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Fig. 1

Topography and population distribution
of the area around Tokyo. The dotted
line shows the ward area of Tokyo, and
the dashed line shows the area shown in
Figs. 2 and 3. Hatching shows the area
above 600m from the mean sea level, and
double hatching shows that above 1200
m. The stations within the ward area are
shown in “@”, and those used for the
interpolation of precipitation are shown
in “¥” and “A”. Other stations are
shown in “+”. Station names are Otema-
chi, Nerima, Setagaya, Shinkiba,
Haneda, Mito, Maebashi, Kumagaya,
Urawa, Chiba, Katsuura, Yokohama and
Qdawara.
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Distribution of precipitation amount (mm) for each specified period of the year.

KREL, ZOEIRZI0%GEZEBZS. ZHIEEHERTIRZR
W3, Lo 4 MR T O REHIOFRICEARRESK
EVWHEESD D, RS L PIH T Y IREHNIEC s 5

H23d 5. —7 =1 mm RS ZBRITRO E—
ZIFIREALER N R, IhiZBKEREOE—2

DEELTHEHOEKICLSEZEE2RET S,

55 K3k E - 21 mm BRI - =5 mm BEEHO
REOHEE 7 7TRLIZHDT, &Y 4~9
B-10~3 BO&ER%ERT (10~ 3 HD =5 mm KK
B DRT E B 0HK) . BERI (2] OB
THELLHORRRLTHS, KFHTIR4I4~9H
DEFTERBEAEREZOBAVBE SN S, =21 mm
RFEIBURZE OB ARIETT . #2, =25 mm FFEEIE 4
~9 HOEF~YF FIZBIWET 2WMRKERFD. Z0D
Zeps, BERFROREY -2 ZFIHHEEAD
BHETh2 I EB—EEITSNSE, L, 25mm

SR&E” 45. 1.

NI | -El ectronic Library Service



Met eor ol ogi cal Soci ety of Japan

HEIC BT 5 Bk DERRE £ RELLOERE 11

Precipitation amount

TZOUP cuca TP R
T N

00 06 12 1!3 2400 06 12 18 2400 06 12 18 2400 08 12 18 2400 06 12 18 24

21lmm hours
' \0/
;& 5 (30 /163 \

UZOWP e Z > Erxfe.
{92 v
c(z
o
o’

AN

00 06 12 18 2400 06 12 18 2400 06 12 18 2400 06 12 18 2400 06 12 18 24
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Fig.4 Seasonal and diurnal variations of spatial anomalies (%) in precipitation amount and =1mm
hours.
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Fig.5 Diurnal variations of spatial anomalies (%) in precipitation amount and frequency. For annual
values, the ranges of standard error are shown in vertical bars.
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Table1 Spatial anomalies (%) of precipitation amount and frequency at stations in
Tokyo. Values for 12-18 JST are shown in parentheses together with those for

the full day.
Otemachi Nerima  Setagaya Shinkiba Haneda

Precipitation amount

Annual 4,008.0) 3.7(7.8) 4.1( 6.9 —6.9( —=6.7) —5.2( —6.0)

October-March 2.8(0.8) 2.5(3.3) 4.6( 5.0) —8.8(—11.2) —8.1( —9.0)

April-September 4.7(12.5) 4.4(10.4) 3.8( 8.1) —5.7( —3.6) —3.4( —4.0)
Precipitation frequency

Hours with=1mm  0.2( 1.7) 3.8(5.2) 3.1(C 3.4 —6.0( —7.1) —5 .2( —5.9)

Hours with2z3mm  3.3(2.3) 1.5(1.2) 2.7( 5.1) —8.1( —7.9 6( 10. 9)

Hours with=5 mm 7.4(14.7 0.8(6.3) 3.5(-0.5) —7.5( —2.1) 3.1( —0.6)

Hours with=10mm  9.7(21.2) 4.3(23.1) 0.6( 7.8) —8.1( 0.1) —4.9( 1.6

Days with=1mm 0.2 3.7 3.2 —5.3 —4.5
Significant at levels of : 1%, 5% 10%
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Fig.6 Long-term changes in annual precipitation amount and precipitation days. The raw values (p,; in
Eq. (8)) are shown in “+7, and those filtered out of ambient variations (p,;~2f.C:., Where K =4)
are shown in “O”. Dashed lines indicate the linear trend (a;+ b;,).

