗ɍ-ŅȟŒŔƌ

��ʄ.ĺē͖͍̐(U).̦ɨâŽ/ıˈ͂-̉'�-&AţǙë-ƛ�Ȳũ�@͗ .

ţǙë/®�.Ɛ-=%(Ŕʫ�A@͗  

! ! = !∗
! !"

!
!!

 (2.10) 

u*/ˈ͂ǏǑ̐ƌ͖κ /O�}�ŔǙ͖z0/̔ö̤ʑƌDˈ�͗ɍ- κ / 0.4 .Ë*,@

�*�ɰ>A(�@͗ 

� �ǟ)Şƌ�͑�͖ıˈ͂�Ņ�,Ƈ½ŐɤʑƌDǁ&̠żĶ<ȈǾ-��@͍̐ĺ

DʬƮ�@ĺē͖ţǙë/®�.=
-ÈȘ�A@͗ 

! ! = !∗
! !"

! − !
!!

 (2.11) 

d/_�͂ŀ¹)�? Ə͖ʍɌʈ.Ɍ¼-=?Ņȟ-ţ�@͑ƌ� 0.͂�ıˈ͂=?;

�ǟ-¹ʧ�@�*-ţ�@ˊȘ̤Dɶ�͗ 

� Macdonald et al.(1998)-=@* z0* d/®�.=
-Ŕʫ�A@͗ 

 

!
!!"#

= 1 + !!!! !! − 1  (2.12) 

!! !"#
!!"#

= 1 − !
!!"#

!"# − 0.5! !!"!! 1 − !
!!"#

!!
!!.!

 (2.13) 

"#� A, β/ 4.43, 1.0)�@ C͗lb/ƼƹÅǙ κ͖/O�}�ŔǙDˈ�  ͖A!A 1.2, 0.4

.Ë�̚ɘ�A@͗ 

� ���,�>͖�.Ŕʫ/�Ŕ.ƏɌ͑�̡͖äDǁ&ƏɌʪD¯Ŕ�(�@":͖

Ńȏ,ƏɌ͑� Ş͖ƌDǁ&Ŗİ̠ż-/�ė�)�@  ͗.Ģ͉D˔ȣ�@": K͖anda 

et al.(2013)/ˋǙ.ɢŮ̎�ī.̠ż.ƏɌƧĹ* Large Eddy Simulation.˖ʊʜǿDÔ
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- Macdonald et al.(1998). z0* d.ŔʫƐDŖİ̠ż-̚ɘ)�@=
ÈȘD˅%"͗ 

 

!
!!"#

= !!!! + !!!!!! − !! ! (2.14) 

!!
!!(!"#)

= !!!! + !!! + !! (2.15) 

!ℎ!"! ! = !! + !!"#
!!"#

, 0 ≤ ! ≤ 1.0,! = !!!!
!!"#

, 0 ≤ !  

��) a͖0, b0, c0, a1, b1�=1 c1/p���aDˈ�(�? Ë͖/ A!A 1.29, 0.36, -0.17, 

0.71, 20.21, -0.77�̚ɘ�A@. 

 

2.6 ʇ 2ʅ7*:  

� Ǹʅ)/͖ȟ˭�g�)̠ż.Ɨ̓DʬƮ�@̸-ƣˍ,p���a-&�(˕Ć�

" 7͗� ǡ͖Ŏ.̠ż�g� UCM)/ƏɌƗ̓D�ŔË*�(ĉ?ƶ
Ģ͉��@":͖

˟ʘ,ƏɌƧĹ�>ʊá�"̠żp���aDʬƮ�@ƣˍ��@͗ 

� ̠żp���a/ƏɌƖƭp���a*ʃïŐp���a�>ȎƱ�A(�@͗ƏɌ

Ɩƭp���a/ƄĲƏɌ͑� Ə͖˃ɐ t͖��a�L�Gg�ZfH Ǳ͖ŅƏɌ͑�͖

ƏɌ͑ȐȹÌź�>ȎƱ�A(�?͖ƏɌƧĹ�>ɨǉʊá�@�*�čʱ)�@͗�

ǟ)ʃïŐp���a.ʑƌ̨͖_�͂ŀ¹͖7"͖ņʃɐ-&�(/͖ƏɌƖƭp�

��a�>ʊá�A@͗ 
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s 3r  

5i#1 
`uUc  

 

 

 

3.1 ����  

� Ǹʅ)/͖Øɒ̠żıˈ͂g�a.Ȏʍ.ƴȧ<ǟȧ-&�(˕Ć�@͗Øɒ̠żı

ˈ͂g�a.Ȏʍ-�"?͖ƏɌƧĹ�>ʊá�"ƏɌƖƭp���a*Øɒg�aD

¿ɘ�@͗å:-͖Ǹ˦)/ŧáƐ.ʊá-&�(˕Ć�@͗�.ŧáƐ/Øɒg�a

*ƏɌƖƭp���a.̫ÅƐ-=%(Ŕʫ�A@͗ 

 

3.2 5i�J@z�#1 `u
Uc  

� ıˈ͂g�aȎʍ.͇ƊD Figure 3-1ɶ�͗Øɒ̠żıˈ͂g�a.Ȏʍ-�"?͖Ē

ƏɌp���a-��@̫ÅƐ.ŧáD˅
�*�̢ˍ)�@͗ .̫ÅƐ.ŧáD˅


̸/ 1͖) ©ċŞƌ͖ƁńɁ͖Då:*�"èɘčʱ,Øɒg�a* 2) Ē̠ż-��@

ƏɌƧĹDI�vdhg�a*�(ɘ�"͗ 

� 7�Øɒg�a/͖ˇǦg�a�>ǐƗ͖7"ǊŔ�A"©ċg�a<ƁńɁ͖ǱŅ

ȉɖȝɐ,+.èɘčʱ,Øɒg�a<͖World Bank �ǋÁ�@Ēī-��@īÜʠɖ

ɗ.g�aDǂ�͗Ǹ˦)/ .Øɒg�a�>̠żıˈ͂g�aDȎʍ�@�*Dɧ

ɤ*�@͗ 

� Ȗ-͖Øɒg�a�>̠żıˈ͂g�a.ȎʍD˅
̸-Q��u��Z��D˅


":-ƣˍ,g�a*�(͖Ē̠ż-��@ƏɌƧĹ�ǃ�>A@͗ .̠żƧĹ/͖

Ē̠ż)ŖǠ�A" Lidar˒ȴ< G͖oogle mapDŌ:*�"N��I�ıĩ�>ǊŔ�A

" 2 ȖÔ< 3 ȖÔƏɌƧĹDǂ�͗ A>ƏɌƧĹ�>ʇ 2 ʅ)˕Ć�"ƏɌƖƭp�

��a.ŔʫƐ(2.3), (2.4), (2.5)D̚ɘ�͖Øɒg�a.˔Òƌ-Ȧ
=
- Have͖λp͖λf

.ʊáD˅
͗ 

� Øɒg�a�>̠żıˈ͂g�aDȎʍ�@":-͖Øɒg�a*ƏɌƖƭp���

a�>ĥƀƐ.¾ƱD˅
͗ĥƀƐ.ʊáD˅
̸-͖Øɒg�a<ƏɌƖƭp���

a.Ë� 0 Dĉ@T�di/̲�(˖ʊD˅,%(�@͗ .ɓɚ*�(͖ A> 0 .

Ë.T�di�»Ȟ.ũ,�űŲıĶ<ȭųȦ�-‐��(âŽ�(�?͖ A>.ı
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Ķ)/̠ż.Ɨ̓DɆˑ�@�*�čʱ)�@͗ƚ5+͖ĥƀƐD̚ɘ�@̭Ë-&�

(˕ĆD˅
͗�>-ĥƀƐ.ŧá-̸�(/͖Ē̠ż-��@Äŕ�.ʛȱȠȹ.ǂ

ȐDØɒ.īÜʠɖɗ.g�a<īĮ͂ʁ ©͖ċg�a�>ǊŔ� ɘ͖�@�*-=?͖

͑�ʛȱȠȹDǁ&̠ż*º�̠ż.źçøDȴ@�*-Ʊð�"͗ 

� Ȗ-͖żɜǹĶDŔʫ�@̭Ë)�@©ċŞƌ� 100 ©/km2®�.ıĶ-ţ�͖¾Ʊ

�"ĥƀƐDØɒg�a-̚ɘ�͖ĒƏɌƖƭp���a.ØɒâŽDĉƜ�@͗ .

ƚ H͖ave, λp, λf.Øɒg�a-ţ�ʛ͐Ɛ(2.1) (2.1)D̚ɘ� Ə͖ɌƖƭp���a σH, Hmax

.ØɒâŽDȎʍ�@͗ 

� Ǳƚ- Õ͖ɽȎʍ�"ØɒƏɌƖƭp���aâŽ-ţ�Ɛ(2.9), (2.14), (2.15)Dɘ�(

Øɒ. z0, d, SVFâŽ.ŧáD˅
͗ A>Ø(.p���aD̠żıˈ͂g�a*�͖

ȟ˭�g�-Ü÷�A(�@̠ż�g� UCM -��@̠żĶ.ıˈ͂g�a*�(ŧ

×�@͗ .ʜǿ͖ȟ˭�g�)̠żĶ.͑Şƌ͖ʑƌʈ.ƏɌƗ̓DʬƮ�"˖ʊD

˅
�*�čʱ*,@͗ 

 

3.3 s 3r���  

� Ǹʅ)/͖Øɒ̠żıˈ͂g�a.Ȏʍƴȧ-&�(˕Ć�"̠͗żıˈ͂g�a.

Ȏʍ-/Øɒg�a*Øɒg�aDQ��u��Z���@̠żƧĹ�ƣˍ*,?͖ 

A>=?ĒƏɌƖƭp���a.ĥƀƐ.ŧáD˅
ƣˍ��@͗ŧá�A"ĥƀƐ/

©ċŞƌ� 100©/km2®�.T�di-̚ɘ� 7͖" Kanda et al.(2013).ǋȇ�@Ɛ(2.9), 

(2.14), (2.15)Dɘ�@�*-=?Øɒ̠żıˈ͂g�aD¾Ʊ�čʱ*,@͗ 

� ¾Ʊ�A"̠żıˈ͂g�a/ȟ˭�g�-Ü÷�A@̠ż�g� UCM-ŧ×�͖̟

ʊD˅
�*-=?Ø̠ż-��(ƏɌõǿDćǧ�@�*�čʱ,ȟ˭�g�.Ȏʍ

�čʱ*,@͗ 
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Figure 3.1 ɳʂƴȧ.ȬA 

  



 
 

 16 

 

 

 

s 4r  

2�J
NfRB��?K�
5i�J@z�#1 
`u  

 

 

 

4.1 ����  

� Ǹʅ)/͖©ċŞƌ*ƁńɁ.Øɒg�a*ǢǸ*I\a�u��. 2 &.ƏɌƧĹ

�>ĥƀƐDŧá�@�*-=?¾Ʊ�"Øɒ̠żıˈ͂g�a-&�(˕ĆD˅
͗ 

� 2&.̠ż.ƏɌƧĹDɘ�"ıˈ͂g�a.Ȏʍ)/®�.ɅD¯Ŕ�"�) Ø͖ɒ

̠żıˈ͂g�a.ȎʍD˅,%(�@͗  

• ƏɌƖƭp���a< z0, d/ƏɌŜʁ*̫Å�(�?͖©ċŞƌ�Ņ��5+ƏɌ

Ŝʁ�Ņ��,@�*͗ 

• ǢǸ*I\a�u��.ƏɌƖƭp���aĆ1 z0, d-/ıĶź�ˢ:>A,��

*͗ 

ɍ- 2&ɧ.¯Ŕ-&�(/ K͖anda et al. (2013))/G��Oē˄ī<t��\͖��i

�<Ǽ§ʈ.Õ̒ī. 5 ̠ż.ƏɌƖƭp���a.ɩ¥̫Å/ĕ�.ɩ̫Ɛ)ˈɑ)

�@�*Dǂǎ�(�@":͖Ǹɳʂ)/ǢǸ.Ø̠ż*I\a�u��.ƏɌƖƭp

���a.̪-/ıĶź�ɢɖ�,�*ʬ�"͗ñ�(͖ǢǸ*I\a�u��.ƏɌ

Ɩƭp���a.ʛ͐ë�ɢŮ̎�ī-ţ˭-Ů̩)�@�-&�(/˟��˪˦�ƣ

ˍ)�@�͖Ǹʅ-��@Øɒ̠żıˈ͂g�a.ʇ�ǊŔË)/˚Ŝčʱ)�@*ʬ

�"͗ 

 

4.2 NfRB  

 

4-2-1) ǢǸ  

� ǢǸ.ƏɌƧĹ.¾Ʊ-�"?͖ESRI [�p�ȄƐ´ɸ�̡Ž�(�@ ArcGIS g�

aV�SZ��˟ʘıĩ 2012 Dɘ�"(®� ESRI *ˈ˘�@)͗ESRI /ȄƐ´ɸ_��

��ǋÁ�@»őıĩg�ax�\ Zmap-AREA�͖īĮ¦̏ɪīĮıɓ̱͖īĮé¾ū

�¾Ʊ�"ǙËȐ͑�g�*īĮǙËƧĹDÜ÷�" GIS x�\.ƏɌƧĹ)�@͗Ə

Ɍ͑�-&�(/ĒƏɌ.̶Ǚ�˘̄�A(�? 1̶͖ 3m*¯Ŕ�(�@ �͗ǟ) ESRI
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.ƏɌg�a.ˊȘD˅
":͖ȄƐ´ɸQ�i^�a��ǋÁ�@Ǽ§ 23ú. 3ȖÔ

ƏɌƧĹ)�@ MAPCUBE ︎D¿ɘ�"͗MAPCUBE /ʷʃȴ̤< 2 ȖÔ.xSh�ıĩ

ƧĹ͖ʷʃÞɬɝÒg�a=?ƏɌ͑�<ıƖ.ǊŔD˅%(�?͖1m*́Ɓ-͑�˔

Òƌ)ƏɌƧĹDƜ@�*�čʱ)�@͗ 

�  A> 2 ɾ͌.ƏɌƧĹDɘ�@�*-=?͖ǢǸØī.˟ʘƏɌƧĹ.Ȏʍ-Ʊð

�"(ɬĽ>(2013))͗ .ƏɌƧĹ-ţ� 2 ʅ)̊4"ƴȧDɘ�@�*-=?͖˟ʘ,

̠żƧĹ�>ƏɌƖƭp���aD 1km2Ȝ-ʊá�"͗Ǹɳʂ)/͖®�.ƴȧ-=?

ʊá�A"ƏɌƖƭp���aDǢǸ.ƏɌƧĹ*�(ǈɘ�"͗ 

 

4-2-2) I\a�u��  

� I\a�u��/h�VÚĝī-��@ǱŅ.̠ż*�(ɰ>A(�@̠͗ż.ʄı

-ɮɧ�@*��}�ȭ*͕ȭ. 2&.ȭD̷("ȭų̠ż)�@ Y͗ucel et al.(2016)/͖

2005 ƅ.ȴ̤˥Ȃ.ʜǿDÔ-¾Ʊ�A"I\a�u��. 3 ȖÔƏɌƧĹDɘ�(͖ 

1km˔Òƌ)ƏɌƖƭp���a.ʊáD˅%"͗ 

 

4-2-3) ǢǸ*I\a�u��-��@ƏɌƖƭp���a.âŽ  

� Figure 4-1* Figure 4-2-ǢǸ*I\a�u��.ƏɌƧĹ�>ʊá�" 3&.ƏɌƖ

ƭp���a.âŽDɶ�͗7�ǢǸ. Have -ɮɧ�@*͖Ǽ§<Ņ̮ʈ.Ņ̠ż-�

�( 10m͖�>-ĖČŭDĘ:" 3 ̠ż)/ λp* λf� 0.3 *͖ɢŮ�"̠żĶ)/ȠƄ

ǟė�̦ɨǟėÚ-ƏɌƖƭp���a�͑�ËDɶ��*�æǤ�"͗Ȗ-I\a�

u��)/ λ͖p* λf� 0.3D˻�@ıɅ/ȭųȦ�D�Ƣ-Ü̴̟3*Ń�âŽ�(�@

�*�ˏ(ĉA"͗�ǟ)͖Have� 20m ®�.ıĶ/�-ȭųȦ�.8,>�͖Ü̴̟

-âǘ�(Ŏİ�(�"͗ 
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Figure 4-1. ESRIg�a�>ʊá�"ǢǸØī-��@ a) Have, b) λp and c) λf .ʃ̪âŽ 

 

  

Frontal area density, λf �Plane area density, λp �

Average building height, Have [m]�

a)�

b)� c)�
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Figure 4-2. 2005ƅ.˥Ȃ�>ʊá�"I\a�u��-��@ a) Have, b) λp, c) λf .ʃ̪âŽ 

 

  

Average building height, Have [m]�

Plane area density, λp � Frontal area density, λf �

a)�

b)� c)�
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4.3 5i#1  

 

4-3-1) ©ċŞƌƁńɁˊȘg�a (Population density adjusted by DMSP-OLS) 

� Ǹʅ)/͖͑˔Òƌ.T��o�©ċg�aDƁńɁ)ˊȘ�"g�aDØɒg�a

*�(ǈɘ� Ǣ͖Ǹ*I\a�u��.ƏɌƖƭp���a*ĥƀɨʢ.¾ƱD˅%"͗

�.Øɒg�aD¾Ʊ�@-�"? Ø͖ɒ.©ċg�a*�( 1) LandScanTMT��o�

|s���Z��g�ax�\ 2013*ƁńɁg�a*�( 2) Global Radiance Calibrated 

Nighttime LightsDɘ�"͗ .ɓɚ*�(͖ƏɌDå:*�@©ŸɌ�͑�©ċŞƌD

ˠ@̠żĶ.NtH\ˆ<Ÿĺıſ-‐��(Ŏİ�(�@�*�ǃ�>A@͗ 

 

 LandScanTMT��o�|s���Z��g�ax�\ 2013 

� G��Oē˄īLl�R�ɪN�S�d[īʄɳʂƳ�̩ɢ�" LandScanTM T��

o�|s���Z��g�ax�\/ �͖ɞ 195�īD˔Òƌ 30ɼ�dZ�)Oo��

@Øɒ©ċg�a)�@͗Øɒ©ċ.ʊáƐ-&�(/͖Ē̠ż-��@ń̪©ċ*Ǩ

ń©ċDǊŔ�͖ A>.ē˖Ë�> 24ǩ̪ƄĲDȡ:@�*-=?ʊá�(�@͗Ǹ

ɳʂ)/ 2013ƅ.©ċg�aD¿ɘ� ©͖ċg�aDīĮ͂ʁ)î@�*-=?ʊá�

"©ċŞƌDɘ�(˔ǽD˅%"͗ 

� ©ċŞƌ.ʃ̪âŽ-ɮɧ�@*(Figure 3-3)͖�-»őˆ)©ċŞƌ�͑�Ë*,%

(�@�*�ˏ(ĉA@͗�ǟ)͖Ǩń.©ċź�ˀ��ŀø�@NtH\ˆ<͖©ċ

Şƌ/º��Ņ�,ƏɌŜ̤Dǳ�@Ÿĺıſ,+)/©ċŞƌ�ũ,�ǊŔ�A@�

*�â�@͗ 

 

 Global Radiance Calibrated Nighttime Lights, DMSP-OLS 

� ©ċŞƌ/º��͖Ņ�,ƏɌŜʁDǳ�@NtH\ˆ<Ÿĺıſ/Øɒ©ċg�a

.8)/ .Ɨ̓Dˈ��*/�ûâ)�@͗���,�>͖ƏɌƖƭp���a.T

��o�Ů̩-�"?͖ A>.ıĶ-��@ƏɌŜʁDɆˑ�@�*/)�,�͗ 

.":͖ƁńɁDɘ�@�*-=?͖NtH\ˆ<Ÿĺıſ-��@©ċg�a.ˊȘ

D˝8"͗ 

� ƁńɁg�a/;*=?̠żĶ.ıĩ¾Ʊ<Ll�R�ȯ˳DȣŔ�@":-ƣˍ)

�@*˪˦�A(�"(Welch (1980); Welch and Zupko (1980))  ͗.": G͖��OȭȪŅ

ȟƈıɓƧĹ^�a� (the National Oceanic and Atmospheric Administration's National 

Geophysical Data Centre (NOAA/NGDC)))/ȏ�,ˇǦDɘ�"ıˈ͂¬̉.ɔĻ�ka

��T˖ɝ(the Defense Meteorological Satellite Program's, DMSP)� 1992ƅ�> 2013ƅ7)



 
 

 21 

˅CA"͗Ǹɳʂ)/͖Ȩ̨� 0.4 �> 1.1µm )�@čˑ̉˸łʢDǍ̄�"ˇǦ

Operational Linescan System (OLS)-=%(ǐƗ�A" 5km˔Òƌ.ƁńɁDɘ�"(®�͖

DMSP-OLS *˘�)͗Figure 3-3 )/͖̠Ƣ̟)ɍ-Ɣ�ƁńɁDǅ�@�*-Ʊð�(

�@͗ 

� ˊȘ.ǟȧ-&�(/ Ø͖(.̠ż-&�(©ċg�a*ƁńɁ.ʢƖ̫ÅDȎʍ�͖

 ��>Ņ��łA"Ë#�ʢƖ̫Å- @=
-©ċg�aDƟÈȘ�"͗ .̸-

̭Ë*�( 600 ©/km2DØ(.̠ż-̚ɘ��͖ A®�.ËDǁ&ıɅ.ÈȘD˝8

"(Dong et al. (2017))͗ 

 

Figure 4-3. ̫Ǽıǟ-��@ a) ©ċŞƌ, b) ƁńɁ DMSP-OLS, c) ©ċŞƌƁńɁˊȘg�a.ʃ̪âŽ  

Population density adjusted by DMSP-OLS [people/km2]�

Population density [people/km2] � DMSP-OLS�

a)� b)�

c)�
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4.4 5i�Jz�#1 
`u  

� ƏɌƖƭp���a.T��o�Ů̩D˅
":-͖ A!A.ƏɌg�aDT��

o�g�a.˔Òƌ-ēC�(˔ǽD˅%"͗Û¼ɤ-/͖Ē̠ż-��@ƏɌƖƭp

���a* .T�di-�"@T��o�g�a.ËDƽá�͖ A!A.ĥƀƐD

ȡ:"͗Figure 4-4 -ǢǸ*I\a�u��-��@ĒƏɌƖƭp���a*©ċŞƌ

DMSP-OLS ˊȘg�a.ɩ̫ĩDɶ�͗�@* 2 ̠ż̪.ƏɌƖƭp���a/�@ɽ

ƌ�ʵ�(�@�*�â�%"͗Ēp���a*Øɒg�a.̫ÅƐ-&�(/®�)

˟��˪˦D˅
͗  

 

4-4-1) ƄĲƏɌ͑�  Have 

� 2̠ż-��@ Have/©ċŞƌ DMSP-OLSˊȘg�a-ţ�(ʢƖɤ-âŽ�(�@

�*�â�@͗ɍ-ǢǸ-��(/͖©ċŞƌ�ļñ�@-&A( Have;͑�ļñ�(

�?͖Ș.ɩ̫̫Å�ˏ(ĉA@͗�ǟ)I\a�u��)/ H͖ave/©ċŞƌ-ÂŎ�

�Ɓ-�ŔËDĉ@�*�â�%"͗ .ɓɚ*�(͖�ʸɤ-©ċŞƌ�͑�͖7"

ƁńɁ�Ɣ�̠Ƣ<NtH\ˆ)/�̂ś*ȝ4͑Űr�<͑Ű}�Z���Ń�Ə˙

�A@�*�ǃ�>A@͗���,�>©ċŞƌ�º�͖ƁńɁ;ƒ�ıĶ. Have�©

ċŞƌ<ƁńɁ.͑�ıĶ. Have*ȝ4(͑�ËDɶ�ıɅ;��&�ˏĊ�>A"͗

ɍ-I\a�u��)/͖̉ƅ)/͑Űr��ʄ$�2ıú��@�͖ A>.ıú/

ȚďɤƏ̑Ɍ�Ń�ȭųȦ��>̼A"ıĶ�5*E+)�@͗�>-͖ȭųȦ�.ı

ú)Č��>NtH\ˆ*�(ɢŮ�(�" Eminönü < Besiktas )/ǫ˒Æ˫.˒Ʌ�

> 1970ƅ­�>­�˙�>A(�"ƏɌ͑�ḛ́ȧ.Ô-ƏɌ�Ə˙�A(�"  ͗.

":͖ȚďɤƏ̑ɌDĘ9 Have�ǢǸ.NtH\ˆ.ƏɌ. Have*ȝ4(º�͖Ū�&

ƁńɁ-ÂŎ�,��*�ʬ�>A@͗ 

� ®�. 2̠ż.ǃö�>͖Have/©ċŞƌ DMSP-OLSDɘ�(®�.Ɛ)ˈ��*�

čʱ)�@͗ 

 

!!"# = 0.0002×!"#$%&'(") !"#$%&' !"#$%&'" !" !"#$_!"# + 6.1773 (4.1) 

  

4-4-2) Ə˃ɐ  λp 

� λp* λf-��(/©ċŞƌ DMSP-OLS-ţ�(+$>;¸"=
,ǃö�ˏ>A"͗

7� λp-ɮɧ�@*͖2̠ż-��(+$>;�@©ċŞƌ7)/ʢƖɤ- λp�ļñ�

(�?͖0.36-̘�"ƚ/�ŔËD*@�*�æǤ�"͗ .ɓɚ*�(͖©ċŞƌ�

ļñ�@-&A(»őˆ<r�ˆ�Ə˙�A@":ȠƄǟė-̠ż�ǀŅ�ƏɌŞƌ�
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͑�,@͗���,�>�Ŕ.ƏɌŞƌ®�)/͖ɢŮ�"̠ż)/͖ƏɌDƏ˙�@

�*�ħ̽)�@":͖�ŔËDĉ?͖ªƌ/̦ɨǟė-ƏɌ�ǀŅ�(���*�ʬ

�>A@͗ A>.Ɨ̓Dñě�͖λp/®�.Ɛ)ˈ��*�čʱ*,@͗ 

 

!! = 2.0×10!!×!"#$%&'(") !"#$%&' !"#$%&'" !" !"#$_!"# + 0.035 
(4.2) 

(!"#$%&'(") !"#$%&' !"#$%&'" !" !"#$_!"# ≤ 14160.175) 
!! = 0.36 (!"#!"#$%&' !"#$%&' !"#$%&'" !" !"#$_!"# > 14160.175) (4.3) 

 

4-4-3) t��a�L�Gg�ZfH  λf 

� λf/ÿ¹͂ʁ�"?.ƏɌ.Ľ͂ʁɐDɶ�(�@": Ə͖Ɍ.ȠƄǟė.8,>�̦

ɨǟė-��@̠żĶǀŅ-&�(;ʬƮ�@�*�čʱ)�@ 2̠͗ż-��@ λf.̫

ÅƦ-&�(/Õɽ. λp*ĕȏ)�?͖©ċŞƌ� 11636.177©/km27)/ λf.ʢƖļ

ñ�ˏ>A"͗ .ƚ͖ǢǸ. λf/̠żĶ.̦ɨǟė3.ǀŅ.":͖ʣ<�,ʢƖļ

ñ�@�*�æǤ�"͗�ǟ)I\a�u��-&�(/Õ̊.Əʍːéȧ-=? λf.

