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SENSITIVITY STUDY ON THE EFFECT OF INCREASED AREAS OF FOREST AND ENVIRONMENTAL
OPEN WATER IN URBANIZED REGION ON THE REGIONAL SCALE CLIMATE IN SUMMER SEASON

tmEE" - KETRE’
Toshihiro KITADA, Chiharu YONEZU

ABSTRACT: Urbanization in coastal area possibly changes climate in inland area through local
flow systems such as sea breeze. In the Nohbi plain, which is located on the Pacific ocean side
central Japan, the coastal urban area having expanded during a decade from 1975 to 1985 raised
daily-maximum temperature over its inland suburbs on summer sunny days; this was partly attri-
buted to horizontal heat transport by the sea breeze warmed up over the coastal urban area. In
this paper, results of hypothetical sensitivity study using numerical heat transport simulation
are reported on the mitigation of this inland high-temperature by changing land use over the
coastal urban area, namely, by increasing area-ratios of forest and environmental open water
there. The principal conclusions are: (1) the forest and open water introduced in the coastal
urban area can decrease the maximum temperatures over a large inland area, (2) the temperature
decrease ranged from 0.3° C to 2.0° C depending on the type and the extent of the land-use newly
introduced; this decrease was almost equivalent to that calculated for the "without artificial-
energy-use” case, and (3) these reduced temperatures of background air mass are expected to con-
tribute largely to saving energy for air-conditioning in the regional scale in summer time.

KEYWORDS: Heat island, urban planning, land use, environmental open water, forest, sea breeze.
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Fig. 2. Land use in Nohbi plain, Central Japan for summer
in 1985.
land (),

use for total area except sea surface, shown in the figure

Symbols are: urban area (X)), forest (| ), grass
and water surface ( ). Area ratios of the land
are: 37.5% - urban area, 18.4% - forest, 15.8% - grass land,
Numbers @ to @ denote observa-
tion sites which are referred to in text: Showa-ku, Nagoya @,
Minami-ku, Nagoya @, Kariya @, Handa @, Komaki &, Konan ®
Inuyama @. Ichinomiya ®, and Inazawa @.

and 28.5% - water surface.

ble 2. Simulation cases : (1) Testing effect of wodified "Urban” area on

FRFEOETINTHE . Table 1 DX DT,

temperature distribution in regional scale.

7 X K(albedo) a . &— = Lk(Bowen
ratio) B8, MEBOREEHNFE: . HEE
2o THEINB, £+ )4 TE. 19855
Ot MFAH (Fig. 2) 2ERIZLT. Zh

Bowen Retio

NoE L DEHHA v & 2 OREER (F
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DEERNRG A —F — @0t U CEHBERIC
KHEEATEEHETHI LICL D N
Ay vaDEELE (2L, HEER.
WTFhOBHEL L LOBHRMELEH T S)
BHLUED
Fig.5 a. b, c |, Case 2~4 |ZDW T,

Case Change of Land use for "Urban” Area for Modified "Urban” Area
1 Base Case* 3.0
2 Urban* - Urban x 0.5 + Grass Land x 0.5 2.25
3 Urban* — Urban x 0.5 + Forest x 0.5 1. 75
4 Urban* — Urban X (2/3) + Forest x (1/3) 2.17

# Land use distribution for "Base Case” is shown in Fig. 2.
# Land use of each grid specified as "Urban area” in "Base Case (Fig.2)” is
"Grass Land” for half of the "Urban Area”.

o Table 2 KKV F U AZERT, TOFRITI ., LHRHEE

changed as, for example,

WM " DBowenkt bR N T3,

HEDORIIZE - T, X —R (Case 1) S BREEAKEN
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Mo, kmiCIAERERTEELITRY) 2L-T05E, BEH., Case 3 ORBREAITVE-EBK

XOIELBPEIRATHZ CTHHI L,

MNECEHSEBEBYOESOPREI NI ERENFIN S,
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EBXNZHEMNH D, ZOIENEHIRDOK peratures at Showa-ku, Nagoya (i.e., @ in Fig. 2)
itk ->THEHRBHIEDLLRVERE LT on 12 and 13 May, 1985.
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Fig. 5. Difference of daily-maximum tempera-
0.0 3 tures between Case 2 and Case 1: (a); Case 3
Md) ¢ 20 40 60 and Case 1: (b); and Case 4 and Case 1: (c)
0.5 (M/8) |, Y (KM)

5.0 (M/S) at the sites of Showa-ku @O, Minami-ku @,

Fig. 4. Example of the flow field obtained Komaki &, Konan ®, Inuyama @, Ichinomiya

by the objective analysis at 1400 LST on 12
May, 1985: (a) horizontal flow at 10m high
zbove ground; (b) flow in y-z vertical plane
at x = 34. 3km.