Table2 Linear trends of annual precipitation amount (mm/ (50
years)) and precipitation days (days/ (50 years)) at stations

in Tokyo.
Otemachi Nerima Setagaya Shinkiba
Amount Days - Amount Days Amount Days Amount Days
K=2 16 1.3 44 8.7 152 10.8 37 11.9
K=3 24 2.0 46 9.6 153 10.8 37 12.6
K=4 20 2.0 41 9.6 145 10.8 38 12.7
K=6 10 1.9 42 9.8 155 10.5 47 13.3
Significant at levels of : 1% 5%.
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Fig.8 Scatter diagrams of precipitation
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Fig. 7

Comparison of diurnal precipitation var-
iations (normalized by the daily mean)
at Otemachi obtained from : @ observa-
tion for 1979-1994, @ observation for
1886-1923, and @ spatial interpolation
for 1979-1994. The left part shows each
of @, @ and @. The right part shows the
ratios@® + @ and @ + @. For @ and
@ + @, the ranges of standard error are
shown in vertical bars.
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b, YHEBATFCERERD. ThiZBERI—8&
K7 HE(LTH 5 (Fujibe, 1988a). LHrL QX @ &
HARTHFBOEPEUKE L, FHIOBEINNZ WL, @
b QO KHARTYH~FLIIAE D, BT X L IFFH]
BN THL, BTHOENE, @ LDlkz2RRT
(T2 DO L @+@ 2RLELHBDT, R
HYEHE2 1 LTHE. HOBHMIAT LEETH
5. ZOEIE, HFEOHLTIHBE~KIERR L H
RCFEROBKRBOLENE X 2EANH 2. F2E
DRERLEDLE S &, #HOTRBELLERTH AL

14

amount at Otemachi for specified
hours of the day of each year. Thin
dotted lines indicate the y =x relation.

HARTY, EF~YFOBKRNREZENZ LIk 5,

UL LEAED BRI EL OEBNAE L, @
EQODOBHRENLEND L LETREZL R, B8
RS 12~18F DA E (=p,) ZAftdEl, 00~06BFDREAK
8 (=p) 2HEcEY, O~@ cBJ 2 BEDEY
7ay bL7bDTHE. BTIROBRCINTD D
B0 @ LD SELCHHT B Lick 55, 58K
KBOWTEHELXDESDENKREL, O L@
DEOEZBT 2 DI3E L,

O L @oHEBOE 2 HETRYICTM T 2 72
B, ZHD p+p, HLIZDWT2.28i2.2.30D F kT
BlREZKD, ZOVFHEOEEREL TH, 0
FERIL, pr+pe LLDOZEFBIRGE TL0%KEE DS S
CCiileT ewd bDiEo7, BoFEE LT,
WilcoxonD#E (Kendall and Stuart, 1973) 217> ¢
Hlz. I, 2 DORHERIHE CHERSMICHE S 5
B, WMEOFEECENDH I N EI 2L DT
H3. OeQ@Dp+p i, AUHE KFE) o
BEKREBOBEILTH 21 ORI CHERSH IS 2 L
HARF T &, Wilcoxon REDFHE R E7- 3. ZDHER
Lo THREY, n+thlbOEBRFERETEDEY
10%KE Rz T L WHIBRICR -2, #-T, KF
HTOREKBHEEHH S e B L L XE 2T, “E
LU AREMDS H 3" WS HMZ L 8 E o682 %28
BRODVBBIRTH 5.

4. A ;
SEHEHINBECE ST, EEOBKREEIC
NI ZEHNRELHBR T2, T TRE1Z02.2
2.2.3THiNI: kST, BEKoO BRI BRI ENC I
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5 L CHMRRTHS.
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(Changnon, 1980 ; Westcott, 1995). HEEOBEE HH
FBC L 2EBROBENEZ oD, FlEEE t—
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FNTAT Y ROMBENER S &, FHEOR AR
WZEEWISGRANE & 2 AIREMED B % (FFY, 1990 ; Yoshi-
kado, 1992). Zh oD E» 5 BT, BKkOBEMERmH
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EBRERRBLTWLIETHS, 5HY, BRHE
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¥ Pittock, 1977 ; Lowry and Probald, 1978). [k
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0.