Ë�©ċŞƌ.͑�̠żĶ)âǘ�(Ŏİ�(�@�*�â�%"͗ 

�  A>.̫ÅƦ�>͖λf/®�.Ɛ)ˈ��*�čʱ)�@͗ 

 

!! = 3.0×10!!×!"#$%&'(") !"#$%&' !"#$%&'" !" !"#$_!"# + 0.0285 
(4.4) 

(!"#$%&'(") !"#$%&' !"#$%&'" !" !"#$_!"# ≤ 11636.177  
!! = 0.33 (!"#$%&'(") !"#$%&' !"#$%&'" !" !"#$_!"# > 11636.177) (4.5) 

 

 

 
Figure 4-4. ĒƏɌƖƭp���a*©ċŞƌƁńɁˊȘg�a-��@ĥƀƐ (a) Have, b) λp, c) λf) 

 

Population density adjusted by DMSP-
OLS [people/km2]�

Population density adjusted by DMSP-
OLS [people/km2]�

Population density adjusted by DMSP-
OLS [people/km2]�

×104� ×104�

a)� b)� c)�

H
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e [

m
]�

λ p
�

λ f�
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4-4-4) Øɒ̠żıˈ͂g�a.ʃ̪âŽ  

� Ɛ(4.1)~(4.5)DØɒg�a)�@©ċŞƌƁńɁˊȘg�a-̚ɘ�@�*-=?͖

Have, λp, λf.Øɒ̠żâŽ.ȎʍD˅%"͗ A!A.ƏɌƖƭp���a.ØɒâŽD

Figure 4-5-ɶ�͗�@*Ø(.ƏɌƖƭp���a-��(͖©ċŞƌ.͑�Ņ̠ż)

/Ě̇˧ī*ȝ̃�(;͑�ËDɶ�(�@�*�ˏ(ĉA@͗ɍ-͑�©ċŞƌDˠ

@�ī<I�i)/͖īĮ͂ʁ.Ņ̟â�͑�ËDɶ��*�â�%"͗®�.�*=

?͖©ċŞƌ�͑�̠ż)/͑Űr��͑Şƌ)Ŏİ�(�@�*Dˈ�âŽ*,%(

�@*˕�@͗ 

� Ȗ-ĒƏɌƖƭp���a.ʃ̪âŽ-ɮɧ�@͗7� Have-&�(/͖Ø(.ī-

��(ʕ 7.5m�> 10m.ʌĨ)âŽ�@�*�æǤ�" λ͗p< λf-&�(/͖5*E+

.ıĶ-��( λp/�Ŕ.ËD*@�*�â�@�͖ɍ-k��g��<͖o�VS͖

Ǽ§,+ɍ-©ċŞƌ�͑�Ņ̠ż-��(/ 0.15D˻�@͑�ËDɶ�(�?͖«.

©ċŞƌ.º�̠ż<żɜǹ*ȝ4(͑�ËDɶ��*�æǤ�"͗ 

� ®�.�*=?͖Ǹʅ)Ȏʍ�"ʎǥɤ,ƴȧDɘ�(¾Ʊ�"Øɒ̠żıˈ͂g�

a)/�@�͖̠żø.Ɨ̓Dćǧ�@�*-Ʊð�"�*�â�%"͗���,�>

Ȏʍ�"̠żıˈ͂g�a/Ē̠ż.ʛȱȠȹ<īĮ͂ʁ,+.˟ʘ,Ǻ±DʬƮ�(

�,�":͖Ø(.̠ż-ĕ�,Ɛ�̚ɘ�A(�@�*�Ģ͉Ʌ*�(ǃ�>A@͗ 

 

4.5 s 4r���  

� Ǹʅ)/͖©ċŞƌ͖ƁńɁ DMSP-OLS.Øɒg�a͖7"ǢǸ͖h�V�I\a�

u��.ƏɌƧĹ�>ʊá�"ƏɌƖƭp���aDɘ�(ĥƀƐ.¾ƱD˅%"͗ 

�  .ʜǿ H͖ave-&�(/ ©͖ċŞƌ�͑�NtH\ˆ<»őˆ)ƏɌ͑��͑�,@

�*D¯Ŕ�@*͖ĥƀƐ/Øɒg�a. 1Ȗ̫Ǚ*�(ˈ��*�čʱ)�@�*�

â�%"͗λp* λf-&�(/©ċŞƌ.ļñ-=?ʢƖɤ-ļñ�@��@̭ËD˻�

@*�ŔËDĉ@":͖̭ËD˙Ŕ�( 1Ȗ̫ǙD¯Ŕ�"͗ 

�  .ƚ͖ĥƀƐDØɒg�a-̚ɘ�@�*-=?͖Øɒ.ƏɌƖƭp���aâŽ

DȎʍ�"͗ A>ØɒâŽ)/͖©ċŞƌ.͑�ī<̠ż-��(ĚĨ.Ë=?͑�

ËDɶ��*�æǤ�͖ʎǥɤ,ƴȧ)/�@�̠żøDćǧ�@�*-Ʊð�"͗ 
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Figure 4-5. a) Have, b) λp, c) λf-��@Øɒ̠żıˈ͂g�aâŽ  

a)�

b)�

c)�

Average building height [m]�

Frontal area density�

Plane area density�
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s 5r  

{W�J
NfRB��?K�
5i�J@z�#1 
`u  

 

 

 

5.1 ����  

� íʅ)/©ċŞƌ*ƁńɁ.Øɒg�a*͖ǢǸ*I\a�u��. 2 ̠ż. 3 ȖÔ

ƏɌg�ax�\�>¾Ʊ�"ĥƀƐDØɒg�a-̚ɘ�@�*-=?͖Øɒ̠żı

ˈ͂g�a.¾ƱD˅%"͗���,�>͖¾Ʊ�"ıˈ͂g�ax�\-/͖®�.

Ģ͉DÜ÷�(�@͗ 

� 7�͖G[GĬ.̠ż.=
-ƏɌ�͑Şƌ)Ŏİ�(�@ĺē*͖���dpĬ.

̠ż.=
-ºŞƌ-Ŏİ�(�@ĺē)/͖¥�-ɠ,@̠żƖƭ)�@�*͗ .

":͖ǊŔ�"ƏɌp���a.̫ÅƐDɍƠ.ɠ,@̠żĶ-T��o�-̚ɘ�@

�*/̽��͗Ȗ-͖ƏɌƧĹ.8,>�T��o�g�ax�\-&�(;ɍƠ.ɠ

,@̠żDʬƮ�@-ƕ"?͖©ċŞƌ<ƁńɁ®ł.Øɒg�a-;ɮɧ�(˔ǽ�

@ƣˍ��@͗ 

� ®�.Ģ͉*˿7�͖ǢǸ<I\a�u��®ł.Õ̒ī<ɢŮ̎�ī.Ņ̠ż.Ə

ɌƧĹ<Øɒg�a;ʬƮ�͖˟ʘ,̠żıˈ͂g�a.ǚÏD˅
�*�Õȣ)�@͗

 .":Ǹʅ)/Øɒg�a*�( ©͖ċg�a* DMSP-OLS=?;͑˔Òƌ.ƁńɁ͖

�̍͂ʁɐ͖ǱŅȉɖȝɐ͖īÜʠɖɗDǞ��ǈɘ�@͗�>-͖ƏɌƧĹ-��(

/ǢǸ*I\a�u��-ñ�͖Ǟ��ȟÊſ<ʄıǺ±.ɠ,@k����S͖[�

O�a͖��{��͖p�͖ĎùDĘE#˖ 8 ̠ż.ƏɌƧĹDǞ��¿ɘ�͖˟ʘ,

ĥƀƐ.Ȏʍ<Øɒ̠żıˈ͂g�a.¾Ʊ-&�(˕Ć�@͗ 

 

5.2 =�J����NfRB   

� 7�͖Table 5-1 -Ē̠ż-��@ȟÊſ͖ƏɌƧĹ͖ƏɌƖƭp���aDʊá�"

ƚ.T�diǙDɶ�͗Ǽ§͖I\a�u��͖k����S͖[�O�a͖��{�

�͖Ďù. 7 ̠ż/ȭųȦ�-¹ʧ�@̠ż)�?͖p�-&�(/ȝ̃ɤÜ̴̟-¹

ʧ�@̠ż)�@͗7"ȟÊſ-ɮɧ�@*͖Ǽ§<k����S͖Ďù/ȳǭȷȿȟ

Ê)�?͖��{��<p�/ˌųȭȪƦȟÊ͖[�O�a/ɉſ��\��ȟÊ-ů�
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(�@�*�â�@͗"#�I\a�u��-&�(/͖2&.ȭ-Ĩ7A(�@Ɨ̓�> 3

&.ȟÊſ-â͌�A@͗T�diǙ/͖̠żĶ.Ņ��<ɘ�"ƏɌƧĹ.ʌĨ-ÂŎ

�(ŀø�@͗®�-Ē̠ż-��@ƏɌƧĹ-&�(̊4@͗ 

 

5-2-1) Ǽ§Ć1I\a�u��  

� íʅ)/ǢǸØī.ƏɌƧĹDţ˭-˔ǽD˅,%(�"�͖Ǹʅ)/ǢǸ.Ņ̠ż

)�@Ǽ§̠.ƏɌƧĹ.8DØīƏɌƧĹ=?ƽá�͖˔ǽ-ɘ�"͗�ǟI\a�

u��.ƏɌƧĹ-&�(/íʅ-Ƒ�ʞ�ĕ�ƏɌƧĹ�>ʊá�"ƏɌƖƭp��

�aD¿ɘ�(�@͗ 

 

5-2-2) k����S  

� k����S.ƏɌg�a/ National Urban Database and Access Portal Tool (NUDAPT)

�ǋÁ�(�@ 3ȖÔƏɌƧĹDɘ�"(Burian et al. (2007); Ching et al. (2007))  ͗ NUDAPT

/���h^�Z�TDɘ�"ƏɌƧĹ.˖ȴD˅,%(�?͖ɑİʏī. 33̠ż-�

�(ƏɌƧĹDèɘ�@�*�čʱ*,%(�@͗ɑİ͖NUDAPT )/Ņ��â�( 1) 

ŖȴË)�@’Original data’͖2) 3ȖÔƏɌg�a�>ɖƱ�A"’Derived data’. 2ɾ͌-

â͌�A@͗7� 1). Original data)/͖ƏɌ͑�<Ǩń.©ċg�a͖ȉɖ͖ıˈ͂ȳ

ƌ͖Ǖť̤ʈ.˟ʘ,g�a�Ę7A(�@͗Ȗ. Derived data/ 1).ŖȴË.ʜǿ�>

̠żp���a.ʊáD˅%"ñŸg�a) ȟ͖˭�g�Ü. UCM.I�vdhg�a

*�(¿ɘ�@�*�čʱ,g�aDǂ� Ǹ͗ɳʂ)/ 2). Derived data�ǳ�@k��

��S.̠żp���aD 1km˔Òƌ)ƽá�͖˔ǽ-ɘ�"͗ 

 

5-2-3) [�O�a  

� [�O�a.ƏɌƧĹ-��@͑�ƧĹ-&�(/ Digital Globe �ǋÁ�(�@͑˔

Òƌ.ˇǦɝÒ�>ǊŔ�" 3ȖÔƏɌg�aD¿ɘ�@(Figure 5-2) D͗igital Globe/ 1) 

1998.ƏɌ͑�DĘ9g�a* 2) ǙËˈŰ�g�(DSM)*ǙËȐ͑�g�(DEM).g�

aDǋÁ�(�@͗DSM /ıˈ͂* .�-�@ƏɌ<ȒǶDĘ9Ɍ¼ˈ͂.Ȑ͑�>

,@ 3ȖÔg�a͖DEM/͖ƏɌ<ȒǶDĘ7,�ʖʐ,ıˈ͂Ȑ͑�>,@ 3ȖÔg

�aDǂ� 1͗)-��@ƏɌ-ţ�(/ƏɌƧĹ�ɶ�͑�D .77ǈɘ�" �͗>-

 A®ł.ƏɌƧĹDĘ7,�ƏɌ-ţ�(/͖DSM �> DEM .źâDĉ?͖ AD

ƏɌ͑�*�"͗DSM * DEM .źâ�>ȡ:>A"ƏɌ͑�ƧĹ/oIG\DĘE)

�@�*�ǂǎ�A(�@":(ɬĽ>(2015))͖ .g�a.ˊȘD˅
ƣˍ��@͗ 

� Ǹ˦)/͖LiDAR˒ȴ�>Ɯ>A" Digital Globe.g�a*ɑı)ŖǠ�"n�gH
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� � Y � ˒ ȴ ͖ The Skyscraper Center(http://www.skyscrapercenter.com/city/jakarta) <

EMPORIS.XIh�>Ɯ>A"͑Űr�.ƏɌ͑�. 3&.g�aDɘ�(ˊȘD˅%

" ɍ͗-ƏɌ͑�� 15m®�.ıĶ)/ D͖igital Globe.g�a* Skyscraper E͖MPORIS

.XIh͖ɑı)ŖǠ�"n�gH��Y�˒ȴDɘ�(X�v��TˊȘD˅%"͗  

� Ȗ-ƏɌ.ǛıƧĹ-&�(/͖Google map< Open street map�>ƏɌ.Ǜı͂ʁD

ƽá�͖ .ƚ ArcGISDɘ�(ƏɌǛıg�aD shapetFI�*�(ÆŎ�"͗ .

ƚ͖Ǜı͂ʁ-ƏɌ͑�ƧĹDâ̡�@�*-=?[�O�a.̠żƧĹ.ȎʍD˅%

"͗ 

� ƏɌƖƭp���a.ʊá/͖Øɒg�a.T�diȜ- shapetFI�Dâî�͖ 

A!A.T�di-��( Have͖λp͖λf.ʊáD˅,%"͗ 

 

5-2-4) ��{��  

� ��{��.ƏɌƧĹ/ City of Melbourne�ǋÁ�@N�v�g�a)�@Melbourne 

DataD¿ɘ�" M͗elbourne Data/ shapetFI�ƖƐ)��{��-��@Ø(.ƏɌ

-��@Įıāǳ͂ʁ͖ƏɌ͑�͖Ə˙ƅ<̶ŰƧĹDĘE#ƏɌƧĹ)�@͗7"

Melbourne Data/ 2014ƅ-¾Ʊ�A"ƧĹ)�? ɑ͖İ®�. website�>bJ���i

�èɘ�@�*�čʱ)�@:  
https://data.melbourne.vic.gov.au/Property-Planning/Building-outlines-2014/qe9w-cym8/data͗ 

� Melbourne Data �>ƏɌƖƭp���a.ʊáƴȧ-&�(/͖[�O�a*ĕȏ

ArcGISDɘ�( 1km˔Òƌ)˅%"(Figure 5-3)͗ 

 

4-2-5) p�Ć1Ďù  

� p�*Ďù.ƏɌƧĹ-&�(/͖ˇǦg�a�>ǐƗ�A"ıĩƧĹ�>Įıāǳ

͂ʁDƽá�͖λp .ʊáD˅,%"͗¿ɘ�"ˇǦg�a/N�v�ıĩg�a)�@

Google map)�@͗λp.ʊáƴȧD®�-̊4@͗ 

� Google map-/ıĩ�I�*�(͖ıĩ͖ʷʃÞɬ͖ıƖ�I�. 3&��@͗ .

Ü.ıĩ*ʷʃÞɬ�I�/͖̗˾<ƏɌ.¹ʧƧĹDǋÁ�(�@͗ .": G͖oogle 

map DƏɌ�&�&�˔Ò)�@Ņ��-ã?â�͖ArcGIS * QGIS .I��[ñŸD

ɘ�(ƏɌ. building footprint.ƽáD˅,%"͗ .ƚƽá�A" footprintDʚ8ēC

�@�*-=?͖building footprint mapDǞ"-¾Ʊ�͖T��o�g�a*ĕ�T�d

i-ã?â� λp.ʊáD˅%"͗ 
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Table 5-1. Ǽ§͖I\a�u��͖k����S͖[�O�a͖��{��͖p�͖Ďù-��@ 

ȟÊſ�=1ƏɌƧĹ 

Cities Climate classification Building data Based Year Number of grids 
Tokyo ȳǭȷȿȟÊ(Cfa) ArcGIS 2005, 2012 9956 

Istanbul 
ı�ȭƦȟÊ(Csa), 
ȳǭȷȿȟÊ(Cfa), 
ˌųȭȪƦȟÊ(Cfb) 

2005 Survey 2005 1136 

New York ȳǭȷȿȟÊ(Cfa) NUDAPT 2010 992 

Jakarta ɉſ��\��ȟÊ(Am) Digital Globe 2015 67 

Melbourne ˌųȭȪƦȟÊ(Cfb) Melbourne Data 2014 65 

Paris ˌųȭȪƦȟÊ(Cfb) Google map 2015 104 

Taipei ȳǭȷȿȟÊ(Cfa) Google map 2015 92 

 

 

 
Figure 5-1. National Urban Database and Access Portal Tool-=@ƏɌƧĹ¾Ʊƴȧ(Ching et al. (2007)) 
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Figure 5-2. Lidar˒ȴ< Google mapʈ�>ǊŔ�"[�O�a-��@ƏɌƧĹ.ʃ̪âŽ 

 

 
Figure 5-3. ��{��-��@ƏɌƧĹ.ʃ̪âŽ 

 

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics,
CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community

Legend

mel_20171019.tif

Value
High : 298.82

Low : 0.05
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Figure 5-4. Google map�>ƏɌ. λpDʊá�@ǟȧ 
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5.3 5i#1  

 

5-3-1) ©ċŞƌƁńɁˊȘg�a (Population density adjusted by VIIRS) 

� íʅ)/͖©ċŞƌDƁńɁ DMSP-OLS)ˊȘ�"g�aDØɒg�a*�(¿ɘ�

"͗���,�>͖ .Øɒg�a-/®�.Ģ͉DĘE)�@͗ 

1) ƁńɁ.˔Òƌ.ʑ�-=@ blooming effect 

2) �ȏ,̭Ë)/Ø̠ż.©ċg�aDˊȘ�@�*�ħ̽)�@*�
Ģ͉ 

� 7� 1).Ģ͉-&�(/͖DMSP-OLS )ǐƗ�A"ˇǦɝÒ.˔Òƌ� 5km *ʑ�͖

̠żĶ.Ɣ�ƁńɁ�ɦŬ<Ǥȥɹř,+Ǹǻ)�A0ƁńɁ�º�ıĶ-Ɨ̓�(͖

 A>.ıĶ);͑�Ë-,%(�@�*�ǃ�>A@͗DMSP-OLS D¿ɘ�@®�͖

 . blooming effectD̲Ą�@�*/ħ̽)�@*ʬ�͖Ǹʅ)/Ǟ"- Visible Infrared 

Imaging Radiometer Suite (VIIRS)D ©͖ċg�aDˊȘ�@ƁńɁ*�(ǈɘ�"(Xie et al. 

(2014); Elvidge et al. (2017)) V͗IIRS/ 2014ƅ�> NOAA-=%(̔ɘ�̩Ō�A"ˇǦ

)͖ȠƄâ˔ʱ� 742m * DMSP-OLS . 5km *ȝ4́Ɓ-͑��*͖�>-̠żĶ.

blooming effect D 0.06 .̭Ë-=%(̲Ą�@�*�čʱ)�@�*�ɍƠ*�(ǃ�

>A@(Figure 5-2) D͗MSP-OLS* VIIRS.˟ʘ,̙�-&�(/ Table 5-2DąɈ.�*  ͗

� Ȗ. 2)-ǃ�(�@Ģ͉Ʌ/͖DMSP-OLSD¿ɘ�"̸-Ø(.̠ż-ĕ�̭Ë�̚

ɘ�A@�*-=?͖©ċ�ũ,�ıĶ<ƁńɁƔƌ�ƒ�ıĶ-ţ�(©ċ.ˊȘ�

˅CA,�%"�*)�@͗ .Ģ͉ɅD˿7�͖Ǹʅ)/̠żȜ-̭ËDʊá�˙Ŕ

�͖Øɒ-̚ɘ�"͗Û¼ɤ,ƴȧ-&�(®�-̊4@͗ 

� Ǹɳʂ)/ 2014 ƅ�> 2015 ƅ.Ēǲ.ƁńɁg�a.G�X�u�ƄĲËDȡ:͖

VIIRS ƁńɁg�a*�(ɘ�"͗ .ƚĒ˅ǖú-��(©ċŞƌDʊá�͖25 p�

^�aI�.©ċŞƌ-ţ�( VIIRS-=@ˊȘD˅
=
ÈȘ�"(Figure 5-5)͗ 

 
Figure 5-5. ̫Ǽıǟ-��@ƁńɁ a) DMSP-OLS* b) VIIRS.ʃ̪âŽ

a)� b)�
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Table 5-2. ƁńɁ DMSP-OLS * SNPP-VIIRS.Ʀʱ.̙� 

 DMSP-OLS SNPP-VIIRS 

Operator U.S. Air Force NASA-NOAA 

Orbit 
Polar: 850km altitude, 98.8 

degree inclination, 102 minutes 

Polar: 827km altitude, 98.7 

degree inclination, 102 minutes 

Swath 3000km 3000km 

Nighttime overpass ~19:30 ~01:30 

Additional spectral bands Thermal infrared (10µm) 
21 additional bands spanning 

0.4 to 13µm 

Spatial resolution 5 km × 5 km at nadir 742 m × 742 m at nadir 

Quantization 6 bit 14 bit 

Low light imaging detection 

limit 
~5 × 10-10 Watts/cm2/sr ~2 × 10-11 Watts/cm2/sr 

Calibration 
None for low light imaging 

band 

Solar diffuser was used for 

daytime DNB data. 

 

Figure 5-6. ̫Ǽıǟ-��@ a) ©ċŞƌ, b) ƁńɁ VIIRS, c) ©ċŞƌƁńɁˊȘg�a.ʃ̪âŽ 

Population density adjusted by VIIRS [people/km2]�

VIIRS [W/km2]�Population density [people/km2] �

a)� b)�

c)�
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5-3-2) ȉɖȝɐ (Vegetation fraction) 

� ̠żø-=@Įıˉˎ.ŀø*�(͖ȉɖȝɐ.º��ǃ�>A@͗ɍ-͖Įıˉˎ

.ŀø/ıˈ͂*Ņȟ̪.Ƞâ̤<Ll�R�͖ɄʗĈǒ-Ɨ̓D��@�*�ǡƘɳ

ʂ-=%(ǂǎ�A(�@(Dickinson et al. (1986); Sellers et al. (1996); Dai et al. (2003))͗ȉ

ɖȝɐ/͖ˉˎ͂ʁ.ɳʂ)Ɖ�ɘ�>A@(Deardorff (1978))͗ .":͖Ǹɳʂ)/G

��Oı˶˥ȂƳ(United States Geological Survey, USGS).ĮıˉˎɳʂƳ�ǋÁ�@

Moderate Resolution Imaging Spectrometer(MODIS) � > Ǌ Ŕ � " Ǳ Ņ ȉ ɖ ȝ ɐ

(MODIS-based Maximum Green Vegetation Fraction, Vegetation fraction)Dɘ�@�*-=?͖

̠żø.Ɨ̓DʬƮ�"(Broxton et al. (2014)) V͗egetation fraction/ 1km2Dā:@ǱŅȉ

ɖȝɐD 0%�> 100%.ʌĨ)ˈ�Øɒg�a)�@͗7"ǱŅȉɖȝɐ.Øɒg�a

/ 2001ƅ�> 2012ƅ. 12ƅ̪ǋÁ�A(�?͖Ǹ˦)/ 12ƅ̪.ƄĲËDØɒ.Ǳ

Ņȉɖȝɐ*�(ǈɘ�"͗ 

� Figure 5-7- Vegetation fraction.ØɒâŽDɶ� �͗@* ț͖+.ıĶ-��(ȉɖ�

ǱŅ) 80%®�;ā:@�*�æǤ�"͗�ǟ͖˸̗¬̉-¹ʧ�@¢Ɋſ)�@Gt

�O<XJ[G�rG.ɲȽıſ<͖�ŉG[G͖Ojbù̟<T�����iʈ.͑

ʤƌſ͖y��,+.͑űıĶ)/ȈǾ̰ɞ.":͖ǱŅȉɖȝɐ�«.ıĶ*ȝ4(

º�,%(�@�*�ˏ(ĉA@͗ 

 

 

 

 

Figure 5-7. 2001ƅ�> 2012ƅ.ǱŅȉɖȝɐ.ƄĲâŽ 
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5-3-3) �̍͂ʁɐ  (Constructed impervious surface area, ISA) 

� Õɽ/̠żø-=@Įľ.ˉˎ͂Ʊâ.̙�DʬƮ�@":͖ȉɖ.Øɒg�a-&

�(˕Ć�"͗�ǟ)̠żĶ)/ȉɖɐ.º�.8,>�͖Įľ�V�S��h<G\

tF�h)ȎƱ�A(�@ƏɌ͖̗˾͖͏̀ĺ͖ș̗ʈ-=@©ŸɌ.ˉˎ͂ʁɐ.ļ

ñ;ɍƠ*�(ǃ�>A@͗ɍ-©ŸɌ-=@ˉˎ͂ʁɐ.ļñ/͖Įľ-Ȯ̍�@Ƞ

â̤.º�-Ɨ̓D��͖̠żĶ-��@ȮȠ.ˍĦ*,@�*�ɶĠ�A(�@

(Stankowski (1972))͗ 

� Figure 5-8-ɠ,@�̍͂ʁɐDǁ&ıˈ͂-��@Ƞâ̤ĈǒDɶ�͗À�0͖V�

S��h-ˎCA(�,�Įľ)/�= 40%�Įľ-Ȯ̍�@�͖ .Ȯ̍ɐ/V�

S��h.ȝɐ�ļñ�@�*-Ȳũ�͖100%.ıĶ�V�S��h-ˎCA"ĺē)

/Ø¼.̯—̤.Ü 15%ɽƌ��Įľ-Ȯ̍��͖5*E+.Ƞâ̤/Ȭá̤*�(�

Ƞ̗-ȬA(˅�͗ .":©ŸɌ)ˎCA(�@ĮıD�̍͂ʁ (Impervious surface 

area, ISA)*Ĝ1͖̠żø.îēDʬƮ�@":-T��o�.�̍͂ʁɐ-ɮɧ�"͗ 

� Elvidge et al.(2007)/USGS.ˇǦɝÒ�>ǊŔ�A"G��Oē˄ī. ISA-&�(͖

LandScanTM 2004.©ċǙ* DMSP-OLS. 2&.Øɒg�a̪)®�.ĥƀƐDȎʍ�

"͗ 

 

