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o Relationship Between Urban Warming and Surface Wind Speed

Toshinor1t AOYAGI and Naoko SEINO, Meteorological Research Institute, JIMA y
Contact: taoyagi(@mri-jma.go.jp Qég
— e
Introduction Experimental Design Results Summary
EXP2006HR — EXP1976 EXP2006 — EXP1976 EXP2006H — EXP2006 EXP2006HR — EXP2006H Total effect ofland surface modification on surface air temperature and horizontal wind speed
- - - . . Land use fraction change Anthropogenic heat Building aspect ratio change
The aim of this study 1s to figure out relationships between the Season: Summer (JA; July and August) Total effect (roughness, wetness alb%do Pos (radiati%n Furbulent ﬂuxef) Summer:  Positive correlation
1 1 3 3 . A4 , . . , ’ , . . . . . .
urban warming rate and the wind speed increasing/decreasing Winter (JF; January and February) Summer thermal inertia. etc.) Winter:  Negative correlation (but positive in the center of Tokyo)
rate, which are induced by land surface modifications, usin Domain: Central part of Japan, including Tokyo Metropolitan arca °C °C °C °C : : :
mesoscale atmospheric model " - ’ 2 2 ) ) Weakening of wind caused by enlarged roughness length is remarkable
y ' Atmospheric conditions: — . ' 12 2 in winter season when the average wind is originally stronger.
Initial & Bounda - JMA O erational Mesoscale Anal SiS Dataset . - o v ! o Increase of wind speed can be seen in the center area of TOkYO.
y O <] 1 1 1 1
Summer case : Start 01 Jul. 2006 — End 31 Aug. 2006 >
. . : ' ' ' O o4 e e e Lan EXP2006 — EXP1976: The changed t hness, wetness, thermal inertia, albedo, etc.
Some expected effects of surface modification on changes of Winter case : Start 01 Jan. 2007 — End 28 Feb. 2007 2 = : : : : and use ( | e changed parameters e roughness, wetness, therma inerta, albedo, etc.
the air temperature (at 1.5m) and the wind speed (at 10m) are : 0= o o o o Summer: Negative correlation
TOPOGRAPHY OF SIMULATION DOMAIN DIFF. 2006—-1976 URBAN_AREA 2 Q:"") -0.6 -0.6 -0.8 -0.6 Wlnter‘ Negatlve corre]atl()n
TAKADA SHIRAKAWA 20 G B Ey Ey Ey o )
o 3 U - '1:-5 = QE) o - - - Temperature increase is caused by the Bowen ratio effect, effective in
(1) Shelter effect IEAI? %KO 1800 b A2 -1 -1 s i humid summer. Wind speed is weakened by the roughness change
. -rf‘ MAEBASHE METe 1600 e along the urbanized area.
". .. ° kumacava " s ms ! ms ! ms-! ms-!
w 3 .!1' ‘3"‘ L O o) e 2% '1 ! |w ! |1 |1 Heat load (EXP2006H — EXP2006: No parameters changed except for the addition of anthropogenic heat)
{TTTTTL1] ¥ o e ~ s on s s , .. :
— - — ! f O?GTYOKESAEZ?@HBA' I - os cs o1 o1 Summer: Positive correlation destabilization effect 2
] . €00 H—7.5 s <] 0.5 0.5 0.5 0.5 . o . GS a 1 1za IOH e CC o
I Fasammar oL 2 e 0= Winter:  Positive correlation
KATSUURA > 0.3 0.3 0.3 0.3 *
O 200 -1235 < 0.2 0.2 0.2 0.2 . . . . .
o 0 ZJH;FQTEXAM}S 0 e . 8 o e e o Temperature increase is directly caused by the addition of
. o . 20 S . o o1 o1 o1 anthropogenic heat. Wind speed increased in the area corresponding to
When the surrounding roughness (trees and buildings) will ” the distribution of anthropogenic heat.
. . q_‘ —.4 .4 .4 0.4
grow hlgher ata IIlCtCOI’OlOglC&l observatory, ce — & o o T T A U (EXP2006H — EXP2006) 0§ (EXP2006H — EXP2006)
== —u:? —u:? —u:? —u:? Vertical fil f hori tal fr, 5 G 7w o
- N - Building s l l | l wind peed (1) and potetia ‘p—s > - ;
. . : By Q By 0 By Ry t ture (8) at a typical z z '
The surface wind speed will decrease. EXP. NAME Irlff%%gisgn A}Illégﬁlgfegaes%lc aspect ratio Ubanized aréa, TOKYO. : v A
*Roughness length around the observatory will be larger. Height : Width 3.0 ‘ ‘ . 3.0 ‘ ‘ | 30 | | | Unper panel e-o b - o
. o : . AT =1.980AU + 0.0759 AT =-0.7250U + 0.0692 AT =2.584U - 0.00464 Time series of differentials between = E- : /AN
lghe sur}facehalr temper}eltture will rise. ) EXP1976 1976 Not Considered 1:4 3 50 Cor. = 0413 | Cor. =-0.227 - EXP2006H and EXP2006, - 2 : NGvd
even when there 1S no anthropogenic exhausted heat EXP2006 2006 N : ) | | , N/ |
11 s ot Considered 1:4 o Lower panel : : |
*Turbulent heat fluxes will increase. L : B AT1.01 Profile of U and § of EXP2006H 5 |