DWTRYES, SHOFEZ “Fraees” LRIE-T
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CESTRIR L BABER & QHFIN o ZS5H L WS
Th3d. ULrLEEOWERI N, BEHOBEMI
BREROE— 747> FOIEHMXEBOEFH 2 A & <
2 CHEFEHONES  TRATREENREN TV S
(BB - AR, 1991 ) |&ET, 1994 ; Fujibe, 1994). Z
S ULRIEEBOE— 74 7> FBEEFEORKIEE
WCEARFBERRIZTO», SHROVFRREL L TH
BREE V>,

-

7 A ZAERIRETHETEIMER L IR T —7
BHE (OO b —HERASMERBEFEREREDO L D)
Ko 7e. —EROBIDIER I 1 K& FeRF @ HITAC
S-3800Et B 2> 7z,

& & X B

Balling, R.C.Jr. and S.W. Brazel, 1987 . Recent
changes in Phoenix, Arizona summertime diurnal
precipitation patterns, Theor. Appl. Climatol., 38,
50-54.

Changnon, S. A. Jr., 1980 : Evidence of urban and lake
influences on precipitation in the Chicago area, J.
Appl. Meteor., 19, 1137-1159.

16

Changnon, S. A. Jr. ed., 1981 : METROMEX : A
review and summary, Meteor. Monogr., (40), Amer.
Meteor. Soc., 181pp.

Changnon, S. A. Jr. and F. A. Huff, 1986 : The urban-
related nocturnal rainfall anomaly at St. Louis, J.
Climate Appl. Meteor., 25, 1985-1995.

Changnon, S. A., R. T. Shealy and R. W. Scott, 1991 :
Precipitation changes in fall, winter, and spring
caused by St. Louis, J. Appl. Meteor., 30, 126-134.

Clodman, S. and W. Chisholm, 1996 : Lightning flash
climatology in the southern Great Lakes region,
Atmos.-Ocean, 34, 345-377.

RBpELR BEE B, 1972 TSRS, #HE8EE, 214
pD-

Fujibe, F., 1988a : Diurnal variations of precipitation
and thunderstorm frequency in Japan in the warm
season, Pap. Meteor. Geophys., 39, 79-94.

Fujibe, F., 1988b : Weekday-weekend differences of
urban climates. Part 3 : Temperature and wind
fields around Tokyo and Osaka, J. Meteor. Soc.
Japan, 66, 377-385.

Fujibe, F., 1994 : Long-term falling trends of pressure
over the Kanto plain as evidence of increasing heat
content in the lower atmosphere in the daytime of
the warm season, J. Meteor. Soc. Japan, 72, 785-
792.

BEERCHE, B, 1979 © BERMIG 2 B 3 FHE
BT A%, B2 EHOE— TP A T FizfES> i
EER, KK, 26, 697-701.

Hald, A., 1952 : Statistical Theory with Engineering
Applications, John Wiley & Sons, 783pp., 498-499.

JRE  BH, 1982 | KRODOES & [UBEOELL, REEBR,
223pp.

Huff, F. A., 1995 : Characteristics and contributing
causes of an abnormal frequency of flood-produc-
ing rainstorms at Chicago, Water Resour. Bull,, 31,
703-714. _

Huff, F. A. and J. L. Vogel, 1978 : Urban, topographic
and diurnal effects on rainfall in the St. Louis
region, J. Appl. Meteor., 17, 565-577.

Jauregui, E. and E. Romales, 1996 : Urban effects on
convective precipitation in Mexico City, Atmos.
Environ., 30, 3383-3389.

REEXR, W @ W & ACNE)ER, 199
ERER N\ S RERMED LR RET 2 E@NAER)
DEFIFE—1989E8H21H Ofl—, KK, 42, 417-
427.

Kendall, M. G. and A. Stuart, 1973 : The Advanced
Theory of Statistics (3rd ed.), Vol. 2, Griffin, 723pp.

YRE” 45, 1.

NI | -El ectronic Library Service



Met eor ol ogi cal Soci ety of Japan

KRB 2 BkOEMREE L BRELLORRE 17

ANELSE, 1994 BHIEIC X 5 KEK DA FE%
KHEZ B 5 HEEFEOHBEEE OB — XK
41, 313-320.

[T, 1994 T B 2 HRORERR L JIEEH
~ZDEEBLRBL~(V), [RJT, 444pp., 303-313.