!"#$"%& !"#$% !" !"# = 0.0795(!"#$"%&') + 0.00868(!"!#$%&'"( !"#$%) (5.1) 

"#� r͖adiance/ DMSP-OLS�>ƽá�"ƁńɁƔƌ p͖opulation count/ LandScanTM 

2004�>ǊŔ�" 1kmT�di-��@ʠ©ċDɶ�͗ 

 

� Ɛ(5.1)DT��o�-̚ɘ�@�*-=? ISA ȝɐâŽ.Ȏʍ-Ʊð�"͗,�͖Ø

ɒ ISAȝɐ.Ȏʍ�@-ƕ"? �͖˘.ĥƀƐD̚ɘ�ǊŔ�A" ISA� 100%D˻�@

ıĶ<̠ż-&�(/ 100%D�̰*�@=
-ǱŅËDŔ:"͗ .ʜǿ͖ISA/ƏɌ

®ł-̗˾<͏̀ĺ,+.©ŸɌ.͂ʁDĘE)�?͖̠żĶ)/̞ł*ȝ̃�(�̍

͂ʁɐ�͑�ɶ�A(�@âŽDƜ@�*-Ʊð�"(Figure 5-9)͗Øɒ. ISA âŽ/ɑ

İ 1km ˔Òƌ)͖ɑİN�v�g�a`�\*�(®�. url =?bJ���i�@�

*�čʱ)�@. 

https://ngdc.noaa.gov/eog/dmsp/download_global_isa.html.  
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Figure 5-8. ɠ,@ıˈ͂-��@Ȯ̍ɐ.ŀø (Environmental Protection Agency 1993)． 

 

 
Figure 5-9. �̍͂ʁɐ.ØɒâŽ (Edlive et al.(2007))  
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5-3-4) īÜʠɖɗ (Gross Domestic Product, GDP) 

� ̠żøD˪˦�@ǂȐ*�(͖ʛȱʝ˖̤Dɘ�@.��ʸɤ)�@͗Ǹɳʂ)/Ē

ī.ʛȱʝ˖̤D 1&)�@ GDPDɘ�(˔ǽD˅%"͗GDPg�a/World Bank�

>ǋÁ�A(�@;.Dǈɘ�"(https://data.worldbank.org/indicator/NY.GDP.MKTP.CD)͗

,�͖World Bank/�ɞ 264ī. GDPD 1960ƅ­�>ǋÁ�(�?͖Ǹɳʂ)/©ċ

g�a*ĕ� 2013ƅ.g�aDɘ�(˔ǽD˅%"͗ 

� 7"World Bank)/ The World Bank Atlas methodDɘ�(͖īȞʠƳƜ(Gross National 

Income, GNI)D©ċǙ)î%" GNIcapitaɘ�(ĒīD High-income, Upper middle-income, 

Lower middle-income, low-income. 4&.ʛȱ�x�-â͌�A@͗Ēâ͌.̭Ë-&�

(/®�.̏?)�@͗ 

• High-income economies: !"#!"#$%" ≥ $12,236 

• Upper middle-income economies: $3,956 ≤ !"#!"#$%" ≤ $12,235 

• Lower middle-income economies: $1,006 ≤ !"#!"#$%" ≤ $3,955 

• Low-income economies: !"#!"#$%" ≤ $1,005 

 

 @A GDP, GDPcity 

� �>-Ǹ˦)/ G͖DPDɘ�(Ē˅ǖıú-��@ıĶGDP(GDPcity).ǊŔD˅%"͗

GDPcity.Ŕʫ/®�.Ɛ-=?ɶ��*�čʱ)�@͗ 

 

!"#!"#$ = !"#× !"!#$!"#$%!"#$
!"!#$%&'"(!"#$%&'

 (5.2) 

 

� "#�͖populationcity* populationcountry/ A!A˅ǖú͖īØ¼.ʠ©ċDɶ�͗ 

� ®�.ŔʫƐ=?ǊŔ�" GDPcity.ŋƕƦDȊ˗�@":- 2013 ƅ-��@Ǽ§̠

( Ü ̬ Ƌ ) ͖ ƫ ɰ ɫ ( Ü ̬ Ƌ ) ͖ k � � � � S ŷ (Economic Research: 

https://fred.stlouisfed.org/series/NYNGSP) ͖ � H S h � G ŷ

(http://www.invest.vic.gov.au/resources/statistics/economic-indicators))Ùˈ�(�@ıĶ

GDP(GDP_public)*͖GDPcity.ȝ̃D˅%"͗ .ʜǿ͖GDPcity/Ŗ̸.ıĶ GDP.Ë

*�ʵ/�,��͖GDP* GDPcity.̪-/ R2=0.82*Ɣ�Ș.ɩ̫̫Å��@�*�æ

Ǥ�"(Figure 5-10)͗ .":͖Ǹ˦)/Äŕ�ƏɌp���aDʊá�@ǂȐ. 1&*

�( GDPcityDɘ�(˪˦D˅%(�@͗ 
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Figure 5-10. Ēī. GDP*©ċȝ�>ʊá�" GDPcity *Ǽ§̠͖ƫɰɫ͖k����Sŷ͖�HSh�G

ŷ�Ùˈ�@ GDP_public.̫Å 

  

New York state�

Tokyo�

Aichi�

Victoria�

R2=0.82�



 
 

 39 

5.4 5i�J@z�#1 
`u  

� ˋǙ̠ż.̠żƧĹ�>Øɒ̠żıˈ͂g�a.ȎʍD˅
̸-͖g�aǙ.̙�-

&�(˕Ć�@ƣˍ��@͗À�0Ǽ§.ƏɌƧĹ)/ƉŅ,̠żĶ.":g�aǙ�

9956 *Ǳ;Ń�͗�ǟ Google map �>ʊá�"p�<Ďù.ƏɌƧĹ-&�(/ building 

footprintDƽá�@ôï� D͖igital Globe�>˷×�"[��a.ƏɌƧĹ-&�(/ƏɌƧ

Ĺ.˷×˳ɘ�ŵ9":͖ A>.̠ż-��(/ƏɌƧĹ�̠Ƣ̟-̰>A(�@͗ .

":͖g�aǙ/̠żØĶDʟʨ�(�@Ǽ§<I\a�u��͖k����S͖��{�

�)Ń�͖ A>.g�aDɨǉ¿ɘ�@*g�aǙ�Ń�ıĶ-ÂŎ�"ʜǿ*,%(�

7
͗ .Ģ͉D˿7�͖Ē̠ż-��@g�aǙ.̙�DʬƮ�@":͖Ǹɳʂ)/ɕ˔

ǽDɘ�(˔ǽD˅%"͗ 

 

5-4-1) ƄĲƏɌ͑�  Have 

5-4-1-1) Have*©ċŞƌ�ʢƖ̫Å-�@*¯Ŕ�@ĺē  

� Ǹʅ-��(;ʇ 4 ʅ*ĕȏ- Have.ǊŔD˅
-�"?͖©ċŞƌ*ƁńɁ.Øɒ

g�aDɘ�( Have.ǊŔD˅
 �͗>- 3ȖÔƏɌƧĹDǁ&Ǽ§ I͖\a�u��͖

k����S͖[�O�a͖��{��. 5 ̠ż-��@ Have*©ċŞƌD VIIRS Ɓń

Ɂ)ˊȘ�"g�aDŀǙ*�(ɘ�@�*-=?͖ŧáƐ.ʊáD˅%"͗ 

� 7�Ē̠ż. Have*©ċŞƌ.̫ÅD Figure 5-11-ɶ�͗�@*͖Ē̠ż-=%(ɠ

,@ǃö�ˏ>A"͗À�0Ǽ§*k����S)/ Have/©ċŞƌ-ţ�(ʢƖɤ-

ļñ�@Ș.ɩ̫̫Å�ˏ>A"͗�ǟI\a�u��*[�O�a-ɮɧ�@* H͖ave

/©ċŞƌ.ļȲ-ÂŎ��͖�ŔËDĉ@�*�æǤ�"͗ .�*�>͖ƏɌ͑�

/͑�ʛȱȠȹ.̠ż)/͑�͖7"º�ʛȱȠȹ.̠ż)/�ŔË-,@�*�â�

@͗  

� ���,�>©ċŞƌ�º�͖7"ƁńɁƔƌ�ƒ���{��)/͖©ċŞƌ.ļ

ñ-ţ�( Have-��@ˀ��ļñ�ˏ>A"͗ .":͖©ċǙ�ˀ��ɠ,@��

{��-ţ�(͖Õɽ. 4 ̠ż*ĕȏ.˔ǽD˅
�*�ħ̽)�@�*�â�@͗ 

.":͖Ē̠ż-��@Ø¼.©ċŞƌ*©ċŞƌ.ǱŅË.ȝDĉ@Ǫ̕øDǈɘ�

@�*-=?͖©ċ�ɠ,@̠żĶ-��@˔ǽDčʱ*�"(Figure 5-12)͗ .ʜǿ͖

5*E+.̠ż-��( ©͖ċŞƌ�º�ǩ-/ Have;º� ©͖ċŞƌ�͑�ǩ-/ Have

;º�ËD*@ʢĳ̫Å�ˏ(ĉA@͗ 

� �ǟ) [͖�O�a-&�(/©ċŞƌ�º� H͖ave�͑�ËDĉ@T�di���&

�ˏ>A"͗ .ɓɚ-&�(/͖̉ƅ.Ə˙�dZ�)Ə˙�A(�@ƏɌ.Ɨ̓�

ʬ�>A@͗ .=
,Ə˙�.ƏɌ)/©�»E)�,�":͖ƏɌ͑�/͑�͖©
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ċŞƌ�º�ËDǁ%(�@͗Ǹ˦)/ EMPORISDɘ�(͖©ċg�a. 2013ƅ�>

ɑİ7)-Ə˙�A"ƏɌDǳ�@T�diDĉ?̲�"�)˪˦D˅,%(�@

(Figure 5-13)͗���,�>͖Âɇ��&�.T�di-��(©ċŞƌ�º�͖Have�

͑�ËD*@�*�æǤ�"͗ .T�di-��@ƏɌâŽD Picuture 5-1-ɶ�͗ 

.ʜǿ͖ A>.T�diÜ)/͖̉�-Ùĭ<ȈǾ�Ŏİ�(�?ƏɌǙ�ũ,�͖

ƏɌ͑�.Ņ��r����&��@ɍƠ�ˏ>A"͗ A>.T�di)/ƏɌ͑�

�͑� 1 &.ƏɌ�ƄĲƏɌ͑�-ŝ��(�@": Have.Ë�͑�,?͖7"Ùĭ<

ȈǾ.Ɨ̓-=?T�diÜ-��@©ċŞƌ�ĚĨ*ȝ̃�(º�,%(�@":͖

©ċŞƌ�º� Have�͑�,@ɑ˭DƑ�˺��(�@*˕�@͗ 

 

 
Picture 5-1.[�O�a̠żĶ.ɠ,@ıɅ-��@ƏɌâŽ 

 

� Ȗ-Ǫ̕ø�"©ċŞƌ* Have .̫Å-ɮɧ�͖̫ÅƐ.ȎʍD˅
͗7�͖Have �

©ċŞƌ-ţ�͖ʢƖ-ļñ�@*�(¯Ŕ�͖®�.=
-Ŕʫ�@͗ 

 

!!"# = !!×!"#$%&'()*+",-&%.'"/ !"#$%&' !"#$%&'" !" !""#$ + !! (5.3) 

  

� Ɛ(5.3)-��(͖ŀǙ α1͖β1 .ǊŔD˅
͗ĒŀǙ.ʊáD˅
-�"?͖̠żĶ)

/̞ł*ȝ4( Have �͑�,@Ðė��@�*�>͖Have *Äŕ�.ʛȱɢŮ.ǂȐ

GDPcity*.̫ÅƦ-ɮɧ�"  ͗.ʜǿ  ͖ GDPcity�͑�̠ż)�@Ǽ§<k����S͖

��{��)/ α1;͑�,?͖GDPcity�º�[�O�a<I\a�u��.̠ż)/ α1

;º�,@�*�æǤ�"(Figure 5-14)͗�ǟ) β1 -&�(/͖α1 */ɠ,?͖GDPcity

�º�̠ż)͑�͖GDPcity�͑�̠ż)º�,@Ðė�ˏ>A"͗ 

� α1͖β1* GDPcity.̪-Ɣ�ɩ̫�ˏ>A@ɓɚ*�(/͖+$>;ʛȱȠȹ-̫Å�

"p���a)�@�*�ǃ�>A@͗7�+$>.ŀǙ;©ċŞƌ*ƁńɁDŀǙ*

�(�?͖̠ż.NtH\ˆ)/»őˆ*ȝ̃�(ʛȱȠȹ�͑��*�>͖ʛȱ-̫

�@ŀǙ)ˣǤ�@�*�čʱ)�@*˕�@͗Ȗ- GDPcity-&�(;Äŕ�.ʛȱǂ

(-6.18, 106.82)�

(-6.19, 106.82)�
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Ǚ*�(¿ɘ)�@":  ͖A> 2&.p���a.̫Å/ɨʢ)ʬš�@�*�)�͖

®�.=
-Ŕʫ�A@ �͗>- β1� GDPcity*˯.̫Ǚ-=%(ˣǤ)�@ɓɚ-&�

(/͖ƏɌƧĹ.ʌĨ�ǃ�>A@͗[�O�a.͑�ƧĹDǁ&ƏɌ/̠Ƣ-̰>A

(�@":͖̞ł<»őˆ.ƏɌ͑�.º�ƏɌƧĹ��ûâ)�?͖̠żĶØ¼Dʟ

ʨ�@«.̠ż*ȝ4(ãɋ�Ņ��,%"*ʬ�>A@͗ 

 

!! = 3.16×!"#!"#$×10!!! + 12.15 (5.4) 

!! = −2.00×!"#!"#$×10!!" + 10.24 (5.5) 

  

5-4-1-2) Have*©ċŞƌ.ʢƖ̫ÅD¯Ŕ�͖ǱŨƏɌ͑�DŔʫ�@ĺē  

� Õɽ.ƴȧ/©ċŞƌ*ƁńɁDØɒg�a*� H͖ave.ǊŔD˅%" �͗��,�>

β1.ǊŔ-&�(͖GDPcity*.̪-˯.ɩ̫̫Å�ˏ>A"͗ .ɓɚ*�(/͖[�

O�a.ƏɌƧĹ/̠Ƣ-̰>A(�@":͖ɢŮ̎�ī.̠ż-��@̞ł<»őˆ

-�@º�ƏɌ-��@ƏɌƧĹ��ûâ)�@�*�ǃ�>A@͗®�.Ģ͉ɅD˿

7� Ǹ͖ƴȧ)/�ƲƏ(-��@ƏɌ͑�D̠żĶ.ǱŨƏɌ͑�)�@*¯Ŕ� β͖1

/®�.Ɛ)Ŕʫ�@͗ 

 

!! = 4.0 .  (5.6) 

 

� β1D 4m*�"ɓɚ-&�(/ 1̶͖Ə(.ƏɌ͑�/�ʸɤ- 3
5m*˕CA(�@͗

 .":͖�̶.͑�D 3m͖ŭȅ͂.͑�D 1m *�͖ē˖. 4m D�̂ś.ƏɌ͑�

)�@*¯Ŕ�"͗ 

� Ȗ- α1 .ʊáD˅
-�"?͖Ɛ(5.2)-(5.3)D­×�͖Ē̠ż-��@̉¸ƐDÝƌ

ŧá�"͗ A>.̫ÅƐDȎʍ�@̸-͖Õɽ*ĕȏ- GDPcity Dɘ�(®�.Ɛ�

Ɯ>A"(Ɛ(5.5))͗ .ʜǿ͖GDPcity�͑�̠ż)�@Ǽ§<k����S͖��{��

)/ α1;͑�,? G͖DPcity�º�[�O�a<I\a�u��.̠ż)/ α1;º�,@

�*�æǤ�"(Figure 5-14)͗ 

 

!! = 3.13×!"#!"#$×10!!! + 22.90 (5.7) 
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Figure 5-11. ƄĲƏɌ͑� Have *©ċŞƌƁńɁˊȘg�a.̫Å 

 

 

 

Figure 5-12. Ǽ§͖I\a�u��͖k����S͖[�O�a͖��{��-��@ƄĲƏɌ͑� Have 

*Ǫ̕ø�"©ċŞƌƁńɁˊȘg�a.̫Å 
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Figure 5-13. [�O�a.Ə˙�.ƏɌD̲�"ƚ.Ǽ§͖I\a�u��͖k����S͖[�O�

a͖��{��-��@ƄĲƏɌ͑� Have *Ǫ̕ø�"©ċŞƌƁńɁˊȘg�a.̫Å 

 

 
Figure 5-14. 5-4-1-1)=?ʊá�A" Slope α1, β1* GDPcity.̫Å( a), b)) 

�=1͖5-4-1-2).ƴȧ=?ʊá�" Slope α1* GDPcity.̫Å( c)) 

  

New York�

Tokyo�

Melbourne�Jakarta�

Istanbul�

New York�Tokyo�

Melbourne�

Jakarta�

Istanbul�

New York�

Tokyo�

Melbourne�

Istanbul�

Jakarta�

a)� b)� c)�
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5-4-2) Ə˃ɐ  λp 

� λp.ʊá)/ Vegetation fractionDɘ�(ʊá�@ƴȧ*͖ISA*©ċŞƌ͖GDPDɘ

�(ʊá�@ƴȧ. 2ƴȧ-&�(˕Ć�@͗ 

5-4-2-1) Vegetation fractionDɘ�"Øɒ λpâŽ.ǊŔ  

� �.ǊŔD˅
-�"?͖7 ̠ż.ƏɌƧĹ�>ʊá�" λp-ñ�͖�QZVZfH

-��@ƏɌƧĹ�>ʊá�" λpD¿ɘ�"͗�QZVZfH/�QZVīÜÜ̴̟-

¹ʧ�@�PZfH)�?͖ȟÊſ/ȳǭßŏũ— Cwb -â͌�A@͗,��QZVZ

fH. λp/p�*Ďùĕȏ- Google mapDɘ�(ǊŔ�A"͗ 

�  A> 8̠ż-��@ λp* Vegetation fraction.̫ÅƦ-ɮɧ�@*͖Ē̠ż-��(

˯.ɩ̫̫Å�ˏ>A"(Figure 5-15ąɈ)͗ 

 

!! = 1.05×10!!×!"#$%$&'( !"#$%&'(! − 3.61×!"#"$%$&'( !"#$%&'( + 0.37 (5.8) 

 

7" �͖�&�.Ʌ-��(ǱŅȉɖȝɐ* λp.ʠĝ� 100%D˻�(�@�*�æǤ�

"͗ A>.ˍĦ*�(͖7�̠żø-=@ˉˎ͂ʁ.ŀø-=@˯.̫ÅƦ͖Ȗ-ŭ

�ʡøDå:*�@̠ż˖ɝ<ˇǦɝÒ.Ģ͉Ʌ-=@ȉɖȝɐ*ƏɌŞƌ.ʠĝD

100%®�-�"*ʬ�>A@͗ 

� ˯.̫ÅƦ�ɑA@ɓɚ-&�(/͖̠żĶ*̞ł-��@ȉɖˉˎ͂ʁɐ.̙�-

ɮɧ�"̠͗żĶ)/̠żø.Ɨ̓)ƏɌ<©ŸɌ.āǳɐ�͑�͖̞ł*ȝ4(ȉɖ

āǳɐ�º�,@͗�ǟ)̞ł<ƏɌ�ũ,�ȈǾıſ)/͖ȉɖāǳɐ�͑�,?͖

ƏɌāǳɐ�º�,@Ðė��@͗®�=?͖ƏɌāǳɐ*ȉɖāǳɐ.̪-/˯.ɩ

̫̫Å��@*˕�@͗ 

� Ȗ- �͖�&�.Ʌ-��(ȉɖȝɐ*ƏɌŞƌ.ʠĝ� 100%D˻�"ɓɚ-&�(

˪˦D˅
͗ .ˍĦ*�(͖ŭ�ʡø.Ɨ̓<͖͑�ȒǶ-Ĩ7A"ƏʍɌDˇǦ)

ƏɌDǅ��A,��*͖7"˔Òƌ=?;Ũ�,ȉɖɐ.ŀø�ʬƮ�@�*�̽�

��*�ʬ�>A@͗̉ƅ)/̠żȳǭøDʣĝ�@":-͖Õ̒ī.̠ż)/ƏɌ.

ŭ�,+-Ùĭ<ȒǶDȉ�@ŭ�ʡø�ŧ×�A(�@͗ .ŭ�ʡøD˅,%(�

@ƏɌ)/ Ə͖Ɍ.�-ȉɖ�Ŏİ�@":͖̌ ǦɝÒ)/ȉɖȝɐ�ɨǉǊŔ�A@͗

�ǟ) λp.ʊá.̸-/͖ƏɌ/Ŏİ�(�@":Ë�ʊá�A@͗ç.ˍĦ*�(͖

͑�ȒǶ-Ĩ7A(�@ƏʍɌ-ţ�(;ĕ�ɓɚ-=?ȉɖ*ƏɌ.āǳɐ� 100%

D˻�@�*�ʬ�>A@͗Ȗ- Vegetation fraction.˔Òƌ� 1km)�@�*�>͖˔

Òƌ®�.Ũ�,ƏɌ<©ŸɌ-=%(ŀø�"ȉɖȝɐ�ćǧ�A�͖Ŗ̸.Ë=?

;̖Ņ˜Ã�A@čʱƦ;ʬ�>A@͗ 
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5-4-2-2) ISA͖©ċŞƌ͖GDPDɘ�"Øɒ λpâŽ.ǊŔ  

� ��)/͖7 ̠ż.ƏɌƧĹ�>ʊá�" λp*�̍͂ʁɐ ISA *©ċŞƌDɘ�(Ø

ɒ. λp.̫ÅƐ.ŧáD˅
͗ƏɌ.Ǜı͂ʁ* ISA/ƏɌ.Ǜı͂ʁ®ł;̗˾<͏

̀ĺ.îēDĘE#Øɒg�a*,%(�@":͖©ċŞƌDɘ�@�*)ƏɌ.Ɨ̓

DʬƮ�"͗ .": λp/Øɒ. ISA*©ċŞƌƁńɁˊȘg�aDŀǙ*�(ɘ�@

�*)͖®�.Ń͆Ɛ�Ŕʫ)�@͗  

 

!! = !!×!"# + !!×!"#$%&'(") !"#$%&' !"#$%&'" !" !""#$ (5.9) 

 

� ĒØɒg�a.ŀǙDȡ:@":-͖ŃŀǙ˔ǽDɘ�( α2* β2.ȣŔD˅
͗7"

 .ŀǙDĒī.ʛȱǂȐ GDPDĒī.ʠ©ċ)î%"�©ƕ"? GDP (GDPcapita)Dǈ

ɘ�͖ǊŔ�@�**�"͗ .ɓɚ*�(͖ƏɌŞƌ-&�(/̠żĶ*̞ł)Ņ�

,ź�ɖ�� Ē͖ī-��@ǜøʰǫ-ÂŎ�@*ʬ�"":)�@  ͗.ʜǿ α͖2* β2

/ GDPcapita. 2Ȗ̫Ǚ)®�.ȏ-ˈ��*�)�@͗ 

 

!! = 1.34×10!!"×!"#!"#!"#! − 1.60×10!!×!"#!"#$%"
+ 0.06 (62000 > !"#!"#$%") (5.10) 

!! = 8.72×10!! (62000 < !"#!"#$%" < 70395.44531) 
!! = 3.72×10!!"×!"#!"#$%"! − 1.53×10!!!×!"#!"#$%" + 1.04×10!! (5.11) 

 

� α2-&�(/ G͖DPcapita�º�̠ż)�@[�O�a<I\a�u��)Ë�͑�,?͖

k����S<��{��)º�,@�*�â�%"(Figure 5-16)͗ .ʜǿ͖α2 /͖

GDPcapita�ũ,�̠ż)/͑� Ņ͖��̠ż)/º�ËDĉ@�*�æǤ�"  ͗.ˍĦ

*�(͖»Ȟ.»ő®ł.I�t�3.Ƹ˴�ʬ�>A@͗ɍ-ɢŮ�"ī)/͖͑̐

̗˾<ȓ,+.Ə˙D̏�(͖=?ʹ�»8<��ˆ¾?D˅
":ƏɌ®ł.©ŸɌ

�ā:@îē�͑�,@�*-=?͖α2 /º�,@͗�ǟ)ɢŮ̎�.ī<̠ż-��

(/͖I�t�.ǚÏ�ˤ͉*,%(�?͖Õ̒ī*ȝ4(ƏɌ�©ŸɌ-ā:@îē

�͑�,@�*-=? α2.Ë�Ņ��,@*ʬ�>A@ Ȗ͗- β2-&�(/©ċŞƌ)

Ŕʫ�A(�? �͖- ISA)ǊŔ�A" λp.ŵ��D˅
":-ƣˍ*,@  ͗.":͖

GDPcapita.͑�̠ż)/ GDPcapita�º�̞ł*ȝ4(©ċŞƌ�͑�  ͖.âƏɌ�Ş‐

�(Ŏİ�(�@�*Dɶ�(�@͗  

� Ǳƚ-ǊŔ�" λp.̭Ë-&�(˕Ć�@͗ɍ- λp-&�(/ƏɌ.Ǜı͂ʁ� 1D

˻�@�*/�čʱ)�@":͖ǱŅËD˙Ŕ�@ƣˍ��@͗ .":͖Ē̠ż. λp
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.ǱŅË(λp_max*˘̄�@)* GDPcapita-&�(̫ÅƐD¾Ʊ�͖λp.Ë�̭ËD˻�@

T�di-ţ�(/͖®�.ƐDɘ�(ˊȘD˅,%"͗ 

 

!!_!"# = −0.96×10!!×!"#!"#$%" + 0.57 (5.12) 

 

� Ē̠ż-��@ λp_max* GDPcapita.̫ÅƐ-ɮɧ�@* Ǽ͖§D̲� 7̠ż)/ 0.55-0.6

.Ë*,@�*�æǤ�"(Figure 5-17)͗�ǟ)Ǽ§̠-��@ǱŅË/ 0.42*«.̠ż

*ȝ̃�( 0.18 ;º�,@�*�ˏ(ĉA@͗ .ɓɚ*�(Ǽ§̠�Ŕ:(�@Əʍ

ĸȹȧ.Ɨ̓�ʬ�>A͖�>-͖�©ƕ"?. GDP�Ņ��,@* λp.ǱŅË�º�

,@ˍĦ*�(͖©ċŞƌ�ũ,�ʛȱȠȹ�͑�ĺē͖̠Ƣ,+);Ņ�,ƍDǁ&

�̂ś-»:@=
,˰ï��@�*�ʬ�>A@͗ 

 

