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Abstract

Recent advances in studies on long-term changes in precipitation amount and its character-
istics in the world and its regional aspects are reviewed. According to the IPCC Fourth Assess-
ment Report (IPCC, 2007), global annual land precipitation has increased about 1.08-1.10 mm
per decade since 1901. Precipitation amount mainly increased in middle and high latitudes. In-
creases in winter precipitation are obvious in Eurasia, North America and northern Europe. On
the other hand, decreasing tendency are observed in southern Europe, northern Africa, and
South and Southeast Asia. There is no evident trend in Oceania and Central America. Although
a long-term increasing trend is seen in the global land average precipitation, there are distinct
decadal-scale temporal variations in precipitation time series.

It is expected that precipitation characteristics, such as precipitation frequency, and intensi-
ty, will increase because of an increase in the water holding capacity of the atmosphere in a fu-
ture warmer world. Changes in precipitation characteristics have been investigated in many re-
gions around the world. The frequency of heavy precipitation has tended to increase in several
countries in the middle and high latitudes during recent decades. In Central America and the
Caribbean region, interannual variations related to SST variations in the tropical Pacific and the
tropical Atlantic were observed.

The contribution of very wet days to annual total precipitation across the globe has sharply
increased in recent decades. However, daily precipitation data used for investigating on the pre-
cipitation characteristics are very limited, particularly, in African and Southeast Asian regions.
Thus, the long-term changes in precipitation characteristics presented in a number of recent
global and regional reports are not very reliable for these regions. Data rescue activity, particu-
larly, for the first half of the 20th century is urgently needed in such sparse data regions, as Afri-
ca and Southeast Asia.
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% OFBEE TV ORFERT, WIRRIEILRIZIE
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(Trenberth et al., 2003 ; IPCC, 2007 7 &) o —77,
IPCC (2007) 2 & % Bk &7 o 7 # R T g,
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A IA (2007) O#HEFIZ, TPCC (2007) %1%
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WHHE T 5 & 9 BRELIZED STV, ER
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ERHHHEBL TS (K1),
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(Nicholson et al., 2000; Dai et al., 2004) .
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Fig. 1 Time series of annual land precipitation anomaly based on GHCN data for 1900-2005 (IPCC,

2007).

The anomaly is the difference from mean precipitation between 1981 and 2000. Smoothed lines indi-
cate decadal to inter-decadal variations. Each smoothed lines is based on GHCN (Peterson and Vose,
1997), PREC/L (Chen et al., 2002), GPCP (Adler et al., 2003), GPCC (Rudolf et al., 1994) and

CRU (Mitchell and Jones, 2005), respectively.
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FTRMEACH Y, REDWIET A1) A HEHBR
F—A T TR THADT A H L, —
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berth, 1999; Trenberth et al., 2003 ; IPCC, 2007
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L CZOMOWIED KM% D1 72, Easterling
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Fig. 2 Changes in precipitation characteristics over the global landmass (IPCC, 2007).
(a) Spatial distribution of trends in the contribution of very wet days to annual precipitation for 1951-2003. Unit is
percent per decade. (b) Anomaly time series of the contribution of very wet days to annual precipitation over land.
Base period is 1961-1990. Unit is percent. Red line indicates decadal to inter-decadal variations. (¢) Long-term
tendency of heavy precipitation over the worldwide. Countries examined are shaded, and + (—) indicate increasing
(decreasing) trend.
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I —u v O (Klein Tank and Kon-
nen, 2003) T, HHIT—a v SRHY O I —
0y 2N % HL0NZ 1946 ~ 1999 0 M IC SN
H O RKEAERKRIS D 2 EEIHML T
LHMWEAL V, F/oq3—ay X0y TRAS v
T TEEET b A KR - SEBEE & b I2BE
fEI02 2 %5 (Groisman et al., 2005). b H i
D% OB TERKEDHD L T 5I2H 0
b5, FEWIZXLRKEOHEEEML T
% (Brunetti et al., 2001; Alpert et al., 2002;
Mabheras et al., 2004) . —}, A4 ¥V XA TIELZHE
AR RS 2 AN H D, HFITIENE
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K, METWICAEBICHEML WS & 2L
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M7 AU B KETIE, #2270 EBORIT%
F=IPEONL LR, T2 THHEMIEE
B NE 18 AS A 5 7z (Groisman et al.,
2005) . Haylock et al. (2006) X, M7 X ) 7
KFED 1960 ~ 2000 ED H KR T — 7 955
WERHHT 2 5HOBHE RO, BBEKEE 5
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Griffiths, 2001), 77, BT DR AR TFEHIL