®, and Inazawa @. The coastline is at the
grid number 0 in the figukre‘ (In the real
simulation domain, that is located at the
22nd y-grid). One y-grid corresponds to 924 m.
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Fig. 7. Distributions of the daily-maximum-temperature itself in Case 1: (a), and of its de-
crease in Case 2: (b), in Case 3: (c¢). and in Case 4: (d). Shaded area shows where the tempera-
ture decrease exceeds 1° C. Cross (X) denotes the Showa-ku site. Units are all in ° C.
T otz, RS —R (Case | ) B3 HB WO LA A RS (19854) 3. Table 3 ITRT & ST,
JKIE 6.8 % 7ékk 5.2% HBE 4.8% #H 83.2% THhB, ChEBRRELT. LHERHOLTHIINS
ZEEKEELE 15, 25 % & L7cr— % (Case 6.7 ) BLU/KMLLL 5% +FML20%ELcr—2X

(Case 8 ) WDWTHEREINEET o0, Bk JTOKELEERT D7DIC, HHD/ T4 —F—%FHD
A HIkmUFEBMAETSE) ICBOTKE ST A —5 —ZHELALFLTHOES &L -TI %
1T-17 ( Table 3 &)

Fig. 10a,b.c iz, EhZh, Case 6,7.8 OB ADO ARAKRBORD 5 (FEAr—2 @ Case | IKH<TO
BYD) OEBHATT. BHEEE S WBENKCEROSHROKEL 15%RETIIREDIZ. 0.2
CEREIELES (Fig. 10a) . KEH 25%TH. 0.6~0.7 CEREORATHS. LLL. WTHO
BAETH. WRETHANOHERHENS B I LW, MRICFINT S, THhbL, SEBNEZEZL L&
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KEZBZHBNRELTRPEN0. 47 C
BETHINS., COXKARIZLZEER
BTRBROHBIX. " ALBEOFEAEZLT
kD" OLRUBETHLEEZ S0
Thb,

6. #aN

T ORMEE. BREOKE k. AL
E) BAEEIFHI LTk - T, HRHE Ok
AT 100 knm 27— L) ORBHEICE
DX HIBEARD RN, TOHE.

(1) B¥ERFZEFAILGERERESE
T2 EHRENH S, TOHRIIEHN
DEDFHTHRLEFTIRTIR A L L R
Fric @Bl s s HET AlnoEHO R T
TbhsEL v RENTH S,

(2) 2 DE%RTHRERNO B R EET
LS Eghid, mESOBTHRTO. 20
LONBERVDETH 5,

(3) [ABRBRIDIHD LEDOMNEE . R
B TR ENZ L LHETERETITO
NTHDTE®RDL D ELS,

(4) BHROBRYEOEMITH LT,
MR O HREKBO B XIEREM LG
BERE, $RbLL. BHHORKEE

Table 3. Simulation cases : (2) Testing effect of environmental open water

surface on temperature distribution in regional scale.

Area- Ratjos of Land Use
Case in Nagoya City
“"Yater surface” in Fig.2, except
5 the sea surface, was changed
to "grass land”.
6* ¥ater surface 15 %
Urban area % %
7" ¥ater surface 25 %
Urban area 65 %
Yater surface 15 %
8 Forest 20 %
Urban area 60.2 %
Yater surface 6.8 %
1" Forest 5.2 %
(Base Grass land 4.8 %
case) Urban area 83.2 %

#§ Area ratios for four types of land use in Nagoya City in Case | (i.e.,
"Base case”) are listed for reference.
% Listed are only ratios different fron those in Case 1.

30
28 s Case 1
26 7 e i
24 W, =+ ---Case §
22 4
204 .
18 4 &
16
14
12
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Fig. 8. Calculated temperatures at Ichinomiya

(® in Fig. 2) in Case 1 & 5 (Table 3).
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