*Radiative coohng at the surface will be inhibited. EXP2006H 2006 Considered 1:4 = and EXP2006, at nighttime (03LT) 00 03 06 09 12 15 18 21 00 00 03 06 09 12 15 18 21 00
\ ) EASASAA 8 00 and daytime (15LT). \ Local time Local tlme\
EXP2006HR 2006 Considered 3:4"7! = ol i \ =
— o - T,
1 1 1 QO - o
b g htere mlt%lht bﬁ negatlvfetcorrela?on *1 Aspect ratio was determined from BT . W
aIel dwvsllelrll d © Changes ol temperature GIS dataset in Tokyo Metropolis ' ' T £
W £ Z |
2) destabilization effect : : Inter 0 a I _ o
2) Land use information on 1976 and 2006 shows growth of urban area C i Exe006i oo 00
Nighttime Daytime fraction in the central part of Japan. Reduced vegetation area (paddy, —_ |1.: o o T T U S
logz) 0 log(2) ;5 farm, fOI'CSt) were changed to urban area (blllldlng and ro ad) : o Buﬂdlng effect (The effects in terms of radiation and turbulent heat fluxes)
o= o e i :
2 o Summer: Positive correlation
300 S = 04
B PADDY s = 2 : . .. .
B FARM s S £ » Winter:  Positive COI.‘I‘elatIOI.l - . |
§33 §33 1976 - F%EST 2 150 25 oo Temperature increase is caused by the inhibition of radiative cooling,
EgUIiTD%)G 2 100 o Q. o the decrease of effective albedo, increase of turbulent heat fluxes, etc.
22 i I ROAD 3 52 5 QE) 4 Wind speed increased in the area corresponding to the distribution of
i B BARE _URBAN| : 1 B2 « + By anthr nic heat.
iy ] : 2006 CIRIVER ER - ! 12 3:E¢83 S Opogenic he
When the additional heat will be provided to the surface layer B SHORE B L I - T ms ! Ti fthe-dav d d ; : fici AT = RIAUS X
caused by land use change, anthropogenic heat etc., ... M GOLF 00 : ) 1me-oi-the-day dependency of regression coefficient -2
0 2000 4000 6000 8000 Original Data : Digital National Land Information of S o s0 i so [ e 5o 20068 2005 e s 2100HR 2000 (e
. . . N Grid Number [x1000] the Ministry of Land, Infrastructure, - o 250 [ econ coen aee| Eo0 o leconcon) o N £ \
The surface air temperature will rise. Transport and Tourism of Japan VS e, i ,, LT ISR N«
«Anthropogenic heat, the Bowen ratio change, etc. http://nlftp.mlit.go.jp/ksj/index.html S, ¥ i Bl o e I e
The surface wind speed will increase. Horizontal distribution of Horizontal distribution of S % ;g;; E T o E e e
*The atmosphere will become more unstable stratification anthropogenic heat building aspect ratio : - by s v s i v o s
condition and the vertical mixing will be slight larger. N , amie Rl o 5> [T w0 o] el re—— R
. . . . (UA) ANTH. SNSIBLE HEAT {JF) W/ ASPECT RATIO (EXP1976) ASPECT RATIO {EXP2C06R) o= o — 0.6 £ 30 | COR. Coetr £ 30 | COR. Cocft | £ 30 N ] B L N R A
*Local pressure gradient will be formed and 1t generates ) QS & = o Eio Eio o bonh evans| 10 Ll e et t
local circulation systems. ) .;: \V%} \g& ‘ o . o veass ‘ e et
s o - 550 £l 550 - | =con curt/ | B30 = COR ot
. . . . Z: > 3-0 ! ! ! 3‘0 ! ! ! 3‘0 ! ! ! 3‘0 ! ! ! —‘5‘8 0 3 6 9 12 15 18 21 24 :g 0 3 6 9 12 15 18 21 24 -gg 0 3 6 9 12 1‘5 1‘8 2‘1 24 :g 0 3 6 9 12 15 18 21 24
b There might be positive correlation . s AT =-1394U+0.0739 AT =-0.6324U+0.0304 AT=1.514U -0.0501 AT =2.084U +0.0282 . Lot s Lo s Lt e
between the changes of temperature ° - . Cor.=-0.389 | o4 Cor.=-0.561 | Cor.=0.191 . Cor.=0.542 . i yay — " There are mainly positive correlations between the temperature
: 16 0.4 ‘ : ; : : i oz | e - . . . .
. 0.3 03} B .
and wind 1 5 | “ﬁt{f rises and the wind speed changes as the effects of urbanization
iﬁ ‘S s | gaecqodoob b e ymqod L] N 5 . On the other hands, it is shown that there are mainly negative
: : : < | " o 02 "\L correlations between the urban warming trends and the wind speed
: {/J -~ J Y O e e AP | o3 S f, 1 trends in recent several tens of years from the quite careful analyses
= - P - ’ | =i 2220 Az of observational datasets (e.g. Fujibe 2009).
8 | axf W A / Further discussions are needed when we compare the simulation
— l25 05 Vs e em s moa o oewm o results in this study and the previous observational researches.
N . . . Acknowledgement
A U f;g:let:ie{rlejﬁcistz(l)tgéuIigcaélggslz:mg?;1s()tgtgi;)t§glilnt;?a1>mg§fastgfg?%,??%4. This work was supported by a Grand-in-Aid for Scientific Research

(B22340141) from the Japan Society for the Promotion of Science.



	ページ 1