— 828 —
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BN &AWL 7, Klein Tank et al.
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2000 4E D H KR T — 7 S5 2 £ KO
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Fig. 3 Trends in annual number of wet days (a) and annual mean precipitation intensity (b) in East and South-

east Asia for 1961-2000.

Blue (red) circle indicates increasing (decreasing) trend. Trends are normalized by the long-term mean. Unit is

percent.
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L2 TR LWHLOEEDEZEZ b b, 1976
FELREDOT A 27— % vz llAE (2006)
&2 L, EFoRFESXTEICBBbNZH

—830—



BB HiRK 1 IRERBERRIE, BOHF 5 e
LW QLI TH B 2 INMEN 2 R % &,
SFIEPE RN~ OER T DD H H b TV D[ EE
W23 %o M7, [RITHHES L 7= B Bas DLk
DFYZIVTF—F &, 1898 ~ 2003 4E D7 —
7 CHBEARR - 4 KRB X O 1 RER KR O TR
B ZE AL % X7z Fujibe et al. (2005) Tig,
WO R 7 — VT b 3R SERN O BN H) 2
A B NS=—T, WHIZZOMAHI R NFIEIIZRD

S5NTW R,

Alexander et al. (2006) 1%, _Fuk U 72 H#iisiif
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Fig. 4 Trends in summer (June-August) precipitation over the Indochina Peninsula for 1961-2000.
(a) Using station data. (b) Using CRU TS2.1. (¢) Using GPCC VASClimO. (d) Using GPCC Full
products.

Trends are normalized by long-term mean. Unit is percent.

—832—



mO 7—% L K& EAR L, GPCC 7— 7 OfE
KRR ATTRE R T — 7 2T _RTHHLTW A7
BDIZ, ML FOMA 7 Mg AsEK ] S L7z Bk
DD b, ZHSHEDOTY v FF—FIZBW
TR L2 Bid® e s kg, 79y FEoF
ELRR L7720, WTho ) v F7F— & 38l
HHROEEZ L) L HBL TW 200 % HIkrg
% Z &3 Lv, F72 IPCC (2007) 12k 5L,
A AL A2 2P (1951 ~ 2005 4E) (2B B ke
WHAKBEDO ML Y FIE, 5200F =%ty M
XoT10EDH72D -6.63mm 205 1.82mm &
ML Y ROMEDONT Y FREFICRE L, BRI
I2H ZEMIC B EHAREVEKOE=S Y V7
DL S Z2IHHL TV 5,
MRGERELSADLE, TNV TF—%
ty MOTFT—= SRV LT T RT 7
YA BIAMENVLENRTVWS, — 5T, H
M7 YT REETIE, 1950 DRI O T — ¥ 1,
WEZIZIEFEAEDR TV MEENR TV WIREE
12& % (B 213 Page et al., 2004 D Fig. 1), 414,
B VA= VT VT IRLEBEGEEE (MAHASRI)
HEOEENIE T Y 27 FOT T, Bk L
OEHREEO LTINS TF—5 2 7Y 5 VAL
L, XY RECBIEEEOH -y b
RS A 2 LIS, ERBICTGHLA TV LB
Hbo

B

ARWEFE T, BREGA T TEA G A 2 1 REDn) I B AT 7
S ARG ENC X 27 V7 E VA= v 2LOERED
APl & PRI T A 0EE ], SR A IR IR i B Al
(R IERBIIEA Y A7 o ] [F— 7 #a - AT A
T A, BHEEEOR R AR JST-CREST 712 ¥ = 7 b
[BHTE Y A= 7 I TIIBIT 5 BEKEB DB FR DK
PEEBR - [ERERICH 2 B8, SCHH AR AT Je E A
By Thi 2 B G O J8 MR & 2 o RINZS B 12 B
FTAME] 25 THEE 2w, 72, RimHic
A7z 1, M 21& IPCC 2 BT &2 iz 72wz,
L TE#HoOEERLE T,