 

 

 

Figure 5-15. Ǽ§͖I\a�u��͖k����S͖p�͖Ďù͖[�O�a͖�QZV͖��{��

. λp*ǱŅȉɖɐ.̫Å 

 

λ p
�

MODIS vegetation fraction [%]�
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Table 5-3. Ē̠ż-��@ λp* ISA*©ċŞƌƁńɁˊȘg�aDɘ�"̢ĥƀâǽ 

 
Coefficient 

R 
T stat H0 (5%) 

ISA PopVIIRS ISA PopVIIRS ISA PopVIIRS 

Tokyo 0.00184 8.761×10-6 0.99613 10.01209 10.76412 re re 

Istanbul 0.00472 8.341×10-7 0.93591 7.58464 0.48720 re ac 

New York 0.00112 6.327×10-6 0.95932 8.44202 12.76907 re re 

Jakarta 0.00577 -9.012×10-7 0.93855 14.13857 -1.81280 re ac 

Melbourne 0.00057 0.00002 0.90898 0.94293 4.59535 ac re 

Paris 0.00218 5.8210×10-6 0.90134 2.90713 1.81109 re ac 

Taipei 0.00069 7.6123×10-6 0.93215 2.43108 8.55409 re re 

 

Figure 5-16. Ē̠ż.̢ĥƀâǽ�>ʊá�" Slope α2, β2* GDPcapita.̫Å 

 

Figure 5-17. Ē̠ż-��@ǱŅƏ˃ɐ λp_max* GDPcapita.̫Å  

New York�

Tokyo�

Melbourne�

Istanbul�

Jakarta� Paris�
Taipei�
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5-4-3) t��a�L�Gg�ZfH  λf 

� λf.ʊá-��(/͑�ƧĹDǁ&Ǽ§ I͖\a�u�� k͖����S [͖�O�a͖

��{��. 5̠ż.ƏɌƧĹDɘ�(˪˦D˅
 ŧ͗áƴȧ-&�(/ 1) ǡŎɳʂD

Ô- λpDɘ�(˅
ƴȧ 2͖) Ľ͂ʁɐ-ɮɧ� Have* λp.Ń͆Ɛ�>ŧá�@ƴȧ-&

�(̊4@͗ 

5-4-3-1) λpDɘ�" λf.ǊŔ  

� Kanda et al.(2013))/G��O<t��\͖ǢǸʈÕ̒ī.̠ż)/ λf/ λpDɘ�" 2

Ȗ̫Ǚ)Ŕʫ�@�*�čʱ)�@�*ɶ�(�@͗ 

 

!! = 1.42!!! + 0.4!!    0.45 > !! > 0.05  (5.13) 

 

 .": Ǹ͖ʋ)/ Kanda et al.(2013)*ĕȏ.ƴȧD 5̠ż-̚ɘ�@ 7͗� 5̠ż-ţ

� GNIcapitaDɘ�(ʛȱ�x�.â͌D˅%"*�B͖Ǽ§͖k����S͖��{��

/͑Ĉ×ʛȱī(High-income economies).̠ż͖I\a�u��*[�O�a/ A!A

�.�͖�.�.Ĉ×ī(Upper middle-income, Lower middle-income economies)*â͌�A

"͗ 

� Ȗ-͖͑ʛȱĈ×.ī-ů�@̠ż*�.���.�.ʛȱĈ×ī-ů�@̠ż)â

�͖ A!A.ĺē-��@ λf* λp.̫ÅƦ-ɮɧ�"͗ .ʜǿ͖Ǽ§͖k����

S͖��{��)/ λf/ λp.ļñ-=?ˀ��ļñ�͖�ǟ)I\a�u��*[�O

�a)/ʢƖ̫Å�ˏ(ĉA"(Figure 5-18)͗ 

 

!! = 1.34!!! + 0.64!!    0.45 > !! > 0.05  (5.14) 

!! = 0.08!!! + 0.79!!    0.45 > !! > 0.05  (5.15) 

 

� ØɒƏɌg�a.Ȏʍ-��(/ Ɛ͖(5.14)D High-income economies-â͌�A@ī-͖

Ɛ(5.15)D Upper middle-income* Lower middle-income, Lower-income economies-â͌�

A@ī- A!A̚ɘ�"͗���,�>��{��. λf.ǃö-ɮɧ�@*͖Ǽ§<

k����S�>ŧá�" 2 Ȗ̫Ǚ�>Ë�Ņ��łA(�@�*�æǤ�"͗�>-

[�O�a-��(;ʊá�"̫Ǚ*ȝ4Ŗİ̠ż-��@ λf�͑�ËDɶ�(�@Ģ

͉�ˏ>A"͗®�.Ģ͉ɅD˿7� 5͖-4-3-2))/ Have* λp�> λfDʊá�@ǟȧDǋ

ȇ�@�**�"͗ 
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5-4-3-2) Have͖λpDɘ�" λf.ǊŔ  

� λf.ŧáD˅
-ƕ"? Ľ͖͂ʁɐ�͑�,@U�\-&�(ʬ�@ Ľ͗͂ʁɐ�͑�

,@ĺē*�( 1͖)͑�ƏɌ�Ş‐�(Ŏİ�(�@ǩ* 2͖)ƏɌ͑�/º��ƏʍɌ�

˻͑Şƌ)Ŏİ�(�@ǩ�ǃ�>A@͗ .":͖1).U�\-&�(/͖̠Ƣ̟.

ƏɌâŽ�ǃ�>A Ə͖Ɍ͑�Dɶ�p���a)�@ Have 2͖)-&�(/�-ɢŮ̎�

ī-�@\��ˆ,+�ƕ(/7?͖ A>.ıĶ-&�(/ƏɌŞƌ.p���a)

�@ λpDɘ�(˪˦�@�*�čʱ)�@͗ .": λf/ Have* λpDɘ�"Ń͆Ɛ*p

���a α3* β3=?Ŕʫ�A@�*�čʱ)�@ 7͗" Have* λpDɘ�(Ńŀ̤˔ǽD

˅
�*-=?͖α3* β3.ĕŔD˅,%"͗ 

 

!! = !!×!!"# + !!×!! (5.16) 

!! = 0.65×10!!"×!"#!"#$ + 2.08×10!! (5.17) 

!! = 1.35×10!!× ln !"#
!"#$%&'" + 0.09  (5.18) 

� "#�͖LandArea/Ēī.īĮ͂ʁDɶ�͗ 

 

�  .ʜǿ͖α3-&�(/ GDPcity*ʢƖ̫Å͖β3-��(/ GDP/LandArea *ţǙ̫Å

-�@�*�æǤ�"͗ɍ-͖GDPcity�͑�ʛȱɢŮ�(�@̠ż-&�(/ɍ- α3�

͑� Have.Ɨ̓�͑�,@͗ɍ-͖α3-&�(/ Have.̫Å*ĕȏ)͖+$>;ʛȱɢ

Ů-̫Å�"p���a)�@": 1͖Ȗ̫ǙDɘ�(Ŕʫ�@�*�čʱ)�@ �͗ǟ

)͖λp-&�(/ GDPDĒī.īĮ͂ʁ)î@�*-=?͖ƏɌ�Əʍ�<��<+


�-ɮɧ�"͗īĮ͂ʁ�º�͖GDP .͑�Ǽ§)/͖Ş‐�(ƏɌDƏ˙�@ƣˍ�

�@͗�ǟ)īĮ͂ʁ�͑�͖GDP .͑�k����S<��{��)/ºŞƌ)Ə˙

�@�*�čʱ)�@": λfŧáƐ-��@ λp.ŀǙ/Ũ��,%(�@͗�>- GDP

�º�[�O�a<I\a�u��)/͖͑Űr�<˳ɘ.��@�ƲƏ(.Ə˙�ħ

̽)�@�*�>͖Ŗİ̠ż-��@ λf�Õ̒ī.̠ż*ȝ4º�͖Have* λp.ŀǙ�

Ũ��,@�*�ʬ�>A@͗7"͖ƏɌDƏ˙�@�*�čʱ,ǱŅŞƌ/56�Ŕ

ËDĉ@":͖β3/Ǽ§.ËDǱŅË*�(�ŔËD*@=
- log̫Ǚ)Ŕʫ�"͗ 

� �>-͖Øɒg�a-��@ǱŅË*�(͖Ǽ§-��@ λf.ǱŅË)�@ 

 

!! = 0.72. (5.19) 

 

Dǈɘ�@�*-=?͖λf��˘.ËD˻�@T�di-&�(ÈȘD˅,%"͗ 
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Figure 5-18. Ǽ§͖I\a�u��͖k����S͖[�O�a͖��{��-��@ λf* λp.̫Å 

Table 5-4. Ǽ§͖I\a�u��͖k����S͖[�O�a͖��{��-��@ λf * Have, λpDɘ�"

̢ĥƀâǽ.ʜǿ 

 Coefficient R T stat H0 (5%) 

Have λp Have λp Have λp 

Tokyo 0.00297 0.95688 0.98531 14.66584 102.35035 re re 

Istanbul 0.00245 0.62799 0.95150 5.04193 24.90000 re re 

New York 0.01084 0.57372 0.95485 27.72603 23.28406 re re 

Jakarta 0.00458 0.67485 0.98518 5.81606 19.29406 re re 

Melbourne 0.00364 0.46163 0.94115 4.97277 6.96753 re re 

 

Figure 5-19. a) α3* GDPcity, b) β3* GDP/LandArea.̫Å  
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5-4-4) ØɒƏɌƖƭp���aâŽ  

� ©ċŞƌ� 100©/km2®�.T�di-ţ�( Ɛ͖(5.2)~(5.19)DT��o�g�ax�

\-̚ɘ�͖Have, λp, λf.Øɒ̠żıˈ͂g�a.¾ƱD˅%"͗ĒƏɌƖƭp���a

.ʃ̪âŽD Figure 5-20, Figure 5-21-ɶ�͗ 

� 7� Have.ʃ̪âŽ-ɮɧ�@*͖©ċŞƌ.͑�̠żĶ-��( Have�͑�,%(

�@�*�æǤ�"͗ɍ- β1D GDPcity)Ŕʫ�"ĺē͖©ċŞƌ.͑��ī<I�i.

̠ż-��( Have �͑�,?͖©ċŞƌ�º��ɢŮ�(�@IR�\.̠ż��i�

-��@ Have �º�,@�*�â�%"͗ .ɓɚ*�(͖[�O�a.ƏɌƧĹ�̠

ƢĶ-̰>A(�?͖»őˆ<̞ł.ƏɌ͑�.º�ƏɌ.Ɨ̓Dćǧ�@�*�ħ̽

)�%"�*�ʬ�>A@͗ .":͖Õ̒ī. Have�ɢŮ̎�ī. Have*ȝ4º�Ë

Dɶ��*-&,�%"*˕�@͗ 

� �ǟ)ǱŨƏɌ͑�D 4m*¯Ŕ�"ĺē͖͑ � HaveDǁ&̠ż-ɮɧ�@* �͖-�

��dp.Õ̒ī.̠żĶĆ1ǢǸ͖G��ODå:*�@Õ̒ī.̠ż�Ń�͖Have

� 15m ®�*,@�*�â�%"͗�ǟ)�ī<I�i͖Gt�O.̠ż-��@ Have

/ʕ 10m *Õ̒ī.̠ż*ȝ̃�@*º��͖Have�͑�ËDǁ&ıĶ�Ɖ�âŽ�(

�@�*�ˏ(ĉA@͗ .ɓɚ*�(͖I�i<�ī͖I�ilZG<Gt�O)/

ɍ-���dp<G��O.̠ż*ȝ4(©ċŞƌ�͑�̠ż�Ş‐�(Ŏİ�(�@

�*�ǃ�>A@͗ 

� Ȗ- λp.ʃ̪âŽ)/͖vegetation fractionDɘ�(ǊŔ�" λp.Ë� ISA*©ċŞƌ

VIIRS ˊȘg�a.Ń͆Ɛ�>ʊá�" λp*ȝ4(Ø¼ɤ-͑�,%(�@�*�C�

@͗ .ɓɚ*�(͖ıĶ.ȟÊſ-��@ȉɖȝɐ-=%( λp�ŹĐ�A@�*�ʬ

�>A@͗ɍ-͖ɲȽʈ.¢Ɋſ<Ȍ¬̉<͑ƌ�>ɖ�@ºȳſʈ-=@ȈǾ̰ɞı

Ķ)/ȉɖȝɐ� 0%*,@":͖λp.ǱŅË�̚ɘ�A@͗ .":©ċ�ũ,�Ũ�

,̠ż<ɜ-ţ�(;͖Ņ̠ż< A®�-Ņ�, λp.Ë�̚ɘ�A@͗®�.�*=

?͖ȉɖȝɐDɘ�(T��o�-Ů̩�@-/ȉɖɐ®ł.g�aDɘ�(ˊȘD˅


ƣˍ��@͗�ǟ) ISA*©ċŞƌ VIIRSˊȘg�a.Ń͆Ɛ�>ʊá�" λp/͖ȟ

Êſ-ŹĐ�A�͖Õ̒ī<ɢŮ̎�ī.̠żĶ)ɍ-͑�ËDɶ�(�@�*�â�

@͗ 

� Ǳƚ- λf.âŽ-&�(˪˦D˅
͗λf-&�(; λp�>ǊŔ�"âŽ)/Ø(.T

�di-��( 0.15®�.ËDĉ@�*�â�@͗�>- Have* λp�>ǊŔ�"âŽ*

ȝ̃�@*Ø¼ɤ-͑�ËDɶ�(�@�*�ˏ(ĉA@  ͗.ɓɚ*�( λ͖p/ȉɖȝ

ɐ�>ʊá�";.D¿ɘ�"�*�ǃ�>A@͗���,�> F͖igure 5-18=?͖��

{��-��@ λp* λf.̫ÅƐ/ɢŮ̎�ī. 2 ̠ż*56ĕȏ.ǃöDɶ�(�""
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: λ͖p-��@ λf.ŀø�ũ,�Õ̒ī-ƐD̚ɘ�@�*/ λ͖f.̖Ņ˜ÃDƿ��*

�ưƥ�A@͗�ǟ)Ń͆Ɛ=?ʊá�"âŽ)/̠żĶ-��( λf.Ë� 0.15 ®�*

,%(�?ĚĨ*ȝ4(͑�,%(�@�*�>͖̠żø.Ɨ̓Dćǧ�@�*-Ʊð

�"*˕�@͗ 

 

5.4 s 5r���  

� Ǹʅ)/͖©ċŞƌ͖ƁńɁ͖�̍͂ʁɐ͖ǱŅȉɖȝɐ,+ˋǙ.Øɒg�a*Ǽ

§͖I\a�u��͖k����S͖[�O�a͖��{��͖p�͖Ďù. 7 ̠ż.

̠żƧĹDɘ�(˟ʘ,ĥƀƐ.ŧáD̏�(Øɒ̠żıˈ͂g�a.ȎʍD˅%"͗ 

� Have.ŧá-&�(/͖ʇ 4 ʅ*ĕȏ-©ċŞƌ*ƁńɁDØɒg�a*�(ɘ�"͗

 .ʜǿ͖Ǽ§*k����S)/͖©ċŞƌ* Have .̪-/ʢƖ̫Å��@�*�æ

Ǥ�"͗7"͖I\a�u��*[�O�a)/͖Have/©ċŞƌ-ÂŎ���ŔËDĉ

@�*�â�%"͗���,�>͖©ċŞƌ�º�͖7"ƁńɁƔƌ�º��ƏɌ͑�

�͑���{��)/ A> 4 ̠ż*ȝ̃�(ɠ,@ǃöDˈ�"":͖ A>.̠ż

.ːȑDʬƮ�@":-͖Ē̠ż-��(©ċŞƌ.ǱŅË)î%"Ǫ̕øDɘ�@�

**�"͗ .ƚ͖Ē̠ż. Have *©ċŞƌ.̪-ʢƖ̫ÅD¯Ŕ�( A!A.Ð�

*ãɋD GDPcity-=%(Ŕʫ�"͗7"͖)/͖ãɋDǱŨƏɌ͑�*� 4m D¯Ŕ�

( α2.ȣŔD˅,%"͗ .ʜǿ͖ØɒâŽ-ɮɧ�@*+$>;̠żĶ) Have�͑�

,@âŽDɶ��*�æǤ�"͗���,�>͖β1D GDPcity)Ŕʫ�"ĺē͖ǱŨƏɌ

͑�DŔʫ�"ƴȧ*ȝ̃�(͖Gt�O<ǼþG[G�þG[G.̠ż̞ł-��(

ƏɌ͑�� 10m®�*͖͑�ƏɌ��@âŽDɶ�͖́ɑŖɤ,âŽDɶ�"͗  

� λp.ŧá-&�(/ǱŅȉɖȝɐ*©ċŞƌ Ɓ͖ńɁ.Øɒg�a�>ĥƀƐ.ŧáD

˅%"͗ǱŅȉɖȝɐ* λp.̫Å-&�(/˯.ĥƀƐ�Ɯ>A"͗���,�>͖ɲ

ȽDŌ:*�"¢Ɋıſ<ȉǾ̰ɞ)ȉɖȝɐ�ũ,�ıĶ)/ λp�̖Ņ˜Ã�@�*

�â�%"͗ .":͖Ȗ-©ċŞƌ͖ƁńɁ͖�̍͂ʁɐD¿ɘ�( λpDʊá�@ĥ

ƀƐ.ŧáD˅,%" Ø͗ɒg�aâŽ-ɮɧ�@* λ͖p.Ë/ȟÊſ<̠ż.͑ƌ-Â

>�̠ż.Ɨ̓Dćǧ�@�*-Ʊð�"͗ 

� λf.ʊá-&�(/ λp�> Kanda et al.(2013).ǋȇ�@ʛ͐ƐD̚ɘ�@ƴȧ*͖Have

* λp�>ǊŔ�@ƴȧ.ǋȇD˅%"͗ .ʜǿ͖+$>.ʜǿ;̠żĶ-��(ƏɌ

Ɩƭp���a.Ë�͑�,%(�@�*�æǤ�"͗ɍ- λp�>ʛ͐ƐDɘ�@ƴȧ

-&�(/͖Õ̒ī.̠ż*ɢŮ̎�ī-��@̠ż-��( λf .ǃö�ɠ,?͖ɢŮ

̎�ī)/ λp.ļñ-��(Õ̒ī*ȝ4 λf.ļñ�Ũ���*�â�%"͗Have* λp

�> λf.ʊáD˅%"ƴȧ)/͖λp.8�>ʊá�A" λfDȝ̃�@*º�ËDɶ�(
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�"�͖̠żĶ)/ɍ-͑�ËDɶ��*͖7"��{��.=
- λf �«.Õ̒ī*

ȝ4(º�̠ż-��(/ȝ̃ɤɑŖɤ,ËDɶ��*�æǤ�"͗ 
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Figure 5-20. Øɒ̠żıˈ͂g�a.âŽ (a) Have,  

b) ǱŨƏɌ͑�DŔʫ�(ʊá�" Have , c) ǱŅȉɖȝɐ�>ʊá�" λp)  

Average building height [m]�

Average building height [m]�

Plane area density�

a)�

b)�

c)�
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Figure 5-21. (a) ISA*©ċŞƌ�>ʊá�" λp, b) λp�>ʊá�" λf, 

 c) Have, λp�>ʊá�" λf .Øɒ̠żıˈ͂g�a.âŽ  

Plane area density�

Frontal area density�

Frontal area density�

a)�

b)�

c)�
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s 6r  

5i�J@z�#1 
vM_~  

 

6.1 ����  

� Ǹʅ)/ 5͖ʅ.(5-4-1-2), (5-4-2-2), (5-4-3-2).ƴȧ=?¾Ʊ�"Øɒ̠żıˈ͂g�a

x�\.ʒƌȊ˛D˅
�*Dɧɤ*�@͗7�͖G[G*���dp.̠ż)�@i

Ie�x���͖Z�P|��͖Ņ̮-��(͖3ȖÔƏɌƧĹ�>ʊá�"ƏɌƖƭp

���a*íʅ�>ǊŔ�" Have, λp, λf*.ȝ̃D ɩ͖̫̫Å*ʃ̪âŽ-ɮɧ�(˅
  ͗

� Ȗ-�PZfHDţ˭*�(Ȏʍ�"Øɒıˈ͂g�a.Ȋ˗D˅
͗ɍ-ƏɌƧĹ

��ûâ)�@�PZfH*�(L[vh�OI�͖tH�s��}k�͖I���f

w��͖jI[K�G��W\͖u�[���Ng[�lI�D̜ƺ�͖ A>̠żĶ

-��(ıˈ͂g�ax�\�̠żDćǧ�(�@�.Ȋ˗D˅
͗�>-͖37 .�P

ZfH-��@ƏɌƖƭp���a.ʝ˖˔ǽD˅�͖Ēp���a.ȝ̃D˅
͗ 

 

6.2 NfRB   

� 7�͖Table 6-1 -x���͖Z�P|��͖Ņ̮-��@ȟÊſ͖ƏɌƧĹDɶ�͗

x���/iIeÚĝī.͎̠)�@͗ɍ-x���/͖iIeù̟.Ü̴̟-¹ʧ�

(�?͖13 �ʔ�>ɢŮ�(�"̠ż*�(ɰ>A@͗Ȗ.Z�P|��/͖}��Z

GüŴ.þʆ-¹ʧ�@̠żīś)�?͖īĮ͂ʁ/ 719.1km2*Ũ���͑�©ċŞƌ

Dˠ?͖©ċDĈŜ�@":.͑Űr��͑Şƌ)Ə˙�A(�@͗Ǳƚ.Ņ̮/͖Ǣ

ǸǸŷ-�@ȶų̠ż)�?͖ġȋ.�Ƣı*�(ɢŮD̓�(�"̠ż)�@͗ 

 

6-2-1) x���Ć1Z�P|��  

� x���.ƏɌƧĹ/͖É�.͑�ƧĹDĘ9 building footprintD shapetFI�ƖƐ

-ñŸ�"g�a^dh)�?͖Ǹɳʂ)/iIe. Model-based city planning and 

application in climate change (MOSAIK)v�[KSh-=?ǋÁ�A";.Dɘ�"͗ 

� �ǟZ�P|��.ƏɌƧĹ/Voronoi cell-ĸ'�(Bottema and Mestayer (1998)�ǋ

ȇ�@ƴȧDɘ�@�*-=?͖100m˔Òƌ.ƏɌƖƭp���aD˅%"(Moral et al. 

(2017)) ʊ͗á�A"ƏɌƖƭp���a/ ArcGIS-Ǎ̄�A(�@ Spatial AnalysisDɘ

�(ǊŔ�"ıˈ͂g�ax�\*ĕ� 1km˔Òƌ-�X�v��͖˔ǽ-ɘ�"͗ 
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6-2-2) Ņ̮  

� Ņ̮.ƏɌg�a/ǢǸ<Ǽ§*ĕȏ-͖ArcGIS 2012*ɬĽ>(2013)�>¾Ʊ�A"

ƏɌƧĹDǈɘ�͖Ņ̮Ƌ-�"@ʌĨDƽá�@�*-=?Ņ̮-��@ƏɌƧĹ*

�"͗�>- .ƧĹ�>ƏɌp���aDʊá�͖ɘ�"͗  

 

Table 6-1. Building information of Berlin, Singapore and Osaka 

Cities Climate classification Building data Based Year 

Berlin ˌųȭȪƦȟÊ(Cfb) MOSAIK 2017 

Singapore ɉſ—ǾȟÊ(Af) 2010 Survey 2010 

Osaka ȳǭȷȿȟÊ(Cfa) ArcGIS 2012 

 

Figure 6-1. x���.˒ȴ=?Ɯ>A"ƏɌƧĹ.ʃ̪âŽ 

 

Figure 6-2. Z�P|��-��@ƏɌƧĹ.ʃ̪âŽ 

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics,
CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community

Legend

test2.tif

Value
High : 159

Low : 0

test2.tif

Value
High : 159

Low : 0

Source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics,
CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community

Have

dMeanHtest21.tif

Value
High : 181.56

 

Low : 0
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6.3=�-!$����VH4�t84
a�  

� Ǹɳʂ)/íʅ)¾Ʊ�"Øɒ̠żıˈ͂g�a-��@ƏɌƖƭp���aD

Prediction͖iIe�x���*Z�P|��͖Ņ̮.ƏɌƧĹ�>ɨǉʊá�"ƏɌƖ

ƭp���aD Observation *�͖Ē̠ż-��(ɩ̫̫ÅD¾Ʊ�͖p���a.ʒƌ

Ȋ˛D˅
͗ 

 

6-3-1) x���  

 ƏɌƖƭp���a-��@ Observation* Prediction.ɩ̫̫Å  

� x���. Observation * Prediction .p���a.ɩ̫̫Å-ɮɧ�@*͖ĒƏɌƖ

ƭp���a-��(ƒ�ɩ̫̫ÅDɶ�(�@�*�ˏ(ĉA@(Figure 6-3)͗ 

� 7� Have-ɮɧ�@* ©͖ċŞƌ*ƏɌ͑��͑�,@T�dh-ţ�(/ P͖rediction

.ÝɑƦ�ʹ��*�â�@͗ɍ- .T�di-��( Observation . Have�ʕ 35m͖

Prediction /ʕ 30m )�@":͖̠żø.Ɨ̓DʬƮ�@�*-Ʊð�"*ʬ�>A@͗

�ǟ)͖©ċŞƌ<ƁńɁ�̠Ƣ*ȝ̃�(º�ıĶ-��(/͖Prediction . Have/�

= 10m �> 15m͖Ŗİ̠ż.ƏɌ͑�*ȝ4(̖Ũ˜Ã�A@Ðė�ˏ>A"͗ .