AL, 1980 @ ARIEE LBk ORI, K[URZEEHO
EHE R R, H9EBE 289pp., 220-230.

Klaus, D., E.'Jauregui and W. Lauer, 1983 : Stadt-
bedingte Niederschlagseffekte im GroBraum von
Mexiko City, Arch. Meteor. Geophys. Bioclimatol. ,
B33, 275-288.

Landsberg, H.E., 1981 : The Urban Climate, Aca-
demic Press, 275pp.

Lowry, W.P. and F. Probild, 1978 : An attempt to
detect the effects of a steelworks on precipitation
amounts in central Hungary, J. Appl. Meteor., 17,
956-975.

Pittock, A. B., 1977 : On the causes of local climatic
anomalies, with special reference to precipitation in
Washington State, J. Appl. Meteor., 16, 223-230.

Sanderson, M. and R. Gorski, 1978 : The effect of
metropolitan Detroit-Windsor on precipitation, J.
Appl. Meteor., 17, 423-427.

BEO &, 1970 @ HHERMEE, R&, 17, 89-96.

BERT, ARELS, 1991 fHEEEEET 2R
SURE 7V OBRFE & I, VR B KRS Fe s
F&FE 44-51.

Vogel, J. L. and F. A. Huff, 1978 . Relation between
the St. Louis urban precipitation anomaly and

synoptic weather factors, J. Appl. Meteor., 17, 1141
-1152.

Westcott, N. E., 1995 | Summertime cloud-to-ground
lightning activity around major Midwestern urban
areas, J. Appl. Meteor., 34, 1633-1642.

KB B, WRE— dbE— 1996 KIRBEAK B
i3 EHIORERAERRE, FEAPGKER, 39B-2,
271-284.

Yamashita, S., 1990 : The urban climate of Tokyo,
Geogr. Rev. Japan, 63B, 98-107.

Yonetani, T., 1982 : Increase in number of days with
heavy precipitation in Tokyo urban area, J. Appl.
Meteor., 21, 1466-1471.

Yonetani, T., 1989 : Study of the urban effects on the
occurrence of convective precipitation, Report of
the National Research Center for Disaster Preven-
tion, (44), 1-59.

HFT B, 1990 D iR TR L B REREICE 2
5B DOBIEEE, KK, 37, 681-688.

Yoshikado, H., 1992 : Numerical study of the daytime
urban effect and its interaction with the sea breeze,
J. Appl. Meteor., 31, 1146-1164.

HEER, 1957 : HEHRXAICBIT2WOSMH L MWHE
BOHEM, KRR, BARSRFESMIITSEETLS
FWOCEE, 121-125.

HEFIER, 1961 @ /NKUR, HAES, 274pp.

HEFIER, 1977 . HEAB X UCABEDEH T B 5 K&
DAL, [EWE ./ — b, (133), 1-25.

Spatial Anomalies and Long-Term Changes of Precipitation in Tokyo

Fumiaki Fujibe*

* Forecast Research Department, Meteorological Research Institute, Tsukuba 305-0052, Japan.

(Received 15 April 1997 ; Accepted 18 August 1997)

Abstract

Spatial distribution of precipitation in and around Tokyo were studied in search for urban

anomaly by using data from the AMeDAS raingauge network for 16 years (1979-1994). The

anomalies at five stations in Tokyo were defined by the departure from a quadratic interpolation

based on 21 stations outside the city. Also, the long-term precipitation changes were analyzed by
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using data prior to the deployment of AMeDAS raingauges. The findings are summarized as
follows : (a) Stations in the central and inland area of Tokyo show a positive anomaly of precipita-
tion, while those in the coastal area of the city show a negative anomaly. (b) The positive precipita-
tion anomaly tends to be enhanced in the early afternoon of the warm season, reflecting the large
anomaly in the frequency of heavy precipitation (=5 mm/hour). {c) The feature in(b)is most
conspicuous at the station in the central area of the city, where the diurnal variation pattern may
have changed during the 20th century toward a higher percentage of precipitation in the afternoon
than in other time of the day. (d) The stations in the inland area of the city are characterized by
positive anomalies in the frequency of precipitation in general (=1 mm/hour and 21 mm/day), as
well as a long-term increasing trend in the number of precipitation days (=1 mm/day). Part of these
anomalies and changes may be attributable to urban effects, although a conclusive judgment will call

for further evidence.
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