X W

Adler, R.F., Susskind, J., Huffman, G.J., Bolvin, D.,

Nelkin, E., Chang, A., Ferraro, R., Gruber, A., Xie,

P.P., Janowiak, J., Rudolf, B., Schneider, U., Curtis, S.
and Arkin, P. (2003): The version 2 Global Precipi-
tation Climatology Project (GPCP) monthly pre-
cipitation analysis (1979-present). J. Hydrometeo-
rol., 4, 1147-1167.

Aguilar, E., Peterson, T.C., Ramirez Obando, P., Frutos,
R., Retana, J. A., Solera, M., Soley, J., Gonzalez Gar-
cia, I., Araujo, R.M., Rosa Santos, A., Valle, V.E., Bru-
net, M., Aguilar, L., Alvarez, L., Bautista, M., Casta-
f6n, C., Herrera, L., Ruano, E., Sinay, J.J., Sanchez,
E., Hernandez Oviedo, G.I., Obed, F., Salgado, J.E.,
Vazquez, J.L., Baca, M., Gutiérrez, M., Centella, C.,
Espinosa, J., Martinez, D., Olmedo, B., Ojeda Espino-
za, C.E., Nunez, R., Haylock, M., Benavides, H. and
Mayorga, R. (2005): Changes in precipitation and
temperature extremes in Central America and
northern South America, 1961-2003. JJ. Geophys.
Res., 110, D23107, doi:10.1029/2005JD006119.

Alexander, L.V., Zhang, X., Peterson, T.C., Caesar, J.,
Gleason, B., Klein Tank, A.M.G., Haylock, M., Col-
lins, D., Trewin, B., Rahimzadeh, F., Tagipour, A.,
Rupa Kumar, K., Revadekar, J., Griffiths, G., Vin-
cent, L., Stephenson, D.B., Burn, J., Aguilar, E.,
Brunet, M., Taylor, M., New, M., Zhai, P., Rusticucci,
M. and Vazquez-Aguirre, J.L. (2006): Global ob-
served changes in daily climate extremes of tem-
perature and precipitation. J. Geophys. Res., 111,
D05109, doi:10.1029/2005JD006290.

Alpert, P., Ben-Gai, T., Baharad, A., Benjamini, Y., Ye-
kutieli, D., Colacino, M., Diodato, L., Ramis, C.,
Homar, V., Romero, R., Michaelides, S. and Manes,
A. (2002): The paradoxical increase of Mediterra-
nean extreme daily rainfall in spite of decrease in
total values. Geophys. Res. Lett., 29, doi:10.1029/
2001GL013554.

Beck, C., Grieser, J. and Rudolf, B. (2005): A new
monthly precipitation climatology for the global
land areas for the period 1951 to 2000. Climate
Status Report, 2004. German Meteorological Ser-
vice, 181-190.
http://www.dwd.de/de/FundE/Klima/KLIS/prod/
KSB/ksb04/28_precipitation.pdf [Cited 2007/10/
02].

Brunetti, M., Colacino, M., Maugeri, M. and Nanni,
T. (2001): Trends in the daily intensity of precipi-
tation in Italy from 1951 to 1996. Int. J. Climatol.,
21, 299-316.

Chen, M., Xie, P. and Janowiak, J.E. (2002): Global
land precipitation: A 50-yr monthly analysis based
on gauge observations. J. Hydrometeorol., 3, 249-
266.

Dai, A., Lamb, P.J., Trenberth, K.E., Hulme, M.,
Jones, P.D. and Xie, P.P. (2004): The recent Sahel
drought is real. Int. J. Climatol., 24, 1323-1331.

Easterling, D.R., Evans, J., Groisman, P., Karl, T.,
Kunkel, K. and Ambenje, P. (2000): Observed vari-
ability and trends in extreme climate events: A

— 833 —



brief review. Bull. Am. Meteorol. Soc., 81, 417-425.