ˍĦ*�(͖ȚďɤƏ̑Ɍ�ʬ�>A@͗ɍ-���dp.ī�)/͖Č�=?Ǘ´<

ĵ�Ǳ;͑�ƏɌ͑�Dˠ@ƏʍɌ*�(ƶCA(�"͗���,�>͖ A>.Ə̑

Ɍ)/©ċŞƌ�NtH\ˆ<»őˆ*ȝ̃�(©ċŞƌ�º�͖7"ƁńɁ.Ɣƌ�

ƒ�͗ .":͖Have.̖Ũ˜Ã�ɢɖ�"*ʬ�>A@͗ 

� Ȗ- λp< λf.ɩ̫̫Å-ɮɧ�@* Have*ȝ4(Ɣ�Ș.ɩ̫̫ÅDɶ��*�â�

@͗ɍ- Observation . λp< λf� 0.2 ®�.T�di-��(/ Prediction .ÝɑƦ�ʹ

��*�ˏ(ĉA@͗�ǟ)͖λp� 0.2®�.T�di-ţ�(/͖λp/ 0.3�> 0.6͖λf

/ 0.4�> 0.6*̖Ņ˜Ã�A@Ðė�ˏ>A"͗ .ˍĦ*�(/͖�̍͂ʁɐ-��

@ƏɌ.îē�͖ŧáƐDʊá�@":-¿ɘ�"̠ż*ȝ̃�(º�čʱƦ�ʬ�>

A@ �͗>- λf.̖Ņ˜Ã-&�(/ H͖ave.̖Ņ˜Ã� λf.ʊá-Ɨ̓D��"*ʬ�

>A@͗ 

 ƏɌƖƭp���a.ʃ̪âŽ  

� Ȗ-ʃ̪âŽ-ɮɧ� Ē͖̠ż-��( Projection* Observation.ȝ̃D˅
 M͗ap 6-1

-x���-��@ı͖Figure 6-4-Ē̠ż-��@ƏɌƖƭp���a.ʃ̪âŽD 

A!Aɶ�͗ 

� 7�x���-ɮɧ�@*͖Projection* ObservationÚ-̠ż.�Ƣˆ)�@ Mitte)

ɍ-ƏɌƖƭp���a�ĚĨ*ȝ4(͑�ËDɶ��*�ˏ(ĉA@ ɍ͗- Mitte/�

��>iIe-��@ʛȱ.�Ƣı*�(ȃ�͖ǖƋȔ̫<ŅŐʈ.ÙɤȔ̫�Ń�Ə
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˙�A(�"͗�ǟ)»őˆ/�Ƣˆ¬̉-¹ʧ�@ Charlottenburg-Wilmersdorf, 

Friedrichshain-Kreuzberg, Panknow . 3 ú�ǃ�>A͖ .Ü©ċŞƌ�Ǳ;͑�ıĶ/

Friedrichshain-Kreuzberg)�@͗Ə˃ɐ.͑�/©ċŞƌ.͑� A>.ıĶ*�ʵ�@

�*�â�@͗ 

� ǊŔ�"ƏɌƖƭp���a*ȝ̃�@*͖Mitte D�Ƣ*�(Ēp���a.Ë�͑

�ǊŔ�A(�"�*DĊ�͖̠żĶ.Ɨ̓DʬƮ�@�*�čʱ)�@�*�ɶ�A

" �͗��,�> Have.ʃ̪âŽ-ɮɧ�@* Ŗ͖İ̠ż Observation*ȝ4(̖Ũ˜Ã͖

λp * λf -&�(/̖Ņ˜Ã�@Ðė�ˏ>A"͗ .ɓɚ*�(͖ȚďɤƏ̑Ɍ-��

@ǫ˒.Æ˫-ĸ'�"Əʍːé-=@Ɨ̓�ǃ�>A@͗Senate Department for Urban 

Development and the Environment-=@*͖x���-��@Əʍːé/ƏɌŜʁ)Ŕ:

>A(�?͖̠żĶ)Ŝʁ͂ʁ/ 1.0 �> 1.2͖ȚďɤƏ̑Ɍ��@ıú-��(ƏɌ͂

ʁȝɐ/ 0.1͖ƏɌŜʁ͂ʁ/ 0.05®�*,%(�@͗ʊá�"ıˈ͂g�a)/͖Țď

ɤƏ̑Ɍıú.ƽá<͖x���.Əʍːé.Ɨ̓Dćǧ�@�*/ħ̽DȌ:@͗i

Ie)/͖Čǻ=?Ǘ´�Ǳ;͑�ƏɌ*�(Æ˫�A(�?͖Ǘ´=?͑�ƏɌ.Ə

ʍ/ɺȗ�A(�"͗�>-ȚďɤƏ̑Ɍ��Ƣˆ-‐��(�@�*DĊ�͖ƏɌ͑

�.͑�»őˆ�̞ł-Ə˙�A(�@͗ɍ- 1956ƅ)/͖ǫ˒Æ˫-=?ƏɌ.̗˾

Ƃ.ːé�˙�>A" 7͗" i͖Ie)/ʳɇÙĭ�»őˆ-;Ń�âŽ�(�@":͖

ƏɌ.Ş‐ɐ�G[G.̠ż*ȝ4(;º��*�ˍĦ*�(ǃ�>A@͗ 

 

 

 

 

 

 

Figure 6-3. x���.ƏɌƧĹ�>ʊá�" Observation*Øɒ̠żıˈ͂g�a Prediction.̫Å 

(a) Have, b) λp, c) λf) 

R2=0.14� R2=0.30� R2=0.31�
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Map 6-1. x���.ıĩ (http://www.berlin-germany-fanclub.com/berlin-map.html) 

 

 

Figure 6-4. x���. Have͖λp͖λf-��@ Observation* Prediction.ʃ̪âŽ 
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6-3-2) Z�P|��  

 ƏɌƖƭp���a-��@ Observation* Prediction.ɩ̫̫Å  

� Z�P|��-��@ Observation* Prediction.p���a.ɩ̫̫Å-ɮɧ�@*͖

λp* λf-��( Prediction.âǘ/ˏ>A͖+.ƏɌƖƭp���a-&�(;ɩ̫̫Å

/ˏ>A,�%"(Figure 6-5)͗Z�P|��. Have-̫�(/͖Prediction/ Observation

-ȝ4ǱŅ 100m®�;.̖Ũ˜Ã�ˏ>A"͗ .ɓɚ*�(͖ƁńɁ�Z�P|��

.ˆ˾Ȓ-=?�A@�*-=?͖Ŗİ̠ż-��@ƁńɁ*ȝ̃�(̖Ũ˜Ã�A"

*ʬ�>A@͗ .ɓɚ-&�(®�-˟��˕Ć�@͗ 

� Z�P|��/˸̗¬̉-¹ʧ�@̠żīś)�@":͖�ƅD̏�(Ǣź��́Ɓ

-Ɣ�͗�>-īĮ�Ɏ�͖©ċŞƌ�͑�":͖»őˆ-��@ƏɌ͑�/NtH\

ˆ-ò>�́Ɓ-͑�,%(�@͗ .":͖Ɣ�Ǣź�D̛@Ÿň*�( 1) ˆ˾Ȓ*

2) ŭȅ͂.ǀŅ�ǈɘ�A(�"͗7�ˆ˾Ȓ-&�(/͖Î.ƖD�(�@ȒǶ)�

@ rain tree(çĖ:��Q�|di)Dǈɘ�(�@(Picture 6-1)͗rain tree.ɍƠ*�(͑ƌ

30m 7)Ʊ̨�@ȒǶ*�(ɰ>A͖Ȁ/ 20
30m *,@�*�>͖ș˅ʭ�Ċ�@Ň

̵ÖDìȲ�@�*�čʱ*,@͗�>-˸̗¬̉-¹ʧ�@̠żīś)�@�*�>͖

Ň̵Ö�×?̈8ɉDƏɌÜ̟-Ⱥ:̈8̖�,�=
-�@":͖ƏɌ.ŭȅ͂DŅ

���"?͖ŭ�ʡøDǈɘ�"?�(ɔĻĺ-̚ɘ�(ɖ�"͗���,�>͖ A

>.Ň̵Öţʉ<̠żȳǭøʣĝʉ-=?͖̠żĶ�>Ǖá�A@ƁńɁ�ŭȅ<ȉɖ

-=%(̛>A͖ˇǦ�ǅ�@ƁńɁ�Ŗ̸.Ë*ȝ̃�(̖Ũ˜Ã�A@�*-ʦ�

%"*ʬ�>A@(Picture 6-2).�>- Figure 6-6-Z�P|��-��@©ċŞƌ͖Ɓń

Ɂ͖©ċŞƌDƁńɁ)ˊȘ�"ʃ̪âŽDɶ�͗ .ʜǿ͖Z�P|��.̠Ƣ-�

�@ƁńɁ�Ÿȋı*ȝ̃�(º�͖©ċŞƌDˊȘ�"ƚ.âŽ*í.âŽ)̠Ƣ.

Ë-ŀø�ˏ>A,�%"͗ .":͖ƁńɁDɘ�"©ċ.ˊȘ-&�(/ḛ́��

@͗  

 

 ƏɌƖƭp���a.ʃ̪âŽ  

� Ȗ-Z�P|��-��@ʃ̪âŽ-ɮɧ�͖Prediction .ʒƌ-&�(Ȋ˛D˅


(Map 6-2, Figure 6-7DąɈ.�*)͗7� Observation.ʃ̪âŽ-ɮɧ�@*͖NtH\

ˆ<ġȋǠ˙�Ń�‐7%(�@ Orchard< Downtown Core͖Clarke Quay-��(ƏɌ

Ɩƭp���a�ɍ-͑�ʊá�A(�@�*�â�@͗ A®ł-p���a.Ë�

͑�ıĶ*�(͖�Ƣˆ�>Ǽ-¹ʧ�@ GeylangıĶ͖Geylangıú.ù̟-¹ʧ�@

Hougangıú �͖Ƣˆ�>ùˌ-¹ʧ�@ Bukit Timahıú Ÿ͖ĺıſ)�@ Tuasıú<

Pioneerıú͖Boon Layıú�ǃ�>A@͗�ǟ) Projected-ɮɧ�@*͖̠Ƣ̟DĘ9
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Bukit Timahıú�> Geylangıú͖Tuasıú< Pioneerıú͖Boon Layıú-��(;

ƏɌƖƭp���a�ĚĨ.Ë=?;͑�,%(�@":͖ÝɑƦ�ʹ�*˕�@͗�

��,�> P͖rediction. λp< λf/ Paya Leber, Changi Bay-��(̖Ņ˜Ã�@�*�æ

Ǥ�"͗ .ˍĦ-&�(®�)˪˦D˅
͗ 

� Paya Leber, Changi Bay-/ʃ́ĸı)�@ Changi Air Base, Paya Lebar Air Base 7͖"Ə

ʍȧ.Ɨ̓�ʬ�>A@͗ʃ́.Ȼ˹˾)/©ċŞƌ/º��͖�͂�G\tF�h<

V�S��h-ˎCA(�@": ISA �͑�͖ʜǿɤ- λp�̖Ņ˜Ã�A(ʊá�A"

*ʬ�>A@͗7"͖Z�P|��/ Paya Leber, Changi Bay ®ł.ʃ́ĸı*�(

Sembawang Air BaseDƳǳ�(�@  ͗.": Z͖�P|��ù̟-¹ʧ�@ Sembewang

ıú-��(;ĕȏ- λp* λf�̖Ņ˜Ã�A(�@�*�â�@͗�>-͖;
�&.

ˍĦ*�(͖Z�P|��-��@Əʍĸȹȧ.Ɨ̓�ʬ�>A@͗  Urban 

Redevelopment Authority-=@* Ə͖Ɍ͑�/ƏɌʠāǳɐ-ţ�@ƏɌ̶ŰǙ.ȝɐ-

=%(Ŕ:�A(�@͗ .": λp�͑�ıĶ-��( Have/ĚĨ*ȝ4(º�Ə˙�

A@":͖º�ËDĉ@͗�ǟ)͖Prediction /©ċŞƌ-ÂŎ�"ʛ͐ëDŔʫ�(�

@":͖Have* λp͖λf/©ċŞƌ�͑�ɽ͖ļñ�@̫Ǚ*,%(�@͗®�=?͖Z�

P|��.Əʍĸȹȧ*/ɠ,@ǃöDɶ�"*˕�@͗Əʍĸȹȧ.˟ʘ-&�(/

®�. websiteDąɈ�A"�͗ 

https://www.ura.gov.sg/uol/master-plan/View-Control-Plans/Building-Height-Plan. 

 

 

 

 

 

 

Figure 6-5. Z�P|��.ƏɌƧĹ�>ʊá�" Observation*Øɒ̠żıˈ͂g�a Prediction.̫Å 

(a) Have, b) λp, c) λf) 

R2=0.0004� R2=0.02� R2=0.10�
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Picture 6-1. Z�P|��.ˆ˾Ȓ. Rain Tree (https://www.nparks.gov.sg/) 

 

Picture 6-2. ‐ē»ő HDB.Ņ�,ŭȅ (https://encounteringurbanization.wordpress.com) 

 

Figure 6-6. Z�P|��-��@ a) ©ċŞƌ͖b) ©ċŞƌƁńɁˊȘg�a* c) ƁńɁ VIIRS 

nighttime light [W/km2]�

c)�

a)� b)�

population density [population/km2]�
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Map 6-2.�Z�P|��.ıĩ�(http://www.street-directory.com/aic2/) 

 

 

 

Figure 6-7. Z�P|��. Have͖λp͖λf-��@ Observation* Prediction.ʃ̪âŽ 
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6-3-3) Ņ̮  

 ƏɌƖƭp���a-��@ Observation* Prediction.ɩ̫̫Å  

� Ņ̮.Observation*Prediction.p���a.ɩ̫̫ÅDɶ�Figure 6-7-ɮɧ�@*͖

ĒƏɌƖƭp���a-��(Ș.ɩ̫̫ÅDɶ�(�@�*�ˏ(ĉA@͗ɍ- λf -

��(/ Prediction .ÝɑƦ�Ǳ;ʹ��*�â�@͗�ǟ Have.ɩ̫̫Å-&�(/͖

Prediction� Observation*ȝ4(ʕ 4m.̖Ņ˜Ã͖7" λp-̫�(/ Prediction.Ë�

Observation *ȝ̃�(̖Ũ˜Ã�@Ðė�ˏ>A"͗���,�>͖Prediction *

Observation. R2-ɮɧ�@* λ͖p< λf/ 0.77*́Ɓ-Ɣ�ɩ̫̫Å�ˏ>A@�*�æ

Ǥ�"͗  

� «. 2 ̠ż*ȝ̃�(Ɣ�ɩ̫̫Å�ˏ>A"ɓɚ*�(/͖Ņ̮/ǢǸ)�?͖�

��dp.̠ż<īĮ͂ʁ�Ũ��Z�P|��*ȝ̃�(͖ƏɌƖƭp���a�©

ċŞƌ< ISA .ļñ-ÂŎ�"�*͖7"I�vdh*�(ɘ�"Ǽ§*Ņ̮.ƏɌƖ

ƭp���a-Ņ�,ź�ɖ�,�%"":͖ÝɑƦ.ė�3*ʦ�%"*ʬ�>A@  ͗

 ƏɌƖƭp���a.ʃ̪âŽ  

� Ņ̮.ʃ̪âŽDˈ� Figure 6-8=? O͖bservation. Have/Ņ̮ż͖ęəż͖ˬəż)

͑�,?͖λp* λf/Ņ̮.Ņ̟â.ıĶ) 0.35 ®�.Ë*,%(�@�*�â�@͗�

ǟ) Prediction-��@ĒƖƭp���a.ʃ̪âŽ-ɮɧ�@*͖Ēp���a/Ņ̮

ż)ǱŅËDĉ@�*�æǤ�"͗�ǟ) Have/Ņ̮Ø¼-��( 10m ®�-,?͖Ņ

̮ż®ł.ıĶ)/ʕ 4m .̖Ņ˜Ã*,%(�@͗7" λp* λf-ɮɧ�@*͖+$>

.p���a;Ņ̮ż®ł-��(̖Ũ˜Ã�(�@�*�â�@͗ .ɓɚ-&�(͖

®�-̊4@͗ 

� 7� Have .̖Ņ˜Ã-&�(˪˦�@͗Have .ıˈ͂g�a.ʊáǟȧ)/͖GDPcity

Dɘ�"ʛ͐ëDɘ�(�@�͖GDPcity .ǊŔ/Ņ̮Ƌ)˅,%(�@":͖̠Ƣ̟.

Ņ̮ż<ˬ�ż< Ņ͖̮þ̟.żɜǹ-��(;ĕȏ.Ë�ɘ�>A"": H͖ave�Ņ�

�ʊá�A"�*�ʬ�>A@͗�ǟ)͖ǢǸ.̠ż)/i�jeøɑ˭-=?͖̠Ƣ

̟.©ċŞƌ/ũ,�͖̞ł-��-&A͑�,%(�@͗�>-͖Ņ̮-��@»ő

ˆ-&�(/͖ƏɌ͑�Dḛ́�@Əʍĸȹȧ�ǈɘ�A(�@�*;ʬ�>A@͗ɑ

İ͖Ņ̮ż-=@*Əʍĸȹȧ/͖͍͖̏ǢɈ͖ǈÖ.˒Ʌ�> 10m D˻�@»őˆ.

ƏɌ͑�-̚ɘ�A͖̗˾͑�ḛ͖̹́̉ƏɌ͑�ḛ͖́ǢƗːé. 3 &.ḛ́ȧ-=

%(Ŕ:>A(�@͗ .":͖ƏɌ͑�/̞ł<»őˆ-��(º�,%(�@͗®

�=?͖̞ł-��( Have�̖Ņ˜Ã�A"*ʬ�>A@͗ 

� Ȗ- λp* λf.̖Ũ˜Ã-ɮɧ�@͗Have/Əʍĸȹȧ.͑�ḛ́-=?º�,%(�

@�͖͑�©ċŞƌDǳ�@Ņ̮)/©�DĈŜ�@ƣˍ��@͗ .":͖ƏɌŞƌ
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�̞ł-��(;̠Ƣ̟ĕȏ͑�,%"*ʬ�>A@͗ 

 

 

 

 

Figure 6-8. Ņ̮.ƏɌƧĹ�>ʊá�" Observation*Øɒ̠żıˈ͂g�a Prediction.̫Å 

(a) Have, b) λp, c) λf) 

 

 

 

Map 6-3. Ņ̮.ıĩ�(http://sumai.osaka-anshin.com) 
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Figure 6-9. Ņ̮. Have͖λp͖λf-��@ Observation* Prediction.ʃ̪âŽ 
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6.4 )��"�����5i�J@z�#1 
x}|^  

6-4-1) 5&.�PZfH-��@̠żƧĹ.ʃ̪âŽ  

� ɑİ 37&.�PZfH��@*˕CA(�@͗Ē�PZfH/G[GĬ͖���dp

Ĭ͖þùG��O-��(ºʤƌ�>�ʤƌſ-��(Ɖ�âŽ�(�@͗ɍ-Ø�P

ZfH.�= 60%®�.̠ż�G[GĬ-âŽ�(�?͖þG[G<ǼG[G)/͖

���dp<G��O*ȝ4(͑Şƌ)âŽ�(�@�*�ˏ(ĉA@(Figure 6-10, 

Table 6-2DąɈ.�*) 7͗"Ø¼. 70%®�.�PZfH�ɢŮ̎�ī-â͌�A@ī

-ů�@̠ż)�@͗ 

� Ǹ͆)/͖ɢŮ̎�ī-��@ƏɌƖƭp���a�̠żĶDćǧ�(�@�ɮɧ�

@͗ .":-̠żƧĹDǁ",�̠ż.
$͖ɠ,@ȟÊſ͖ʄıDǁ& 5 ̠ż*�

(OI�͖fw��͖}k�͖�W\͖�Ng[�lI�Dţ˭ıĶ*�(Ŕ:"͗Ǹ

͆)/ A> 5̠ż-��@ʃ̪âŽ-ɮɧ�@(Figure 6-11)͗  

� 7�͖5 ̠ż.˟ʘ-&�(̊4@͗fw��D̲� 4 ̠ż/ɢŮ̎�ī.̠ż)�

@͗�>-}k�͖fw��/G[GĬ͖�Ng[�lI�/þG��O͖OI�*�

W\/Gt�OĬ-�?͖OI�͖}k�͖�W\͖�Ng[�lI�. 4 ̠ż/ȭų

Ȧ�.ʄı͖7"fw��/Ü̴̟-¹ʧ�@̠ż)�@͗ 

� Ȗ-Ē̠ż-��@ıˈ̠͂żg�a.ʃ̪âŽ-&�(͖λp Dɘ�(˪˦D˅
͗

7� A>̠ż*ĚĨ.̠żĶDĘ9ʷʃÞɬ-ɮɧ�@*͖}k�͖�Ng[�lI

� �͖W\)/̠żĶ*ȈǾıſ-��@ˉˎ͂ʺ.̙��͓Ǥ-ˏ(ĉA@ �͗ǟ)͖

ɲȽıſ)�@OI�<fw��/̠ż.Ě?�ɲȽ<¢Ɋ�"Ņı)Ĩ7A(�?͖

̠żĶDʮɭ)æç�@�*/*(;̽���*�â�@͗Darmanto et al.(2017)�ǋȇ

�"ƴȧ)/͖ˇǦɝÒ-��@̠ż*ĚĨɔĻĺ.ˉˎ͂.Ȩ̨.ź�Ņ��̠ż)

/̚ɘ�čʱ)/�@�͖OI�<fw��,+.ˉˎ͂ʺ-Ņ��,ź�ˏ>A,�

̠ż)/Ȩ̨ſ.ʒƌ˥ʋ�̽��͖̚ɘ�ħ̽)�@�*�ǃ�>A@͗���,�

> λp.ʃ̪âŽDɘ�@*͖5 ̠ż-��@̠żĶ)©ċ�ũ,�ɲȽıſ<űŲıĶ

*ȝ̃�( λp.Ë�͑�,%(�@�*�>͖̠ żĶDǅ�@�*-Ʊð�"*˕�@͗

�>-͖̠żĶ) λp.ŀø�ˏ>A@}k�*OI�͖fw��.˟��âŽ-ɮɧ�

@*͖ A!A}k�̠Ƣ͖k��OI�*OI�DĘ9̠żĶ͖fw��̠Ƣ̟-�

�(ɍ- λp�Ņ��,@�*�â�%"͗ .":͖ɍ-̠żø�"ıĶ.ÐėD©ċ

Şƌ<�̍͂ʁɐDɘ�(ćǧ�@�*�čʱ)�@�*�æǤ�"͗ 

� ®�=?͖ʎǥɤ,ƴȧDɘ�(ʊá�"ƏɌƖƭp���a)/�@�͖Õ̒ī<

ɢŮ̎�īĕȏ-̠żĶDǅ�@�*-Ʊð�(�?͖7"̠żø.ÐėDćǧ�@�

*�čʱ)�@�*�â�%"͗ 
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Figure 6-10. 2017ƅɑİ-�PZfH*Ŕʫ�A@̠ż.âŽ (United Nation 2017)  

 

 

Figure 6-11. Ē̠ż-��@ λp.ʃ̪âŽ (a: Manila, b: Rio de Janeiro, c: Tehran, d: Lagos, Cairo) 
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Table 6-2. �PZfH 37̠ż-��@©ċ*©ċŞƌ (source: United Nation 2017) 

City Country Population Population density [people/km2] 

Tokyo-Yokohama Japan 37,900,000 4,400 

Jakarta Indonesia 31,760,000 9,600 

Delhi India 26,495,000 12,000 

Manila Philippines 24,245,000 13,600 

Seoul-Incheon South Korea 24,105,000 8,800 

Karachi Pakistan 23,545,000 23,300 

Shanghai China 23,390,000 6,000 

Mumbai India 22,885,000 26,000 

New York United States 21,445,000 1,700 

Sao Paulo Brazil 20,850,000 6,900 

Beijing China 20,415,000 4,900 

Mexico city Mexico 20,400,000 8,600 

Guangzhou-Foshan China 19,075,000 5,000 

Osaka-Kobe-Kyoto Japan 17,075,000 5,300 

Dhaka Bangladesh 16,820,000 45,700 

Moscow Russia 16,710,000 2,900 

Cairo Egypt 16,225,000 8,500 

Bangkok Thailand 15,645,000 5,100 

Los Angeles-Riverside United States 15,500,000 2,300 

Buenos Aires Argentina 15,335,000 4,800 

Kolkata India 14,950,000 11,100 

Tehran Iran 13,805,000 7,900 

Istanbul Turkey 13,755,000 10,100 

Lagos Nigeria 13,360,000 9,400 

Tianjin China 13,245,000 4,800 

Shenzhen China 12,775,000 7,300 

Rio de Janeiro Brazil 11,900,000 5,900 

Kinshasa Congo 11,855,000 20,300 

Lima Peru 11,150,000 12,500 

Chengdu China 11,050,000 6,400 

Paris France 10,950,000 3,700 

Lahore Pakistan 10,665,000 12,700 

Bangalore India 10,535,000 9,000 

London United Kingdom 10,470,000 5,600 

Ho Chi Minh city Viet Nam 10,380,000 6,600 

Chennai India 10,265,000 9,900 

Nagoya Japan 10,070,000 2,600 
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6-4-2) 37̠ż-��@ıˈ͂g�a.ʝ˖˔ǽ  

� ̠żƧĹ��ûâ,̠ż-&�(;ʊá�"ıˈ͂p���a� .̠ż-��@̠

żøÐėDćǧ�(�@�*DĊ� Ǹ͖ʋ)/ 37̠ż-��@Ēp���a.ʝ˖˔ǽ

D˅�͖p���a.Ðė-&�(.˪˦D˅
͗˪˦D˅
̸-͖Table 6-2.©ċŞ

ƌ-&�(Ē̠ż.©ċŞƌ�͑�͇ɟ3*�1ǰ�͖˔ǽD˅%"͗ .ʜǿ* 37̠

ż-��@ Have, λp, λf.ʝ˖ËD Figure 6-11-ɶ�͗ 

�  .ʜǿ͖©ċŞƌ.͑�̠ż-��(/ Have�º�͖7" λp�͑�ʊá�A@�*

�ˏ(ĉA@͗�ǟ)©ċŞƌ.º�̠ż)/ Have< λf�͑�͖7" λp�º�ʊá�A

@Ðė�ˏ>A"͗ A!A.Ðė-&�(®�-˟��˪˦D˅
͗ 

� 7� Have-��(/ ©͖ċŞƌDɘ�"Ɛ(5.2)-(5.3),(5-6)-(5.7)-=%(ŧá�A(�@͗

7"©ċŞƌ/ GDPcity)Ŕʫ�@�*�čʱ)�@":͖˅ ǖú.ɖɗ̤�Ń�̠ż)