Endo, N, Ailikun, B. and Yasunari, T.(2005): Trends
in precipitation amounts and the number of rainy
days and heavy rainfall events during summer in
China from 1961 to 2000. J. Meteorol. Soc. Jpn., 83,
621-631.

Endo, N., Kadota, T., Matsumoto, J., Ailikun, B. and
Yasunari, T. (2006): Climatology and trends in
summer precipitation characteristics in Mongolia
for the period 1960-1998. J. Meteorol. Soc. Jpn., 84,
621-631.

R SCAR (1998): HEIZ BT 2 Bk o 22 R 2 & #% 4
ZALOFEE—M R IOV TOME— KX, 45,
7-18.

Fujibe, F., Yamazaki, N., Katsuyama, M. and Ko-
bayashi, K. (2005): The increasing trend of intense
precipitation in Japan based on four-hourly data
for a hundred years. SOLA, 1, 41-44.

FRIBSCIE - A - R (2007): XINBEINC &
5 HBERET =5 D714 T 5 ML & BERE B
HNOFIH. HARGG 4 2007 4G K 23l 7
ik, 92, 344.

Griffiths, G.M., Salinger, M.J. and Leleu, I. (2003):
Trends in extreme daily rainfall across the South
Pacific and relationship to the South Pacific Con-
vergence Zone. Int. J. Climatol., 23, 847-869.

Groisman P.Y., Knight, R., Easterling, D., Karl, T.,
Hegerl, G. and Razuvaev, V. (2005): Trends in in-
tense precipitation in the climate record. J. Clim.,
18, 1326-1350.

Goswami, B.N., Venugopal, V., Sengupta, D., Madhu-
soodanan, M.S. and Xavier, P.K. (2006): Increasing
trend of extreme rain events over India in a warm-
ing environment. Science, 314, 1442-1445.

Haylock, M. and Nicholls, N. (2000): Trends in ex-
treme rainfall indices for an updated high quality
data set for Australia, 1910-1998. Int. J. Climatol.,
20, 1533-1541.

Haylock, M.R., Peterson, T.C., Alves, L.M., Ambrizzi,
T., Anunciacdo, Y.M.T., Baez, J., Barros, V.R., Berla-
to, M.A., Bidegain, M., Coronel, G., Corradi, V., Gar-
cia, V.J., Grimm, A. M., Karoly, D., Marengo, J.A.,
Marino, M.B., Moncunill, D.F., Nechet, D., Quin-
tana, J., Rebello, E., Rusticucci, M., Santos, J.L.,
Trebejo, I. and Vincent, L.A. (2006): Trends in to-
tal and extreme South American rainfall in 1960-
2000 and links with sea surface temperature. oJ.
Clim., 19, 1490-1512.

IPCC (2007): Climate Change 2007 : The Physical
Science Basis. Contribution of Working Group I to
the Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change. Cambridge Uni-
versity Press.

Iwashima, T. and Yamamoto, R. (1993): A statistical
analysis of the extreme events: Long-term trend of
heavy daily precipitation. J. Meteorol. Soc. Jpn., 71,
637-640.

Kanae, S., Oki, T. and Kashida, A. (2004): Changes
in hourly heavy precipitation at Tokyo from 1890 to
1999. J. Meteorol. Soc. Jpn., 82, 241-247.

Karl, T.R. and Knight, R.W. (1998): Secular trends of
precipitation amount, frequency, and intensity in
the United States. Bull. Am. Meteorol. Soc., 79,
231-242.

ST (2005): FEEAL L AR — b 2005, KR FLH
.

Klein Tank, A.M.G. and Konnen, G.P. (2003): Trends
in indices of daily temperature and precipitation
extremes in Europe, 1946-1999. J. Clim., 16, 3665—
3680.

Klein Tank, A.M.G., Peterson, T.C., Quadir, D.A., Dor-
ji, S., Zou, X., Tang, H., Santhosh, K., Joshi, U.R.,
Jaswal, A K., Kolli, R.K., Sikder, A.B., Deshpande,
N.R., Revadekar, J.V., Yeleuova, K., Vandasheva, S.,
Faleyeva, M., Gomboluudev, P., Budhathoki, K.P.,
Hussain, A., Afzaal, M., Chandrapala, L., Anvar, H.,
Amanmurad, D., Asanova, V.S., Jones, P.D., New,
M.G. and Spektorman, T. (2006): Changes in daily
temperature and precipitation extremes in central
and south Asia. J. Geophys. Res., 110, D16105,
doi:10.1029/2005JD006316.

Kripalani, R.H. and Kulkarni, A. (1997): Rainfall
variability over South-East Asia - connections with
Indian Monsoon and ENSO extremes: New per-
spectives. Int. J. Climatol., 17, 1155-1168.

Kripalani, R.H., Kulkarni, S., Sabade, S.S. and
Khandekar, M.L. (2003): Indian Monsoon Variabil-
ity in a Global Warming Scenario. Nat. Hazards,
29, 189-206.

Kunkel, K.E., Easterling, D.R., Redmond, K. and
Hubbard, K. (2003): Temporal variations of ex-
treme precipitation events in the United States:
1895-2000. Geophys. Res. Lett., 30, doi:10.1029/
2003GL018052.

Mabheras, P., Tolika, K., Anagnostopoulou, C., Vafiadis,
M., Patrikas, I. and Flocas, H. (2004): On the rela-
tionships between circulation types and changes in
rainfall variability in Greece. Int. J. Climatol., 24,
1695-1712.

Manton, M.dJ., Della-Marta, P.M., Haylock, M.R., Hen-
nessy, K.J., Nicholls, N., Chambers, L.E., Collins,
D.A,, Daw, G., Finet, A., Gunawan, D., Inape, K.,
Isobe, H., Kestin, T.S., Lefale, P., Leyu, C.H., Lwin,
T., Maitrepierre, L., Ouprasitwong, N., Page, C.M.,
Pahalad, J., Plummer, N., Salinger, M.J., Suppiah,
R., Tran, V.L., Trewin, B., Tibig, I. and Yee, D.(2001):
Trends in extreme daily rainfall and temperature
in Southeast Asia and the South Pacific: 1961-
1998. Int. J. Climatol., 21, 269-284.

A - JF A (2005): SE G L ERIRBRAL.
B, 75, 1142-1145.

A 5 - IARZEE (2007): RIS BT 2 ik O Bk
BL oK. KX, 54, 612-616.

Mitchell, T.D. and Jones, P.D. (2005): An improved

— 834 —



method of constructing a database of monthly cli-
mate observations and associated high resolution
grids. Int. J. Climatol., 25, 693-712.

New, M., Hewitson, B., Stephenson, D.B., Tsiga, A.,
Kruger, A., Manhique, A., Gomez, B., Coelho, C.A.S.,
Masisi, D.N., Kululanga, E., Mbambalala, E., Adesi-
na, F., Saleh, H., Kanyanga, J., Adosi, J., Bulane, L.,
Fortunata, L., Mdoka, M.L. and Lajoie, R. (2006):
Evidence of trends in daily climate extremes over
southern and west Africa. J. Geophys. Res., 111,
D14102, doi:10.1029/2005JD006289.

Nicholson, S.E., Some, B. and Kone, B. (2000): An
analysis of recent rainfall conditions in West Africa,
including the rainy seasons of the 1997 El Nino
and the 1998 La Nina years. JJ. Clim., 13, 2628-
2640.

OKEE - PEICIER - BHME AR (2000): R o 0
IKAEFLERIZ 2D < RO KT O REFEZEALIZ B 5 F
78 AARKZR Y4 2000 EKT R AT PR, 78,
159.

Osborn, T.J., Hulme, M., Jones, P.D. and Basnett,
T.A. (2000): Observed trends in the daily intensity
of United Kingdom precipitation. Int. J. Climatol.,
20, 347-364.