͑�ʊá�A@Ðė-�@͗ɍ- Have.ǱŅË� 50m®�-,@̠ż-ɮɧ�@*͖�

�i�<�X�_�\ k͖����Sʈ͖͑ �ʛȱȠȹDǁ&̠ż)�@�*�â�@͗

7" Have.�ŉË<ǱŨË-&�(ɮɧ�@*͖Ē̠ż̪-��(Ņ�,ź/ˏ>A,

�%"͗ .ɓɚ*�(/͖ǱŨË/ 4m )ĪŔ�A(�@�*͖7"�ŉË-&�(

/Ē˅ǖú-��(ǱŅËDɶ�̠ƢĶ.͂ʁ/̞ł͂ʁ*ȝ̃�@*Ũ��͖ǱŨË

-̉�̞ł.Ë-Ɨ̓DĊ�"":͖̠Ƣ̟.͑�Ë/Ƶ$ȯ�A"*ʬ�>A@͗ 

� Ȗ- λp-&�(Ȋ˗D˅
  ͗ λp.ǱŅË/©ċŞƌ�º�̠ż)º�,@�  ͖.ɓ

ɚ*�(/͖ǱŅË�Ɛ(5.12)-=%(Ŕʫ�A(�?͖͑�ʛȱȠȹ.̠ż-��(º

�,@Ðė��@":)�@͗ɍ-͑�ʛȱȠȹDǁ&�X�_�\͖��i�͖p�

ʈ.G��O<���dp.̠ż)/͖G[G.Ǟʶī*ȝ4(©ċŞƌ�Ũ���*

<͖ǫ˒Æ˫.":-Əʍĸȹȧ�Ŕ:>A(�@":͖ƏɌŞƌ/º�͗ǱŨË-&

�(/͖Have ĕȏ̠ż̪)Ņ�,ź/ˏ>A,�%"�͖�ŉË-&�(/u�m\G

I�\<�QZVZfH͖}k�)͑�ËDĉ@�*�æǤ�"͗ .ɓɚ*�(/͖

©ŸɌ-ƏɌ.ā:@îē�͑��*�ʬ�>A@͗λp/ ISA *©ċŞƌ�>Ŕʫ�A

(�@� ©͖ċŞƌ*ȝ4( ISA.ŝ��Ņ�� 7͖"�©ƕ"? GDP�º�ī-��

(ɍ- .ŝ��ļŅ�@  ͗.": G͖DP.º�ī.̠ż-��(͑� λp�ʊá�A͖

�ŉË�͑�,%"*ʬ�>A@͗ 

� Ǳƚ- λf-ɮɧ�@*͖ǱŅË-��(/ Haveĕȏ͖ʛȱ�ɢŮ�(�@̠ż-��

(͑�,@Ðė�ˏ>A"͗�ŉË-&�(/͖λf/ Have< λp.Ń͆ƐDɘ�(ʊá�

A"":͖�˘ 2 &.p���a.�ŉË-ÂŎ�@Ðė�ˏ>A"͗ .":͖�ŉ

Ë�͑� Have< λpDǁ&̠ż)/ λf.�ŉË;͑�ʊá�A͖�ŉË�º�̠ż-&�

(/º�,@Ðė�ˏ>A"͗   
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6.5 s 6r���  

� ʇ 6 ʅ)/ʇ 5 ʅ)Ȏʍ�"ĥƀƐ�>Ɯ>A"Øɒ̠żıˈ͂g�a.ʒƌȊ˛<

 .ʝ˖̤-&�(˪˦D˅,%"͗ 

� 7�Øɒ̠żıˈ͂g�a.ʒƌȊ˛-&�(/͖x���͖Z�P|��͖Ņ̮. 3

̠ż.̠żƧĹ�>ʊá�"ƏɌƖƭp���a Observation *.ȝ̃D˅%"͗ .ʜ

ǿ͖Ē̠ż.ɩ̫̫Å-ɮɧ�@*͖Ņ̮-��@ λp λ͖f)/́Ɓ-Ɣ�ɩ̫̫Å�͖Ņ

̮. Have͖x���. λp λ͖f)/ɩ̫̫Å�͖x���. Have<Z�P|��)/ɩ̫̫

Å�5*E+ˏ>A,��*�æǤ�"͗ 

� Ȗ-̠żıˈ͂g�a.ʃ̪âŽ-ɮɧ�@*͖Ē̠ż-��(©ċŞƌ�͑�̠Ƣ

̟-��(̠żıˈ͂p���a.Ë�͑�,?͖̞ł)/º�,@Ðė�ˏ>A"͗

Ē̠ż-ɮɧ�@*͖x���-��(/ Have.̖Ũ˜Ã͖7" λp λ͖f.̖Ņ˜Ã�ˏ>

A"͗Have.̖Ũ˜Ã�ɖ�"ɓɚ*�(/͖ȚďɤƏ̑Ɍ<.Ɨ̓�ʬ�>A@͗ɍ-

ȚďɤƏ̑Ɍ)/©ċŞƌ<ƁńɁ�º�":͖ A>.ƏɌ͑�Dćǧ�@�*/ħ

̽)�@͗�>-͖̠Ƣ̟-��@ λp.̖Ņ˜Ã-&�(/ȚďɤƏ̑Ɍ-=@ǫ˒Æ

˫.ˑɅ=?͖ƏɌŜ̤�Ŕ:>A(�@":x���-��@ λp/º�˙Ŕ�A(�

@�*�ǃ�>A@͗ 

� Z�P|��-��(;͖x���ĕȏ-̠Ƣ̟. Have .̖Ũ˜Ã͖7"ʃ́ĸı-

��@ λp.̖Ņ˜Ã�ˏ>A"͗Z�P|��-��@ Have.̖Ũ˜Ã.ˍĦ*�(/

ˆ˾Ȓ<ŭȅ͂-=%(̛>A"ƁńɁ.̖Ũ˜Ã�ǃ�>A͖ƁńɁ.¿ɘ-/ḛ́

��@�*�æǤ�"͗�>- λ͖p-&�(/�̍͂ʁɐ�>ʊá�"":͖»őˆ�>

̉�͖7"V�S��h<G\tF�h-ˎCA(�@ʃ́ĸı<ʃȵ-��( λp�͑

�ʊá�A"͗ 

� Ņ̮-��(/͖Have/̖Ņ˜Ã�͖λp* λf/̖Ũ˜Ã�@�*�æǤ�"͗ɍ- Have

.̖Ņ˜Ã/̠Ƣ̟)/,�̞ł-��(ɖ�"":͖ɘ�" GDPcity.Ë�̞ł.żɜ

ǹ-ţ�(Ņ��Ë*,%"�*�ʬ�>A@͗7"Ņ̮-��@Əʍĸȹȧ)/ƏɌ

͑�/̗˾Ƃ<̹̉.ƏɌ͑� Ǣ͖Ɨːé-=?Ŕ:>A(�@": H͖ave�̖Ņ˜Ã�

A"*ʬ�>A@͗7"͖λp * λf .̖Ũ˜Ã-&�(/ƏɌ͑��ḛ́�A(�@­C

?-Ń�.©�DĈŜ�@":-ƏɌŞƌ�͑�,@�͖ A>.Ɨ̓/©ċŞƌ)ć

ǧ�@�*�̽��*ʬ�>A@͗ 

� Ȗ-ɠ,@ȟÊſ<ʄıDǁ$͖ƏɌƧĹ��ûâ)�@ 5 &.�PZfH(OI�͖

fw��͖}k�͖�W\͖�Ng[�lI�)-ţ�(͖Ȏʍ�"̠żıˈ͂g�a.

ʃ̪âŽ-ɮɧ�"͗ .ʜǿɠ,@ȟÊſ<ʄı.̠ż-ţ�(;͖̠żø�"ıĶ
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.ÐėD©ċŞƌ<ƁńɁ͖�̍͂ʁɐDɘ�(ćǧ�@�*�čʱ)�@�*�ɶ�

A"͗ 

� Ǳƚ- 37.�PZfH-��(͖ A!A.̠żıˈ͂p���a.ʝ˖̤-&�(

˪˦D˅,%"͗ .ʜǿ͖©ċŞƌ.º�̠ż)/ Have< λf�͑�͖λp�º�ʊá�

A@Ðė�ˏ>A"͗ɍ- Have/ GDPcity)Ŕʫ�A(�@":ʛȱȠȹ.͑���i�

<͖�X�_�\͖k����S)ǱŅË� 50m ®�*͑�Ë*,%"͗λp-&�(/

ǱŅË� GDPcapita )Ŕʫ�A(�@":͖ʛȱȠȹ.͑�̠ż-��(/º�͖ʛȱȠ

ȹ.º�̠ż)/ǱŅË�͑�,%"͗7"͖�ŉË-ɮɧ�@*u�m\GI�\<

�QZVZfH-��(͖©ŸɌ-ā:@ƏɌ.îē�͑�":͑�ËDĉ@Ðė�ˏ

>A"͗λf -ɮɧ�@*͖Have * λp .ĝ�>ʊá�A(�@":ǱŅË-��(/ Have

*ĕȏ-ʛȱȠȹ.͑�̠ż-��(͑�,?͖�ŉË-&�(/ Have* λp.Ðė-Â

Ŏ�@�*�æǤ�"͗ 

� ®�.ʜǿD˿7�͖ʎǥɤ,ƴȧDɘ�(¾Ʊ�"Øɒ̠żıˈ͂g�a)/�@

�͖Õ̒ī<ɢŮ̎�ī.̠żĶDǅ�@�*͖7"̠żø.Ɨ̓Dćǧ�@�*-Ʊ

ð�"͗���,�>͖Øɒ̠żıˈ͂g�a.ḛ́*�(͖Ē̠ż.ǁ&˟ʘ,Əʍ

ĸȹȧDʟʨ�@�*/ɑǩɅ)/́Ɓ-ħ̽)�@�*͖�>-Z�P|��,+ŭ

ȅ͂�Ņ��͖ˆ˾Ȓ�Ń�Ŏİ�(�@ıĶ)/ƁńɁ�̖Ũ˜Ã�A(�@�*�

ǃ�>A@͗ 
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7.1 ����  

� ʇ 6 ʅ)/͖Ȏʍ�"Øɒ̠żıˈ͂g�a/˟ʘ,ƏɌƧĹ��ûâ,ıĶ-��

(͖̠żø.Ɨ̓Dćǧ�@�*-Ʊð�(�@�*�æǤ�"͗ .":͖Ǹʅ)/

ȟ˭�g�-̠żıˈ͂g�aDŧ×�͖®�. 2Ʌ-&�(˪˦D˅
͗ 

• ʊá�"̠żıˈ͂g�a.ȟ˭ĺ.ÝɑƦ 

• þG[G�ǼþG[G.�PZfH-��@̠żȳǭøƗ̓.ȝ̃Ć1ʝ˖ɤ˔ǽ 

� 7�͖Øɒ̠żıˈ͂g�a.ȟ˭ĺ.ÝɑƦD˪˦�@":-͖̠żıˈ͂g�a

Dȟ˭�g�WRF-ARW model version 3.3.1-ŧ×�"˖ʊD˅
͗ .ƚ͖ɑ˅.̠ż

�g�Dɘ�"˖ʊ*˒ȴË*.ȝ̃D˅�͖[�O�a.ȟ˭ĺ.ÝɑƦ-&�(̊

4@͗ 

� Ȗ- þ͖G[G�ǼþG[G-¹ʧ�@ 5̠ż-��(̠żȳǭøƗ̓.˪˦D˅
͗

Û¼ɤ-/͖̠żõǿDʬƮ�"˖ʊ*͖ʬƮ�,�˖ʊD˅�͖Ē̠ż-��@̠ż

ȳǭøƗ̓.ʊáD˅,%"͗�>-͖Ē̠ż.ȟÊſ<ʄı,+.˒ɅDʬƮ�͖̠

żȳǭø.�Ok]�.ȝ̃<˔ǽ*ʝ˖ɤ-˅
͗  

 

7.2 �+�. ����b�C
7hQ|^  

7-2-1) ˖ʊ˙Ŕ  

� 7"Ǹɳʂ)/͈Ķȟ˭�g�)�@WRF-ARW model version 3.3.1Dǈɘ�(˖ʊD

˅%"͗7�˖ʊi�I�-&�(/͖l\fH�TDɘ�( 1 ̠ż-��(ʇ 4 i�

I�7)ɘ�" Ē͗i�I�.˔Òƌ/ A!A 96 km, 32 km, 8km, 2km*�@�*-=

?͖ʇ 4 i�I�)̠żĶD˔Ò)�@=
-�"(Figure 7-1)͗ʇ 1 i�I�/þG[

G�ǼþG[GDÜ÷�@i�I�*,%(�?͖ʇ 2 i�I�͖ʇ 3 i�I�)}�

�üŴ͖{�lNŴ͖I�ilZGDĘE)�?͖ʇ 4 i�I�)/͖[�O�aDĘ

9=
-˥ʋ�"͗�>-˖ʊ/ one-way l\fH�TDɘ�"":͖Ũ��i�I�
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�>.tH�iodS/ʬƮ��-˖ʊD˅%(�@͗ȟ˭�g�.åǵË�ĻɞË*

�(͖ʏīīʄɔĻ£Ĺ^�a�.ŗ˒˔ǽg�a)�@ the Final Operational Global 

Analysis data (FNL)͖7"ȭ͂ȳƌ(Sea Surface Temperature, SST)/  ͖ NCEP�ǋÁ�@Ø

ɒ SST g�aD¿ɘ�"͗�>- WRF .˙Ŕ*�(¿ɘ�"Ɍɓ�g�D A!A®

�-ɶ� Į͗ıèɘg�a/ MODIS Land-use categoryD  ͖ Microphysics/ New Thompson 

et al. scheme (Thompson et al.(2008))D͖Longwave* Shortwave Radiation/ Rapid radiative 

transfer model (Mlawer (1997)), Goddard Scheme (Chou and Suarez (1999); Chou and Suarez 

(2001)), Land surface / Noah Land Surface Scheme, Planetary boundary layer )/

Mellor-Yamada Nakanishi and Niino Level 2.5 scheme (Nakanishi and Niino (2006); Nakanishi 

and Niino (2009)), Cumulus Parameterization/ Kain-Frisch Scheme (Kain (2004))D A!A

ɘ�"͗ 

� ̠żıˈ͂g�a.ȟ˭ĺ.ÝɑƦD˪˦�@-�"?͖2 &.˖ʊD˅%"͗7�͖

ıˈ͂g�aD̠ż�g�Ü)ʬƮ�"˖ʊD�NEW	U�\͖ɑ˅. UCM Dɘ�"

˖ʊD�CNTL	U�\*�"͗NEW .˖ʊD˅
̸-͖̠żõǿDʬƮ�@":-͖

(4-4-1), (4-4-2-1), (4-4-3-1).ƴȧ�>ʊá�" Have͖ λp͖ λf* Kanda et al.(2013).Ɛ�>

ʊá�" z0< d, SVF D͖ong et al.(2016). AHED̠żıˈ͂p���a*�(¿ɘ�"(Ƞ

ƄâŽD Figure 7-2-ɶ�)͗Dong et al.(2016)-(¾Ʊ�A" AHE/͖©ċŞƌ͖ƁńɁ

ʈ.Øɒg�a�> top-down ȧDɘ�(Ȏʍ�(�@͗�>-̢͖8¬�ŀǙD;$�

@�*-=?͖ǩ̪ŀø<ǲŀø.̙�DʬƮ�@�*-Ʊð�"͗�ǟ)ɑ˅)¿ɘ

�A(�@ UCM)̚ɘ�A(�@̠żıˈ͂g�a.Ë-&�( Table 7-1-7*:@  ͗

� �>-˖ʊ/ 10Ǣ̪. spin up timeDĘ:" 2012ƅ 3ǲ 21Ǣ�> 5ǲ 31Ǣ7). 2

�ǲ̪˅%"͗ȟ˭�g�.˖ʊ/͖Ǽ§ŸȋŅŐ�Ƴǳ�@\�p�V�s��a͖

TSUBAME 2.5 (Tokyo-tech Supercomputer and UBiquitously Accessible Mass-storage 

Environment)D¿ɘ�"͗ 

 

7-2-2) [�O�a-��@ȟȳ�͍̐.Ǣŀø.ÝɑƦ.Ȋ˛  

� ˖ʊ.ÝɑƦȊ˛D˅
-�"?͖˒ȴË*.ȝ̃D˅%"͗Ǹɳʂ)ɘ�"˒ȴË

/NOAA.Øɒ˒ȴg�a)�@OGIMETDɘ�"(®�. url=?g�aD¿ɘ�@�

*�čʱ)�@: https://www.ogimet.com/home.phtml.en)̠͗żõǿ-ɮɧ�ÝɑƦ.˪˦

D˅
": [͖�O�a.̠żĶ-˙ʧ�A(�@˒ȴɅ*�( Jakarta ObservatoryD̜

ƺ�͖˒ȴËDɘ�"͗�>- 2U�\.˖ʊʜǿ�>͖Jakarta Observatory.˒ȴɅD

Ę9˔ǽT�di-��@ȟȳ*͍̐Dƽá�"͗˔ǽ)/͖˖ʊʜǿ<˒ȴ-��(

̯Ƞ�ɢɖ�(�,� 7 Ǣ̪â.ȟȳ*͍̐.Ǣŀø-ţ�(G�X�u�ƄĲËD˖
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ʊ�͖ȝ̃D˅%"͗ 

� Jakarta Observatory.˒ȴË* 2&.˖ʊ-��@ʜǿD Figure 7-3-ɶ�͗˒ȴɅ.

˟ʘ-&�(/ Table 7-2DąɈ.�*͗OGIMET)/ Jakarta Observatory-��( 3ǩ

̪Ȝ.˒ȴËDƴ-×A@�*�čʱ)�@(ĩ�-��@͕�) 7͗�ȟȳ.Ǣŀø-ɮ

ɧ�@*͖˖ʊʜǿ/Ǣ�)˒ȴËDȝ4(ʼƃ.̖Ũ˜Ã�ˏ>A@;..͖˒ȴË

*56ĕȏ.ŀøDɶ��*�â�%"͗˖ʊU�\Ȝ-ȝ̃�@*͖+$>.U�\

;ĕ�ǢŀøDɶ�(�@�*�>͖̠żıˈ͂g�a-=@ÝɑƦ.ė�/ˏ>A,

�%"͗Ȗ-͍̐-ɮɧ�@*͖2 &.˖ʊʜǿ�˒ȴË*ȝ4̖Ņ˜Ã�A@Ðė�

ˏ(ĉA@ �͗��,�> N͖EW.͍̐/ CNTL*ȝ4(Ȳũ�(�@�*�â�%"͗

 .ɓɚ*�(͖CNTL )/ƏɌ��ȏ,͑�.̠żD¯Ŕ�(�@":͖ȟȳ.Ýɑ

Ʀ/ʹ��͖ƏɌ.i�dTõǿ.Ýɑ�ħ̽)�@�*�ǃ�>A@͗ .":͖̠

żp���aDʬƮ�"˖ʊ-��(ƏɌ-=@͍̐.i�dTõǿ.Ýɑ�čʱ*,

%"*ʬ�>A@͗ 

� ®�=?͖Ȏʍ�"Øɒ̠żıˈ͂g�aDȟ˭�g�-ŧ×�@�*-=?͖̠ż

ƧĹ.�ûâ,̠ż-��(;͖̠żõǿDʬƮ�"˖ʊD˅
�*�čʱ)�@*ɶ

�A"͗  

 

 

 
Figure 7-1. [�O�aDţ˭*�"˖ʊ.i�I�˙Ŕ 
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Figure 7-2. [�O�a-��@̠żp���a.ʃ̪âŽ 

Table 7-1. CNTL* NEW.˖ʊ˙Ŕ 

 CNTL NEW 

WRF version Default WRF version 3.3.1 Modified WRF version 3.3.1 

Roughness length Fixed 0.33m Distributed z0 

Displacement height Fixed 5.71m Distributed d 

Average building height Fixed 15m Distributed Have 

Plane area density Fixed 0.5 Distributed λp 

Frontal area density Fixed 0.4 Distributed λf 

Sky view factor Fixed value calculated from λp and λf Calculated from λp and λf 

 
Figure 7-3. [�O�a.˒ȴɅ-��@ȟȳ͖͍̐.Ǣŀø  

Plane area density, λp� Frontal area density, 
λf�

Average building 
height, Have�

Displacement height, 
d�

Roughness length, z0�
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7.3 ;���0];���
)��"������Jd[:P�
x}m|^  

7-3-1) ˖ʊ˙Ŕ  

� ˖ʊ-̸�ɘ�"ȟ˭�g�<Ɍɓ�g� i͖�I�.˔Òƌ å͖ǵË�ĻɞË/(7-2-1)

)˅,%"˖ʊ*ĕȏ.˙ŔDɘ�(˅%(�@͗7"Ǹ͆ɧ)/͖[�O�a-ñ�

˔ǽţ˭̠ż*�( Ǽ͖þG[G�þG[G-ů�@�PZfH 4̠ż(bdO O͖�c͖

��oI͖k��g��)D̋ñ�͖˖ʊD˅
͗Table 7-2-Ē̠ż.ȟÊſ<ȟ˭˒ȴ

ĺƳDɶ�͗ 

�  A!A.̠ż.ʄı-ɮɧ�@*[�O�a͖O�c͖��oI. 3 ̠ż/ȭųȦ

�-͖bdO*k��g��/Ü̴̟-¹ʧ�(�@̠͗żȳǭøƗ̓.˖ʊD˅
̸

-̠żõǿDʬƮ�@":-͖̠żp���aDŧ×�"�URB	*̠żĶDȉɖ(ʻɖ)

3*ʧ�ǌ�@�*)̠żõǿDʬƮ�,��VEG	.U�\Dɘ�"(Varquez et 

al.(2015), Shouzhen and Shi(2009)) U͗RB)/̠żp���a*�( ʇ͖ 5ʅ)Ȏʍ�"̠

żıˈ͂g�a͖7"Øɒg�a�>ʊá�" z0, d, SVFD¿ɘ�@͗AHE* SST-&

�(/ 7-2-1)-��(¿ɘ�"Ɍ*ĕȏ.g�aDɘ�"͗˟��˙Ŕ-&�(/ Table 

7-3-ɶ�͗7"͖˖ʊi�I�-&�( Figure 7-4͖Ē̠ż-��@̠żıˈ͂p��

�a.ʃ̪âŽD Figure 7-5- A!Aɶ�͗ 

� �>-˖ʊ/ 2012ƅ 3ǲ 21Ǣ�> 5ǲ 31Ǣ7).Ē̠ż�¢ŏ*,@ǲDţ˭- 2

�ǲ̪˅%"͗¢ŏDɳʂţ˭ǵ̪*�(̜E#ɓɚ*�(͖̠żȳǭøƗ̓D˔ǽ�

@-�"?̯—ǢDĘ7,��*͖7"Ń�.X�v�Ǣ�>ʝ˖ɤ˔ǽD˅
�*�

čʱ)�@�*�ǃ�>A@͗ 

 

 

Table 7-2. bdO͖[�O�a͖O�c͖��oI͖k��g��-��@ȟÊúâ*˒ȴɅ 

Cities Koppen-Geiger Climate classification 
Observation site 

(latitude, longitude, altitude) 

Dhaka XojȟÊ (Aw) 
Dhaka 

23.46N 90.23E 8m 

Jakarta ɉſ��\��ȟÊ (Am) 
Jakarta/ Observatory 
6.11S 106.50E 8m 

Karachi ɲȽȟÊ (BWh) 
Karachi Airport 

24.54N 67.08E 21m 

Mumbai XojȟÊ (Aw) 
Bombay/ Santacruz 
19.07N 72.51E 8m 

New Delhi ɲȽȟÊ (BWh) 
New Delhi/ Safdarjung 
28.35N 77.12E 211m 
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Table 7-3. URB* VEG.˖ʊ˙Ŕ 

 URB VEG 

WRF version Modified WRF version 3.3.1 

Replace urban area to grassland 
 

Roughness length Distributed z0 

Displacement height Distributed d 

Average building height Distributed Have 

Plane area density Distributed λp 

Frontal area density Distributed λf 

Sky view factor Calculated from λp and λf 

 

 

Figure 7-4. bdO͖[�O�a͖O�c͖��oI͖k��g��Dţ˭*�@˖ʊ.i�I�˙Ŕ 

 

 

Figure 7-5. bdO͖[�O�a͖O�c͖��oI͖k��g��-��@ d, Have, λp.ʃ̪âŽ 
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7-3-2) Ē̠ż-��@ȟȳ*͍̐.ǢŀøĆ1ȟȳ͖—̤.ǩʓäŀø  

� �g�.ʒƌDȊ˛�@":-͖ȟȳ*͍̐ĺ-ɮɧ�͖˖ʊʜǿ*˒ȴË OGIMET

.ȝ̃D˅
 Ē̠͗ż-��@ OGIMET.˒ȴıɅ-&�(/ Table 7-2- Ŗ̸͖.˒ȴ

ɅD Picture 7-1(Ƞʺ.Ʌ)- A!Aɶ�͗[�O�a͖��oI͖k��g��-��

@˒ȴɅ/̠żĶ-Ŏİ�͖bdO/̠żĶ.īʄÙĭ͖O�c/̠żĶ�>̼A"ʃ

ȵD˒ȴɅ*�(�@͗ 

� Ȗ- Figure 7-6͖Figure 7-7- OGIMET-=@˒ȴË* URB* VEG)˖ʊ�" 5̠ż

.��@ȟȳ*͍̐.ǢƄĲŀøD A!Aɶ�͖ȝ̃D˅
͗˒ȴË*˖ʊʜǿ.ȝ

̃D˅
-�"?͖˒ȴ*Z~���Z��)͘Ǣ.̯Ƞ̤� 10mm ®�.ǬņǢDţ

˭*�͖ A>.ǬņǢ-��(G�X�u�ƄĲËD˖ʊ�"͗7" OGIMET.˒ȴ

Ë/[�O�a͖O�c͖��oI͖k��g��. 4 ̠ż-��( 3 ǩ̪Ȝ-ǋÁ�

A(�@�͖bdO-��(/ 6 ǩ̪Ȝ.˒ȴË��,�͖ȟȳ.s�S��Ǥɯ#%

"":͖ǢǱŅȟȳDȟȳ.s�S*�(ĩ�-ǯ�ñ�"(Figure 7-4�-��@�)͗ 

�  .ʜǿ͖[�O�a*k��g��)/͖̠żõǿDʬƮ�" URB.U�\/˒ȴ

ËDĕ�=
,ȟȳ.ǢŀøDɶ�(�@�*�>͖�g�.ÝɑƦ�ʹ�*˕�@͗

�ǟ)bdO)/Ǣ�.ȟȳ.̖Ņ˜Ã͖O�c)/ń̪ȟȳ.̖Ũ˜Ã͖��oI-

��(/ 1 ǢD̏�(ȟȳ�˒ȴËD̖Ũ˜Ã�@Ðė� A!Aˏ>A"͗�ǟ)͍

̐.Ǣŀø-ɮɧ�@*͖Ē̠ż-��( URB .ǟ� VEG *ȝ4(͍̐�Ǔģ�A(

�@�*�æǤ�"͗ .ɓɚ*�(/͖URB.˖ʊ)/̠żıˈ͂g�aDŧ×�(

�@":͖̠żĶ.ƏɌ-=@i�dTƗ̓.ʬƮ�čʱ-,%"�*�ʬ�>A@͗

���,�>͖bdO-��(/͖˖ʊʜǿ.͍̐�˒ȴËDŅƂ-�ĥ@�*�ˏ(

ĉA"͗ 

� Ȗ-Ē̠ż-��@ȟȳ*—̤-ţ�@ǩʓäŀø-ɮɧ�@(Figure 7-8, 7-9)  ͗.ʜ

ǿ͖ȟȳ.ǩʓäŀø-ɮɧ�@*͖[�O�a͖k��g��-��(/ 2 �ǲ̪.

˖ʊ*˒ȴË�ȝ̃ɤ�ʵ�@�*�æǤ�" �͗ǟ)��oI-&�(/ 5/1ͅ�>ȟ

ȳ�˒ȴË*ȝ4ʕ 5�.̖Ũ˜Ã͖7"O�c-��(; 5/16®̯-ʕ 10�.̖Ũ˜

Ã�ˏ>A"̖͗Ũ˜Ã.ˏ>A"O�c͖��oI-��@—̤-ɮɧ�@*͖2012

ƅ 4 ǲ�> 5 ǲ-��(+$>;̯Ƞ�˒ȴ�A,�%"�͖Z~���Z��.ȟȳ

�̖Ũ˜Ã�A"ǩǵ-��(O�c)/ʕ 0.6mm �͖�oI)/ʕ 2mm.̯Ƞ� A

!Aɢɖ�(�"͗ .":͖ . 2 ̠ż-&�(/̯Ƞ-=?̖Ũ˜Ã�ɢɖ�"*

ʬ�>A@͗ 

� ®�- A>.ˍĦ-&�( A!A˟ʘ,ʬšD˅
͗ 
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Picture 7-1. bdO͖[�O�a͖O�c͖��oI͖k��g��.˒ȴıɅ 

 

Figure 7-6. Ē̠ż-��@ǬņǢ.ȟȳ.Ǣŀø(Ʌ: ˒ȴË, Ŗʢ: URB, ɴʢ: VEG) 

 

Figure 7-7. Ē̠ż-��@ǬņǢ.͍̐.Ǣŀø(Ʌ: ˒ȴË, Ŗʢ: URB, ɴʢ: VEG) 
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Figure 7-8. [�O�a͖k��g��͖��oI-��@ȟȳ͖̯Ƞ̤.ǩʓäŀø 
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Figure 7-9. O�c͖bdO-��@ȟȳ͖̯Ƞ̤.ǩʓäŀø 
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�(�7
�*͖7"˒ȴ*Z~���Z��)ɠ,@͑ƌ.͍̐-ɮɧ�(˔ǽ�(

�@�*�ǃ�>A@͗®�.�*=?͖Z~���Z��*˒ȴË.̪-Ņ�,ź�

ɖ�"*˕�@͗���,�>͖ A>.ź/˒ȴɅ-��@ƧĹ.�ûâ��>ɖ�

"":͖˔ǽ-��(/˒ȴɅ.̠ż­ˈƦ͖7"ƧĹ.�ûâ�-=@ÝɑƦ.Ģ͉

-&�(ʬƮ�@ƣˍ��@͗ 

 

 O�c-��@ȟȳ̖ũ˜Ã  

� Ȗ/O�c-&�(˪˦D��,
 O͗�c.˒ȴɅ/ Jinnah International Airport-˙

ʧ�A(�?͖ȝ̃ɤÜ̴̟͖Ū�&ɲȽ-Ĩ7A"Įı)�@(Picture 7-2 Ƞʺ.Ʌą

Ɉ)͗˒ȴË-ɮɧ�@*Ǩń.ȟȳǄƂ�˖ʊʜǿ.ǄƂ*ȝ4(́Ɓ-Ũ���*�

>͖ɲȽ.Ɨ̓Dćǧ�(�,��*�ʬ�>A@͗ 

�  .":͖̝ ǽǵ̪�. OGIMET˒ȴË*Z~���Z��-��@͍ė-ɮɧ�@͗

 .ʜǿ͖˒ȴË)/þˌ.͍�ǒ̡ɤ-ę�(�@�*�æǤ�"͗ .":͖˒ȴ

)/ȭɚǻ.͍�ý˼�"�*�ʬ�>A͖ȟȳǄƂ�ɲȽȟÊ-��@Ɍ*ȝ̃�(

Ȳũ�"*ʬ�>A@͗�ǟ)Z~���Z��.͍ė-ɮɧ�@*͖ˌ͍�ǒ̡ɤ)

�%"�*DĊ�͖O�c̠żĶ<ɲȽ.Ɨ̓DĘE#͍�ę�̈9�*-=?ɲȽȟ

Êɍǳ.Ņ�,ȟȳǄƂ.Ǣ̃ź(VEG)*̠żø(URB)-=@ǄƂ.ºȲ�ˏ>A@�

*�æǤ�"͗ 

� 7"͖Z~���Z��*˒ȴË)ɠ,@͍ėDɶ�"ˍĦ*�(͖¿ɘ�" SST .

ʒƌ�ǃ�>A@͗˖ʊ)ɘ�" SST/ NCEP�ǋÁ�@Øɒ SSTg�a)�?͖ȠƄ

˔Òƌ/ʕ 10km* M͖ODIS SST. 4.63km*ȝ̃�(˔Òƌ�ʑ�*�
Ģ͉Ʌ��@͗

 .":͖¿ɘ�" SSTg�a)/Ŗ̸. SST.ʃ̪âŽD˔Ò)��-ȭ͍Ɨ̓�ƒ

ø�"*ʬ�>A@ �͗>-ȟȳ.ǩʓä-ɮɧ�@* O͖�c)/̯Ƞ.Ɨ̓-=?͖

5/16 ®̯.ȟȳ�˒ȴË*ȝ4̖Ũ˜Ã�A(�"͗ A>.Ģ͉-=?͖ȟȳ.̖Ũ

˜Ã�ɖ�"*ʬ�>A@  ͗.": Ǯ͖,@�g�ʒƌ.Ȋ˛�ƣˍ)�@*˕�@͗ 

 

Picture 7-2. bdO˒ȴɅ. Chandrima Uddan (Ź)*O�c˒ȴɅ. Jinnah International Airport (Đ) 

Simulation�

Observation�
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��oI-��@ȟȳ̖ũ˜Ã  

� Ǳƚ-��oI-��@ȟȳ.ǢƄĲŀø� 4 ǲǷ�>̖Ũ˜Ã�A(�@ˍĦ-&

�(˪˦D˅
͗ǩʓäŀø-=?͖5ǲ� URBU�\.˖ʊʜǿ-��(̯Ƞ�ˏ>

A"�͖5�;.ȟȳº�DĆ6�*/ʬ�>A,�":͖7� A>.ȟȳ.̖Ũ˜Ã

�¿ɘ�"åǵË�ĻɞË.L��*ʬ�"͗ .":͖ȟȳº��Ō7@7). 4/29


5/1 0:00:00(UCT)-��@ FNL .ȟȳ*͍̐ u͖v Ʊâ.ʃ̪âŽ-ɮɧ�"(Figure 

7-10)͗ .ʜǿ͖ȟȳº�íƚ 3 Ǣ̪-��@ȟȳ<͍̐âŽ-&�(Ņ�,̙�/ˏ

>A,�%"͗®�.�*=?͖¿ɘ�" FNL.G�OIuL��*/ǝ˕�@�*�

ħ̽)�@�*�â�%"͗ 

� Ȗ-͖ȟ˭�g�.˖ʊ-��(¾Ʊ�A@�\a�htFI�(wrfrsttFI�)*˖

ʊ.GJhvdhtFI�(wrfouttFI�)-ɮɧ�"͗�@*͖ʇ 1i�I�-��@

5/5 0:00:00 -��( wrfrst* wrfouttFI�.ĕ�T�di-��(͋ɉ͖Ⱦɉ.ɠƁ

Ë�ɖ�"͗ʃ̪âŽ-ɮɧ�@*͖͋ɉ)/-800Wm-2*́Ɓ-º�Ë�͖�ǟ)Ⱦɉ

)/ 1100Wm-2*́Ɓ-͑�Ë�q}��űʲ.͔.u�a�<lp���Oh}�]¬

̉.T�di)ˏ>A@�*�â�%"͗ɠƁË.ɢɖ�"T�di.¹ʧ=?͖q}

��-=@͑�Ȑ͑Dǁ&űʲ.Ɨ̓)ȟ˭�g�.˖ʊ-L���ɖ�"*ʬ�>A

@͗�>-͖ʇ 1 i�I�.ōi�I�)�@ʇ 3 i�I�);ĕȏ.L���ɢɖ�

(�@�*�â�%"(Figure 7-10ɣ�)͗wrfrsttFI�/˖ʊD˔ǽţ˭Ǣ.�\a�

h��)¿ɘ�@": 5͖/5. wrfrst< wrfouttFI�-ɑA"ɠƁË� 5ǲ®̯.˖ʊ

ʜǿ-Ɨ̓D��"*ʬ�>A@͗ɍ-ʇ 3 i�I�/bdO<k��g��͖��o

I͖O�cDĘ9i�I�)�@":̨͖ǵɤ,ȟȳ.º��ɢɖ�"̠ż*56�ʵ

�(�@*˕�@͗"#�bdO-&�(/͖Ǣ�.˒ȴË�ȕŊ�(�"":ȟȳ.

º��ɢɖ�".�˪˦D˅
�*/ħ̽)�@͗ 

� Ǹ˦)/˖ʊǩ̪.̠ē�͖ɠƁË.ɖ�"�\a�htFI�D¿ɘ��-̸ɳ̧

� .ʜǿ.˪˦/˅C,��͖Ŧǻɤ-q}��<Ȑ͑.͑�űDĘ9˖ʊD˅
̸

-/͖Ⱦɉ<͋ɉ.âŽ-ɮɧ�͖˖ʊ�ɢǘ�,�=
-ȩƪ�@ƣˍ��@͗ .

̸-/͖˖ʊ.aI�\fdvDº��"?͖˔ÒƌDʑ��"?�@�*-=%(L

��Dĥ̝�@�*�čʱ)�@*ʬ�>A@͗ 
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Figure 7-10. FNL. 4/30�> 5/1-��@ȟȳ͖͍̐ uƱâ, ͍̐ vƱâ.ØɒâŽ 

 

 
Figure 7-11. 2012 5/5 0:00:00-��@ʇ 1i�I�*ʇ 3i�I�.ȾɉâŽ (Figure7-4*ĕȏ) 

4/29 12:00 (UCT)� 4/30 12:00 (UCT)� 5/1 12:00 (UCT)�

Temperature�

U component of Wind�

V component of Wind�

First Domain�
Third Domain�



 
 

 88 

7-3-3) 5̠ż-��@̠żȳǭøƗ̓.Ȋ˗  

 Ș.̠żȳǭøƗ̓  

� ��)/Ē�PZfH-��@̠żȳǭø.Ȋ˛D̠ż.ʄı͖ȟÊĺ.̙�.˒Ʌ

DÔ-˅
͗7��PZfHȜ.̠żp���a*ȟȳ͖—̤.ʝ˖ËD Table 7-4-ɶ

�͗7"Ǩń-��@ȟȳźDʬƮ�@":͖ɑıǩ̪-��@˖ʊʜǿD˒ȴË 6:00


17:00 DǨ̪-��@ȟȳƄĲË Tday͖18:00
5:00 Dń̪-��@ȟȳƄĲË Tnight*

Ŕʫ�"͗,�͖ȟȳ/ǢƄĲ.G�X�u�Ë͖̯Ƞ/Øǵ̪ʁʊ̯Ƞ̤Dɶ�͗ 

� ̠żȳǭø.ǂȐ*,@̠żȳǭøƔƌ UHII /͖̠żƗ̓DĘ9 URB U�\.ȟȳ

(TURB)�>̠żõǿDĘ7,� VEG U�\.ȟȳ(TVEG).źâDĉ@�*-=?͖®�

.Ɛ)Ŕʫ�A@͗ 

 

!"## = !!"# − !!"#  (7.1) 

 

 .": Ɛ͖(7.1)�>ȡ:"ȟȳźD Figure 7-12-ɶ� �͗@* [͖�O�a O͖�c͖

��oI)/Ǩń*;-̠żȳǭø.Ɨ̓�ˏ>A ɍ͖-ń̪.ȟȳ-��( UHII�͋

ˀ-ɑA(�@�*�â�%"͗ 

� ɍ-ń̪. UHII /O�c-��(ʕ 2.5�*Ǳ;Ɣø�A"�*�â�%"͗ .ɓ

ɚ*�(͖Õɽ.˪˦-�%"̏?ȭ͍.Ɨ̓*ɲȽ.Ɨ̓DĊ�(�@":#*ʬ�

>A@͗ɍ-ń̪)/ɲȽ.ˀ��ȟȳº��ɢɖ�(�@":͖URB * VEG .�U

�\-��(ȟȳǄƂ�Ņ��,%(�@͗7"͖˔ǽǵ̪�-ȭ�>.ˌ͍�Ɓ-ę

�̈E)�@": VEGU�\)/͋ɉ�Ü̴̟3*̅̌�A(�@*ʬ�>A@ �͗ǟ

̠żõǿDĘE# URBU�\);ĕȏ.ɑ˭�ɢɖ�(�@� Ə͖Ɍʑƌ-=?ȭ͍�

h�dv�A@�*-=?͖ɉ�̠żĶ-˂�>A̠żȳǭø�ɢɖ�"͗ 

� ̠żȳǭøƗ̓-&�(/͖ɳʂţ˭ıĶ*�"þG[G<ǼþG[G.�PZfH

)/ʕ 2�.ȟȳ�ǣ�ˏ>A" 7͗"ǡŎɳʂ=? Ł͖ŏ-��@G��O<Ǽ§.̠

żȳǭø/͖ A!A 1-3�(Ǣ�)͖3-7�(ń̪)͖1.4-2.1�(Ǣ�)͖2.7�-4.8�(ń̪).ȟ

ȳ�ǣ�ˏ>A@�*�ǂǎ�A(�@(US Environmental Protection Agency͖ȟ˭ƈ)͗

Ǹ˦.˔ǽţ˭Ǣ/¢ŏ.ǩǵ.":͖G��O*ǢǸ.Łŏ.̠żȳǭø.ȟȳ�ǣ

ËD˿7�@*͖2�.ȟȳ�ǣ/ɉſ.̠ż)/ʝ˖ɤ-ǳƪ)�@*˕�@͗ 

 Ǣ�-ɢɖ�@˯.̠żȳǭøƗ̓  

� bdO*k��g��)/Ǩ̪. VEG .ȟȳ� URB D�ĥ@̠żĶ.S��q�h

GI��i�ˏ>A"͗ .ˍĦ-&�(.ʬšD˅
͗ıˈ͂-��@ɉĈǒ/®�

.Ɛ-=%(Ŕʫ�A@͗ 
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!↓ − ! = !!!! + ! + !" (6.2) 

"#� R�/ıˈ͂-ţ�@Ǖť̤͖G/ı�3.µŧɉ͖Ts/ıˈ͂ȳƌ͖H͖lE/ı

ˈ͂�>Ņȟ3Ǖá�A@͋ɉ*Ⱦɉ͖E/ˁṳ̈́.p���a)�@͗ 

 

� Ē̠ż.ǬņǢ-��@ıˈ͂ɉĈǒ.Ǣŀø.G�X�u�ƄĲË-&�(˪˦D

˅
(Figure 7-13)͗7�[�O�a/͖ɉſ��\��ȟÊ)�@":̯Ƞ̤� 5̠ż.

�)Ǳ;Ń� URBU�\)ʕ 900mm V͖EGU�\)ʕ 800mm)�@͗ .":͖Ǣ�

)/ VEG U�\-��@Ⱦɉ̤� URB *ȝ̃�(Ņ���*�â�@͗ .ɓɚ*�

(͖[�O�a.Įľ�Ę9Ƞâ̤�Ń�ȉɌ.ˁǘ*�(â̡�A"�*͖7" URB

U�\-��@͋ɉ̤�Ņ���*�ǃ�>A@͗Ȗ-͖ɲȽȟÊ.O�c<Xojȟ

Ê.��oI-��(/[�O�a*ɠ,@Ǣŀø�ˏ>A"͗O�c<��oI)/

[�O�a*ȝ̃�(́Ɓ-¢Ɋ�(�@":͖VEG U�\< URB U�\-��(;

ȉɌ�ˁǘ�@�*/�čʱ)�@͗���,�>͖URBU�\)/ıˈ͂�G�tF

�h<V�S��h)ˎCA(�@":͖ı�3.µŧɉ3*â̡�A@ɉ̤�Ņ��

,@͗ .":͖VEG U�\)/ URB U�\*ȝ4Ⱦɉ�Ǣ�͑�,@�͖O�c<

��oI/ȭųȦ�-¹ʧ�(�@̠ż)�@":ȭ͍.Ɨ̓DĊ�@�*)Ș.̠ż

ȳǭø�ɢɖ�"*ʬ�>A@͗ 

� �ǟ͖bdO<k��g��.ıˈ͂ɉĈǒ-&�(;O�c<��oI*ĕȏ.ŀ

øDɶ�"� 2͖̠ż.ʄı/+$>;Ü̴̟)�@�*�>ȟȳ.Šǭź�ļŅ� 7͖

"O�c*ɠ,?ȭ͍.Ɨ̓DĊ�,��*�ɍƠ)�@͗˒ ȴɅ-��@ AHE.Ë-

ɮɧ�(;͖bdO*k��g��. 2 ̠ż/«. 3 ̠ż*ȝ̃�(Ņ��,��*�

â�@͗ .=
- AHE� A5+Ņ��,�̠żĶ.ĺē͖ʯŅø�"ƏɌŜ̤-=

?͖Ǣ�.Ň̵Ll�R�.Ń��˱ɉ*�(Ⱥ:̈7A G �ļŅ�͖ .ʜǿ͖̠ż

Ķ.͋ɉ̤ H�ȉɖ,+.ʳɇË. H*ȝ4(Ũ��,@�*�ǂǎ�A(�@͗ɍ-

k��g��)/͖̯Ƞ�5*E+ɢɖ��͖Įľ�¢Ɋ�(�@�*�> lE.Ll�

R�� H 3*â̡�A@�*-=?͖VEG U�\)/ URB D�ĥ@͋ɉ�Ņȟ�-Ǖ

á�A͖Ņȟ�ñɉ�A"*ʬ�>A@͗ 

� �ǟbdO)/ 100mm®�D˻�@̯Ƞ-=%( Į͖ľ�-Ęǳ�A@Ƞâ̤�ˬş

)�%"�*�â�@͗ .":͖H.­C?- lE�Ń�Ǖá�A@�*-=?͖Ņȟ

.ñɉDʣĝ��@Ñ��ɖ�"͗ .":͖bdO.Ǩ̪.ȟȳź�k��g��*

ȝ4ºȲ�A"*ʬ�>A@͗®�.�*=?͖¢Ɋ�"ĮľDǁ$͖Ū�&ȭ͍.Ɨ

̓DĊ�,�̠żĶ)/͖ƏɌ��@�*-=?Ņ�,Ǣ̃źDºȲ��͖˯.̠żȳ
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ǭøƗ̓DƑ�˺��*˕�@͗ 

 

7-4 s 7r���  

� Ǹʅ)/͖ȟ˭�g�Dɘ�(þG[G�ǼþG[G.�PZfH-��( 2 �ǲ̪

.˖ʊD˅�͖Ȏʍ�"̠żıˈ͂g�a.ʒƌȊ˛*͖̠żȳǭøƗ̓.Ȋ˗D˅%

"͗ 

� 7�̠żıˈ͂g�a.ʒƌDȊ˛�@":-͖ɑ˅.̠ż�g� UCM Dɘ�"

CNTLU�\ Ȏ͖ʍ�"Øɒ̠żıˈ͂g�aDɘ�" NEWU�\Dɘ�([�O�a

Dţ˭-˖ʊD˅%"͗ .ʜǿ͖ȟȳ.Ǣŀø/˒ȴË* 2 &.Z~���Z��ʜ

ǿ��ʵ�@�*�æǤ�"͗�ǟ)͍̐.Ǣŀø-ɮɧ�@*͖NEWU�\-��(

͍̐.Ǔģ�ˏ>A"͗ .":ʎǥɤ,ƴȧ)/�@�͖Ȏʍ�"̠żıˈ͂g�a

�̠żõǿ.ʬƮ�čʱ)�@�*�ɶ�A"͗ 

� Ȗ-͖ɠ,@ȟÊſDǁ& 5 &.�PZfHDţ˭-˅%"̠żȳǭøƗ̓.˔ǽ)

/͖ȟÊſ<ʄı-=%(̠żȳǭø.�Ok]��ɠ,@�*�æǤ�"͗ɍ-͖Ü

̴̟ʄı)̯Ƞ̤.ũ,�bdO<k��g��-��(/Ǣ�-˯.̠żȳǭø�ɢ

ɖ�"͗ 

Table 7-4. Ē̠ż.˒ȴɅ-��@ AHE, z0, d.Ë�=1 URB* VEG.̯Ƞ̤ 

Cities AHE [W/m2] z0 [m] d [m] 
Precipitation [mm] 

URB Case 
Precipitation [mm] 

VEG Case 

Dhaka 5.8 1.9 20.3 184.6 194.1 

Jakarta 12.2 1.2 14.4 878.7 797.3 

Karachi 4.2 1.2 10.5 2.3 14.7 

Mumbai 14.2 1.9 20.2 6.7 9.3 

New Delhi 22.9 2.6 25.6 24.4 17.8 

 

Figure 7-12. Ē̠ż-��@Ǣ�*ń̪.̠żȳǭøƗ̓ 
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Appendix A `�\V�i  
A-1. TifftFI��>oIj�tFI�3.ŀǌ(pythonv�T��) 
#!/usr/bin/env python 
 
import gdal, glob, struct, os, numpy, math, array, re 
#import arcpy 
#from arcpy import env 
#from arcpy.sa import * 
from gdalconst import * 
from array import * 
from numpy import * 
#arcpy.CheckOutExtension("Spatial") 
directory="/Volumes/GUC-para/UrbanParameters/Defence/" 
print "test" 
#arcpy.env.workspace=(r'%s' % (directory)) 
#env.workspace=(r'%s' % (directory)) 
tif_file=glob.glob(directory+"nagoya4.tif") 
for dataf in tif_file: 
 dataset=gdal.Open(dataf,GA_ReadOnly) 
 wor_dir = "/Volumes/GUC-para/UrbanParameters/wrf_bin/Final_20180104/" 
 print wor_dir 
 if not os.path.exists(wor_dir): 
        os.makedirs(wor_dir) 
# Get dimensions 
 col   = dataset.RasterXSize 
 row   = dataset.RasterYSize 
 bands = dataset.RasterCount 
 driver= dataset.GetDriver().LongName 
 
 geotransform = dataset.GetGeoTransform() 
 print geotransform 
 print row,col,bands,driver 
 
 band = dataset.GetRasterBand(1) 
 #bandtype = gdal.GetDataTypeName(band.DataType) 
 
 scanline = 
band.ReadRaster(0,0,band.XSize,1,band.XSize,1,band.DataType) 
 value = struct.unpack('h' * band.XSize, scanline) 
 
 # From here we read by blocks 
 bSize = 1200 
 for i in range(0, row, bSize): 
  fnamey = row - i 
  if i + bSize < row: 
     numRows = bSize 
  else: 
     numRows = row - i 
 
  for j in range(0, col, bSize): 
     fnamex = col - j 
     if j + bSize < col: 
         numCols = bSize 
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     else: 
         numCols = col - j 
     data = band.ReadAsArray(j, i , numCols, 
numRows).astype(numpy.float32) 
     if numCols != bSize and numRows != bSize: 
        datav = ndarray((bSize-numRows,1200),numpy.float32) 
        datah = ndarray((numRows,bSize-numCols),numpy.float32) 
        data = numpy.hstack((data,datah)) 
        data = numpy.vstack((data,datav)) 
        del datah,datav 
     if numCols != bSize and numRows == bSize: 
         datah = ndarray((1200,bSize-numCols),numpy.float32) 
         data = numpy.hstack((data,datah)) 
         del datah 
     if numCols == bSize and numRows != bSize: 
         datav = ndarray((bSize-numRows,1200),numpy.float32) 
         data = numpy.vstack((data,datav)) 
         del datav 
     #print data.shape,numRows,numCols,data[830,720] 
     rev_dat=data[::-1] 
     rev_dat[rev_dat<-9998.]=0.000 
     rev_dat=rev_dat/0.001 
     oneddat=rev_dat.flatten() 
     oneddat=oneddat.astype(int) 
     oneddat[oneddat<0]=0 
     #oneddat=re.sub('[^0-9]',"0",oneddat) 
     #print(oneddat[10000]) 
     xstart = j + 1 
     xend = xstart + bSize - 1 
     ystart = (math.floor(row/bSize))*bSize - i + 1 
     yend = ystart + bSize - 1 
     #From here we write to binary files 
     fname = "%05d-%05d.%05d-%05d" % (xstart,xend,ystart,yend) 
     #fname = 
"%0.00833333333d-%0.008333333330d.%0.00833333333d-%0.00833333333d" % 
(xstart,xend,ystart,yend) 
     print "Processing: ",fname," at ",dataf 
     f = open(wor_dir+fname,"wb") 
     f.write(struct.pack(">1440000L",*oneddat)) 
     f.close() 
     del rev_dat,oneddat 
 # End of read by blocks 
 print "Note new LL corner (lat): 
",geotransform[3]+(math.floor(row/bSize)+1)*bSize*geotransform[5]," 
",math.floor(row/bSize)*bSize 
 raw_input("Press any key to continue.") 
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A-2 ©ċŞƌDƁńɁ VIIRS)ˊȘ�@̸.v�T�� 
#!/cygdrive/c/Python27/ArcGIS10.3/python.exe 
import subprocess 
#import winsound 
#import arcpy 
#from arcpy import env 
#from arcpy.sa import * 
import os 
import numpy,glob 
import time 
try: 
    from osgeo import gdal, osr 
except ImportError: 
    import gdal, osr 
import matplotlib.mlab as mlab 
import matplotlib.pyplot as plt 
from scipy import stats 
#import pandas 
 
start = time.time() 
 
def regres(x,y): 
    x[x==0.] = numpy.nan 
     
    if numpy.nansum(x) > 20: 
        slope, intercept, r_value, p_value, std_err = 
stats.linregress(x[~numpy.isnan(x)],y[~numpy.isnan(x)]) 
    else: 
        slope = numpy.nan 
        intercept = numpy.nan 
        r_value = numpy.nan 
        p_value = numpy.nan 
        std_err = numpy.nan 
    return slope, intercept, r_value, p_value, std_err 
 
def adjust(x,y,R,uf,lf,a,b,thres,lowest_lim): 
    
x[numpy.logical_and(numpy.logical_and(numpy.logical_or(R<lf,R>uf),y>th
res),y>lowest_lim)] = 
(y[numpy.logical_and(numpy.logical_and(numpy.logical_or(R<lf,R>uf),y>t
hres),y>lowest_lim)]-b)/a 
    return x 
 
def full_adjustment2(iad,directory): 
    print "Conducting full_adjustment2 for IAD=",iad 
    file_list = glob.glob(directory+'trimmed/%5.5d_t*_adm.tif'%(iad)) 
    #Acquire the relevant admin boundaries 
    pd_data = numpy.empty([]) 
    nl_data = numpy.empty([]) 
    for ifil in file_list: 
        dataset  = gdal.Open(ifil,gdal.GA_ReadOnly) 
        cols     = dataset.RasterXSize 
        rows     = dataset.RasterYSize 
        dataset  = None 
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        data     = acquire(ifil,0,0,cols,rows) 
        index    = numpy.argwhere(data.flatten()==iad) 
        del data,cols,rows 
        dataset  = gdal.Open(ifil.replace("adm","pd"),gdal.GA_ReadOnly) 
        cols     = dataset.RasterXSize 
        rows     = dataset.RasterYSize 
        dataset  = None 
        data     = acquire(ifil.replace("adm","pd"),0,0,cols,rows) 
        select   = data.flatten()[index] 
        pd_data = numpy.append(pd_data,select) 
        del data, select,cols,rows 
        dataset  = gdal.Open(ifil.replace("adm","nl"),gdal.GA_ReadOnly) 
        cols     = dataset.RasterXSize 
        rows     = dataset.RasterYSize 
        dataset  = None 
        data     = acquire(ifil.replace("adm","nl"),0,0,cols,rows) 
        select   = data.flatten()[index] 
        nl_data = numpy.append(nl_data,select) 
        del data, select,index 
    ## Necessary assumptions 
    nl_data[pd_data<100.] = 0.0 ## Necessary business district areas ought 
to increase must have lower threshold 
    nl_data[nl_data>0.01] = 0.0 ## 0.01 is found to be too large 
    llimit = 0.0012 
    #plt.plot(pd_data,nl_data,'r.') 
    #plt.show() 
    slope1     =regres(pd_data,nl_data)[0] 
    intercept1 =regres(pd_data,nl_data)[1] 
    r_value1   =regres(pd_data,nl_data)[2] 
    if slope1==0: 
        slope1=float('nan') 
    R = nl_data-pd_data*slope1-intercept1 
    if numpy.all(numpy.isnan(R)) == True: 
        # create a new raster 
        for ifil in file_list: 
            sel           = 
gdal.Open(ifil.replace("adm","pd"),gdal.GA_ReadOnly) 
            new_pop       = 
acquire(ifil.replace("adm","pd"),0,0,cols,rows) 
            proj          = sel.GetProjection() 
            col          = sel.RasterXSize 
            row          = sel.RasterYSize 
            geogtransform = sel.GetGeoTransform() 
            outfile       = ifil.replace("adm","adj_pd") 
            outdriver     = gdal.GetDriverByName("GTiff") 
            outdata       = 
outdriver.Create(outfile,col,row,1,gdal.GDT_Float32) 
            outdata.GetRasterBand(1).WriteArray(new_pop) 
            outdata.SetGeoTransform(geogtransform) 
            outdata.SetProjection(proj) 
            sel           = None 
            outdata       = None 
        del pd_data,nl_data 
    else: 
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        Q1   = numpy.percentile(R[~numpy.isnan(R)],25) 
        Q3   = numpy.percentile(R[~numpy.isnan(R)],75) 
        IQ   = Q3-Q1 
        R_l  = Q1-1.5*IQ 
        R_u  = Q3+1.5*IQ 
        work_pd_in = pd_data[numpy.logical_and(R>=R_l,R<=R_u)] 
        work_nl_in = nl_data[numpy.logical_and(R>=R_l,R<=R_u)] 
        nl_extra = nl_data[R>R_u] 
        if nl_extra.shape[0]<10: ##Assumption 
            thres = 0.0012 
        else: 
            thres = numpy.percentile(nl_extra,58.2887700535) 
        slope2     =regres(work_pd_in,work_nl_in)[0] 
        intercept2 =regres(work_pd_in,work_nl_in)[1] 
        r_value2   =regres(work_pd_in,work_nl_in)[2] 
        if slope2==0: 
            slope2=float('nan') 
        del work_pd_in,work_nl_in,pd_data,nl_data 
        for ifil in file_list: 
            dataset  = 
gdal.Open(ifil.replace("adm","pd"),gdal.GA_ReadOnly) 
            cols     = dataset.RasterXSize 
            rows     = dataset.RasterYSize 
            dataset  = None 
            pd_dat     = acquire(ifil.replace("adm","pd"),0,0,cols,rows) 
            dataset  = gdal.Open(ifil,gdal.GA_ReadOnly) 
            cols     = dataset.RasterXSize 
            rows     = dataset.RasterYSize 
            dataset  = None 
            data     = acquire(ifil,0,0,cols,rows) 
            store    = numpy.copy(pd_dat) #backup 
            pd_dat[~(data==iad)] = numpy.nan 
            dataset  = 
gdal.Open(ifil.replace("adm","nl"),gdal.GA_ReadOnly) 
            cols     = dataset.RasterXSize 
            rows     = dataset.RasterYSize 
            dataset  = None 
            nl_dat     = acquire(ifil.replace("adm","nl"),0,0,cols,rows) 
            nl_dat[~(data==iad)] = numpy.nan 
            nl_dat[pd_dat<100.] = 0.0 ## Necessary business district areas 
ought to increase must have lower threshold 
            nl_dat[nl_dat>0.01] = 0.0 ## 0.01 is found to be too large 
            llimit = 0.0012 
            del R 
            R = nl_dat-pd_dat*slope1-intercept1 
            if numpy.isnan(slope2): 
               new_pop=numpy.copy(pd_dat) 
            #percentage=100 
            else: 
               new_pop = 
adjust(pd_dat,nl_dat,R,R_u,R_l,slope2,intercept2,thres,llimit) 
            new_pop[new_pop<0]=0. 
            new_pop[numpy.isnan(new_pop)]=0. 
            new_pop[~(data==iad)] = 0.0#numpy.nan 
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            ## Set limit of increase depending on the maximum population of 
region 
            new_pop[new_pop>2.5*numpy.nanmax(store)] = 
store[new_pop>2.5*numpy.nanmax(store)] 
            print numpy.nanmax(new_pop),numpy.nanmax(store) 
            # create a new raster 
            sel           = 
gdal.Open(ifil.replace("adm","pd"),gdal.GA_ReadOnly) 
            proj          = sel.GetProjection() 
            geogtransform = sel.GetGeoTransform() 
            outfile       = ifil.replace("adm","adj_pd") 
            outdriver     = gdal.GetDriverByName("GTiff") 
            outdata       = 
outdriver.Create(outfile,cols,rows,1,gdal.GDT_Float32) 
            outdata.GetRasterBand(1).WriteArray(new_pop) 
            outdata.SetGeoTransform(geogtransform) 
            outdata.SetProjection(proj) 
            sel           = None 
            outdata       = None 
            del pd_dat,nl_dat,data,store,new_pop 
     
def full_adjustment(pop,nig,ad,iad,file_in,file_out): 
    ## Necessary assumptions 
    nig[pop<100.] = 0. 
    nig[nig>0.01] = 0. 
    llimit        = 0.0012 
     
    store = numpy.copy(pop) 
    work_pd = pop[ad==iad].flatten() # 1-d of pd within the admin 
    work_nl = nig[ad==iad].flatten() # 1-d of nl within the admin 
    #print "Admin ID: ",iad," 1-d Size of Grids:",work_pd.shape 
    # get first regress line 
    print numpy.sum(work_pd),work_pd.shape,"sum" 
    print numpy.sum(work_nl),work_nl.shape,"night_sum" 
    slope1     =regres(work_pd,work_nl)[0] 
    intercept1 =regres(work_pd,work_nl)[1] 
    r_value1   =regres(work_pd,work_nl)[2] 
    if slope1==0: 
        slope1=float('nan') 
    #print "ID:",iad 
    #print "slope1: ",slope1,"intercept1: ",intercept1,"r-squared1: ", 
r_value1**2 
 
    R = work_nl-work_pd*slope1-intercept1 
    print R[~numpy.isnan(R)] 
    if numpy.all(numpy.isnan(R)) == True: 
        new_pop = numpy.copy(pop) 
    elif pop.shape[0]<3 and pop.shape[1]<3: #No change over very small 
administrative units 
        new_pop = numpy.copy(pop) 
    else: 
        # get upper fence and lower fence 
        Q1   = numpy.percentile(R[~numpy.isnan(R)],25) 
        Q3   = numpy.percentile(R[~numpy.isnan(R)],75) 
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        IQ   = Q3-Q1 
        R_l  = Q1-1.5*IQ 
        R_u  = Q3+1.5*IQ 
        #print "ID:",iad, "lower fence:",R_l,"upper fence:",R_u 
        # remove outlier 
        work_pd_in = work_pd[numpy.logical_and(R>=R_l,R<=R_u)] 
        work_nl_in = work_nl[numpy.logical_and(R>=R_l,R<=R_u)] 
        nl_extra = work_nl[R>R_u] 
        if nl_extra.shape[0]<10: ##Assumption 
            thres = 0.0012 
        else: 
     #       print nl_extra.shape[0] 
            thres = numpy.percentile(nl_extra,58.2887700535) 
        #thres=600; 
        #if iad==1215: 
        #    print "Jakarta",thres 
 
        # get second regress line after removing 
        slope2     =regres(work_pd_in,work_nl_in)[0] 
        intercept2 =regres(work_pd_in,work_nl_in)[1] 
        r_value2   =regres(work_pd_in,work_nl_in)[2] 
       #print "ID:",iad,"slope2: ",slope2,"intercept2: 
",intercept2,"r-squared2: ", r_value2**2 
        #print iad,slope2,slope1,slope2/slope1 
        if slope2==0: 
            slope2=float('nan')         
 
        del R 
        R = nig-pop*slope1-intercept1 
        if numpy.isnan(slope2): 
            new_pop=numpy.copy(pop) 
            #percentage=100 
        else: 
            new_pop = 
adjust(pop,nig,R,R_u,R_l,slope2,intercept2,thres,llimit) 
            
#percentage=len(work_pd_in)/len(work_pd[~numpy.isnan(work_pd)])*100 
 
        del Q1,Q3,IQ,R_l,R_u 
 
        #print "ID:",iad,"percentage of retained data=",percentage,"%" 
        del work_pd_in, work_nl_in 
         
    # statistics about negative pd_new 
    #ng=len(pdnp1d[pdnp1d<0]) 
    #total=len(pdnp1d[~numpy.isnan(pdnp1d)]) 
    #print "negative pixel: ",ng 
    #print "total pixel of valid data:", total 
    #print "negative percentage:",ng/total*100,"%" 
    new_pop[new_pop<0]=0 
    new_pop[numpy.isnan(new_pop)]=0 
    new_pop[~(ad==iad)] =0.0# numpy.nan 
    ### Assumption, no new_pop grid must exceed twice that of the original 
pop grid max. 



 
 

 104 

    #print numpy.nanmax(new_pop),numpy.nanmax(store) 
    new_pop[new_pop>2.5*numpy.nanmax(store)] = 
store[new_pop>2.5*numpy.nanmax(store)] 
##    plt.plot(new_pop[ad==iad].flatten(),nig[ad==iad].flatten(),'b.') 
##    plt.plot(store[ad==iad].flatten(),nig[ad==iad].flatten(),'r.') 
##    plt.title("%5.5d"%(iad)) 
##    plt.show() 
##    raw_input("Continue?") 
    # create a new raster 
    sel           = gdal.Open(file_in,gdal.GA_ReadOnly) 
    proj          = sel.GetProjection() 
    col          = sel.RasterXSize 
    row          = sel.RasterYSize 
    geogtransform = sel.GetGeoTransform() 
    outfile       = file_out 
    outdriver     = gdal.GetDriverByName("GTiff") 
    outdata       = outdriver.Create(outfile,col,row,1,gdal.GDT_Float32) 
    outdata.GetRasterBand(1).WriteArray(new_pop) 
    outdata.SetGeoTransform(geogtransform) 
    outdata.SetProjection(proj) 
    sel           = None 
    outdata       = None 
     
def clip_selection(xst,yst,xcol,yrow,file_in,file_out): 
    driver = gdal.GetDriverByName('GTiff') 
    filename = file_in 
    output_file = file_out 
    dataset  = gdal.Open(filename,gdal.GA_ReadOnly) 
    band     = dataset.GetRasterBand(1) 
    cols     = dataset.RasterXSize 
    rows     = dataset.RasterYSize 
    transform= dataset.GetGeoTransform() 
 
    xOrigin     = transform[0] 
    yOrigin     = transform[3] 
    pixelWidth  = transform[1] 
    pixelHeight = -transform[5] 
    data = band.ReadAsArray(int(xst), int(yst), int(xcol), int(yrow)) 
    new_x = xOrigin + xst*pixelWidth 
    new_y = yOrigin - yst*pixelHeight 
    #data[data<=0] = numpy.nan 
    new_transform = (new_x, transform[1], transform[2], new_y, 
transform[4], transform[5]) 
    dst_ds = driver.Create(output_file, xcol, yrow, 1, gdal.GDT_Float32) 
        #writting output raster     
    dst_ds.GetRasterBand(1).WriteArray(data) 
    dst_ds.SetGeoTransform(new_transform) 
    wkt = dataset.GetProjection() 
    srs = osr.SpatialReference() 
    srs.ImportFromWkt(wkt) 
    dst_ds.SetProjection( srs.ExportToWkt() ) 
    del data 
    dataset = None 
    dst_ds = None 
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def acquire(fff,j,i,numCols,numRows): 
    nd           = gdal.Open(fff,gdal.GA_ReadOnly) 
    band         = nd.GetRasterBand(1) 
    xsize         = numCols 
    ysize         = numRows 
    DATA         = band.ReadAsArray(j,i,xsize,ysize) 
    nd           = None 
    del band 
    return DATA 
 
directory = '/Volumes/HDPC-UT/VIIRS/' 
 
###End collecting data 
##### Processing individual admin regions to nightlights ############ 
admins,jmins,jmaxs,imins,imaxs = 
numpy.loadtxt('/Volumes/HDPC-UT/VIIRS/admin_coords2.txt',dtype=numpy.i
nt32) 
nl       = directory+'normalized/SVDNB_npp_trimmed_mean.avg_rade9.tif' 
pd       = directory + 'popden2013.tif' 
adm      = directory+'popden2013_admin.tif' 
dataset  = gdal.Open(admins[0],gdal.GA_ReadOnly) 
band     = dataset.GetRasterBand(1) 
cols     = dataset.RasterXSize 
rows     = dataset.RasterYSize 
dataset  = None 
band     = None 
 
## Precondition coordinates 
jmins   = numpy.delete(jmins,numpy.argwhere(admins>4000)) 
imins   = numpy.delete(imins,numpy.argwhere(admins>4000)) 
jmaxs   = numpy.delete(jmaxs,numpy.argwhere(admins>4000)) 
imaxs   = numpy.delete(imaxs,numpy.argwhere(admins>4000)) 
admins   = numpy.delete(admins,numpy.argwhere(admins>4000)) 
newcols = jmaxs - jmins 
newrows = imaxs - imins 
newcols[newcols<2] = 2 #Some administrations are very small 
newrows[newrows<2] = 2 
 
for adtarget in admins: 
    print adtarget 
    if newcols[admins==adtarget][0]>8000: 
       # print 
adtarget,newcols[admins==adtarget][0],imins[admins==adtarget][0], 
imaxs[admins==adtarget][0], yBSize 
        count = 0 
        yBSize = 5000 
        xBSize = 5000 
        for i in range(imins[admins==adtarget][0], 
imaxs[admins==adtarget][0], yBSize): 
                if i + yBSize < imaxs[admins==adtarget][0]: 
                    nRows = yBSize 
                else: 
                    nRows = imaxs[admins==adtarget][0] - i 
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                for j in range(jmins[admins==adtarget][0], 
jmaxs[admins==adtarget][0], xBSize): 
                    if j + xBSize < jmaxs[admins==adtarget][0]: 
                        nCols = xBSize 
                    else: 
                        nCols = jmaxs[admins==adtarget][0] - j 
                    data = acquire(adm,j,i,nCols,nRows) 
                     
                    if numpy.count_nonzero(data.flatten()==adtarget)>0: 
                        count = count + 1 
                        file_out = 
directory+'trimmed/%5.5d_t%3.3d_pd.tif'%(adtarget,count) 
                        clip_selection(j,i,nCols,nRows,pd,file_out) 
                        file_out = 
directory+'trimmed/%5.5d_t%3.3d_nl.tif'%(adtarget,count) 
                        clip_selection(j,i,nCols,nRows,nl,file_out) 
                        file_out = 
directory+'trimmed/%5.5d_t%3.3d_adm.tif'%(adtarget,count) 
                        clip_selection(j,i,nCols,nRows,adm,file_out) 
                    del data 
        full_adjustment2(adtarget,directory) 
        continue 
    else: 
        file_out = directory+'trimmed/%5.5d_pd.tif'%(adtarget) 
        ref = file_out 
        
clip_selection(jmins[admins==adtarget][0],imins[admins==adtarget][0],n
ewcols[admins==adtarget][0],newrows[admins==adtarget][0],pd,file_out) 
        popden = 
acquire(pd,jmins[admins==adtarget][0],imins[admins==adtarget][0],newco
ls[admins==adtarget][0],newrows[admins==adtarget][0]) 
        file_out = directory+'trimmed/%5.5d_nl.tif'%(adtarget) 
        
clip_selection(jmins[admins==adtarget][0],imins[admins==adtarget][0],n
ewcols[admins==adtarget][0],newrows[admins==adtarget][0],nl,file_out) 
        niglit = 
acquire(nl,jmins[admins==adtarget][0],imins[admins==adtarget][0],newco
ls[admins==adtarget][0],newrows[admins==adtarget][0]) 
        file_out = directory+'trimmed/%5.5d_ad.tif'%(adtarget) 
        
clip_selection(jmins[admins==adtarget][0],imins[admins==adtarget][0],n
ewcols[admins==adtarget][0],newrows[admins==adtarget][0],adm,file_out) 
        admini = 
acquire(adm,jmins[admins==adtarget][0],imins[admins==adtarget][0],newc
ols[admins==adtarget][0],newrows[admins==adtarget][0]) 
        file_out = directory+'trimmed/%5.5d_adj_pd.tif'%(adtarget) 
        full_adjustment(popden,niglit,admini,adtarget,ref,file_out) 
         
end = time.time() 
print "Time duration (sec.): ",(end-start) 
 
raw_input("Press enter to continue..") 



 
 

 107 

A-3 VIIRS)ˊȘ�"ƚ-Ø(.T�diDʜē��@v�T�� 
#!/cygdrive/c/Python27/ArcGIS10.3/python.exe 
from shutil import copyfile 
import subprocess 
#import winsound 
import gdal 
from gdalconst import * 
#from arcpy import env 
#from arcpy.sa import * 
import os 
import numpy,glob,sys 
import time 
#from osgeo import gdal, utils 
from osgeo.gdalconst import * 
import matplotlib.mlab as mlab 
import matplotlib.pyplot as plt 
from scipy import stats 
try: 
    from osgeo import gdal 
except ImportError: 
    import gdal 
 
def merge(files): 
    """ 
    This utility will automatically mosaic a set of images. 
    All the images must be in the same coordinate system and 
    have a matching number of bands, but they may be overlapping, 
    and at different resolutions. In areas of overlap, 
    the last image will be copied over earlier ones. 
 
    :param first: 
    :param second: 
    :param out_file: 
    :return: 
    """ 
    subprocess.call( 
        files, 
        shell=True 
    ) 
 
 
start_time = time.time() 
gdal.AllRegister() 
directory = '/Volumes/HDPC-UT/VIIRS/trimmed/' 
os.chdir(directory) 
#arcpy.env.workspace = (directory) 
#list_adj=arcpy.ListRasters("*adj_pd.tif") 
#dataset= glob.glob(directory+'*adj_pd.tif') 
dataset = gdal.Open(directory+'%5d_adj_pd.tif', gdal.GA_ReadOnly ) 
print dataset 
cols     = dataset.RasterXSize 
rows     = dataset.RasterYSize 
transform = dataset.GetGeoTransform() 
data = dataset.ReadAsArray(int(xcols), int(yrows)) 



 
 

 108 

#data = dataset.ReadAsArray(float(file_list)) 
#file_list = glob.glob(directory+'*adj_pd.tif') 
out_file = driver.Create(directory+'popdens2013_adj_viirs.tif', cols, 
rows, 3, gdal.GDT_UFloat32) 
#out_file = directory + 'popdens2013_adj_viirs.tif' 
#data = band.ReadAsArray(float(file_list), float(out_file)) 
 
#out_file2 = float(str(out_file)) 
subprocess.call(['gdal_merge','-o',out_file,dataset]) 
#subprocess.call(['gdal_merge',out_file,file_list]) 
#gdal_merge.py -n 0 -v -o popdens2013_adj_viirs.tif --optfile 
tiff_list.txt 
#arcpy.MosaicToNewRaster_management(file_list,directory,"popdens2013_a
dj_viirs.tif","#","32_BIT_FLOAT","#","1","MAXIMUM","FIRST") ## 
#gdal_merge.py -o popdens2013_adj_viirs.tif -of tif -ot Float32 -init 1 
file_list 
##Final step below to combine with existing. 
#arcpy.Mosaic_management(inputs="popdens2013_adj_viirs.tif", 
target="F:/VIIRS/popden2013_new_adj.tif", mosaic_type="LAST", 
colormap="FIRST", background_value="0", nodata_value="0", 
onebit_to_eightbit="NONE", mosaicking_tolerance="0", 
MatchingMethod="NONE") 
 
elapsed_time = time.time() - start_time 
 
print len(file_list) 
print 'Merge completed... ',elapsed_time 
raw_input('Completed after 1000 years!') 
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A-4 shapefile�>Have͖λp͖λfDʊá�@\S�vh(python\S�vh) 
 
import glob 
import os 
import arcpy 
from arcpy import env 
import re 
import time 
import cv2 
import numpy as np 
import math 
from PIL import Image 
 
def avg_hgt(y): 
    return np.mean(y[y>0]) 
 
def max_hgt(y): 
    return np.max(y[y>0]) 
 
def pai(y,res,len): 
    ysize,xsize=y.shape 
    return np.count_nonzero(y[y>0])*res*res/len/len 
 
def std_hgt(y): 
    temp=y[y>0] 
    return np.std(temp) 
 
def fai(y,res,len): 
    #y=y 
    y[y>1000.] = 0. 
    y[y<0.] = 0. 
    ysize,xsize=y.shape 
    z=np.zeros((ysize,1),dtype=np.double) 
    resid=np.hstack((y,z))-np.hstack((z,y)) 
    print np.sum(resid[resid>0]) 
    return np.sum(resid[resid>0])*res/len/len 
 
def rota(y,angle): 
    y[y>65000]=0 
    #print y.shape 
    #cv2.imwrite('trial.jpg',y) 
    rowst,colst = y.shape 
    len = math.sqrt(rowst*rowst+colst*colst) 
    longest=max(rowst,colst) 
    top = int (math.ceil((len-rowst)/2.)) 
    bottom = int (math.ceil((len-rowst)/2.)) 
    left = int (math.ceil((len-colst)/2.)) 
    right = int (math.ceil((len-colst)/2.)) 
    inc = 
cv2.copyMakeBorder(y,top,bottom,left,right,cv2.BORDER_CONSTANT,value = 
0.) 
    rows,cols = inc.shape 
    centerx = cols/2 
    centery = rows/2 
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    M = cv2.getRotationMatrix2D((centerx,centery),angle,1) 
    dst1 = cv2.warpAffine(inc,M,(cols,rows),flags=cv2.INTER_NEAREST) 
    return dst1 
 
def purge(dir, pattern): 
    for f in os.listdir(dir): 
     if re.search(pattern, f): 
      os.remove(os.path.join(dir, f)) 
 
arcpy.CheckOutExtension("Spatial") 
directory  = os.path.dirname(os.path.realpath(__file__)) 
os.chdir(directory) 
 
#file_list=glob.glob("F:¥¥makabe_ESRI¥¥km¥¥SBA jp_1km 
1¥¥SBA.gdb¥¥*.shp") 
 
 
#print(file_list) 
 
env.workspace="D:¥¥LA_buildings_2008¥¥SBA¥¥SBA 
fishnetpop_final20170626¥¥SBA.gdb" 
file_list=arcpy.ListFeatureClasses() 
 
filename = "D:¥¥LA_buildings_2008¥¥tif2¥¥" 
try: 
  purge(filename, "temp2") 
except OSError: 
  pass 
 
start_time = time.time() 
f = open('los_result.txt', 'w') 
f.write('index,ID,HAVG,HMAX,STDEV,PAI,FAI0,FAI15,FAI30,FAI45,FAI60,FAI
75,FAI90,FAI105,FAI120,FAI135,FAI150,FAI165,FAI180,FAI195,FAI210,FAI22
5,FAI240,FAI255,FAI270,FA285,FAI300,FAI315,FAI330,FAI345,FAI360¥n') 
for j in range(0,len(file_list)): 
  fil=file_list[j].replace("Id_","") 
  if not os.path.isfile("D:¥¥LA_buildings_2008¥¥tif2¥¥"+fil+".tif"): 
      arcpy.Clip_analysis("D:¥¥LA_buildings_2008¥¥union_20170628.shp", 
"Id_"+fil,"D:¥¥LA_buildings_2008¥¥tif2¥¥temp2.shp") 
      result = 
arcpy.GetCount_management("D:¥¥LA_buildings_2008¥¥tif2¥¥temp2.shp") 
      store = int(result.getOutput(0)) 
      size=os.path.getsize('D:¥¥LA_buildings_2008¥¥tif2¥¥temp2.shp') 
      if  (store > 0) and (size > 1000): 
          
arcpy.PolygonToRaster_conversion("D:¥¥LA_buildings_2008¥¥tif2¥¥temp2.s
hp", "HAVG","D:¥¥LA_buildings_2008¥¥tif2¥¥"+fil+".tif", "CELL_CENTER", 
"value", 0.5) 
      filename = "D:¥¥LA_buildings_2008¥¥tif2¥¥" 
      try: 
        purge(filename, "temp2") 
      except OSError: 
        pass 
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  image_file = "D:¥¥LA_buildings_2008¥¥tif2¥¥"+fil+'.tif' 
  print image_file 
  if os.path.isfile(image_file): 
    resol = 0.5 # meters 0.5 
    sarea = 1. # actual surface edge length meters 
    img = cv2.imread(image_file,-1) 
    if img.dtype == 'uint16': 
        img[img>65000]=0 
    if img.dtype == 'uint8': 
        img[img>254]=0 
    if img[img!=0].shape[0]==0: 
        del img,image_file 
        continue 
    info = '%09i' % (j) 
    info = info +","+fil 
    info = info + "," + '%08.3f' % (avg_hgt(img)) 
    info = info + "," + '%08.3f' % (max_hgt(img)) 
    info = info + "," + '%08.3f' % (std_hgt(img)) 
    info = info + "," + '%08.6f' % (pai(img,resol,sarea)) 
    for i in np.arange(0.,361.,15.): 
        info = info + "," + '%08.6f' % (fai(rota(img,i),resol,sarea)) 
    f.write(info+"¥n") 
    print(info) 
    del img,image_file,info 
f.close 
elapsed_time = time.time() - start_time 
print elapsed_time 
raw_input("Completed.") 
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