Page, C.M., Nicholls, N., Plummer, N., Trewin, B.,
Manton, M., Alexander, L., Chambers, L.E., Choi,
Y.G., Collins, D.A., Gosai, A., Della-marta, P., Hay-
lock, M.R., Inape, K., Laurent, V., Maitrepierre, L.,
Makmur, E.E.P., Nakamigawa, H., Ouprasitwong,
N., McGree, S., Pahalad, J., Salinger, M.J., Tibig, L.,
Tran, T.D., Vediapan, K. and Zhai, P. (2004): Data
rescue in the Southeast Asia and South Pacific re-
gion. Challenges and opportunities. Bull. Am. Mete-
orol. Soc., 85, 1483-1489.

Peterson, T.C. and Vose, R.S. (1997): An overview of
the Global Historical Climatology Network temper-
ature database. Bull. Am. Meteorol. Soc., 78, 2837-
2848.

Peterson, T.C., Taylor, M.A., Demeritte, R., Duncombe,
D.L., Burton, S., Thompson, F., Porter, A., Mercedes,
M., Villegas, E., Fils, R.S., Klein Tank, A., Martis, A.,
Warner, R., Joyette, A., Mills, W., Alexander, L. and
Gleason, B. (2002): Recent changes in climate ex-
tremes in the Caribbean region. J. Geophys. Res.,
107, D214601, doi:10.1029/2002JD002251.

Rudolf, B., Hauschild, H., Rueth, W. and Schneider,
U. (1994): Terrestrial precipitation analysis: Op-
erational method and required density of point
measurements. in Global Precipitations and Cli-
mate Change edited by Bubois, M. and Désalmand,
F., NATO ASI Series I, 26, Springer Verlag, Berlin,
173-186.

Salinger, M.J. and Griffiths, G.M. (2001): Trends in
New Zealand daily temperature and rainfall ex-
tremes. Int. J. Climatol., 21, 1437-1452.

e - SAEIEY (2000): EHRENZ BT 2 B Ok
KAFEORAEZEAL . KA, 47, 643-648

Schmidli, J. and Frei, C. (2005): Trends of heavy pre-
cipitation and wet and dry spells in Switzerland
during the 20th century. Int. J. Climatol., 25, 753~
771.

Sen Roy, S. and Balling Jr., R.C. (2004): Trends in
extreme daily precipitation indices in India. Int. oJ.
Climatol., 24, 457-466.

Suppiah, R. and Hennessy, K.J. (1998): Trends in to-
tal rainfall, heavy rain events and number of dry
days in Australia, 1910-1990. Int. J. Climatol., 18,
1141-1164.

G H S (2003): HILE ZORMICBIT2EE (6
~9H) HEKEORHNIBREORELL KR
%, 50, 31-41.

Tarhule, A. and Woo, M.K. (1998): Changes in rain-
fall characteristics in northern Nigeria. Int. J. Cli-
matol., 18, 1261-1271.

Trenberth, K.E. (1999): Conceptual framework for
changes of extremes of the hydrological cycle with
climate change. Clim. Change, 42, 327-339.

Trenberth, K.E., Dai, A., Rasmussen, R.M. and Par-
sons, D.B. (2003): The changing character of pre-
cipitation. Bull. Am. Meteorol. Soc., 84, 1205-1217.

Wang, B. and Ding, Q. (2006): Changes in global
monsoon precipitation over the past 56 years. Geo-
phys. Res. Lett., 33, L06711, doi:10.1029/2005GL
025347.

INARZESE (2006): H3E8 H A 31T 2 B 20 i PR B
D REM H B & BB K = ORSEZ L. H AR 2
RREEH, 69, 125.

Zhai, P., Zhang, X., Wan, H. and Pan, X. (2005):
Trends in total precipitation and frequency of daily
precipitation extremes over China. J. Clim., 18,
1096-1108.

Zhang, X., Aguilar, E., Sensoy, S., Melkonyan, H.,
Tagiyeva, U., Ahmed, N., Kutaladze, N., Rahimza-
deh, F., Taghipour, A., Hantosh, T.H., Albert, P.,
Semawi, M., Ali, M.K., Al-Shabibi, M.H.S., Al-Oulan,
Z., Zatari, T., Khelet, I.A.D., Hamoud, S., Sagir, R.,
Demircan, M., Eken, M., Adiguzel, M., Alexander, L.,
Peterson, T.C. and Wallis, T. (2006) : Trends in Mid-
dle East climate extreme indices from 1950 to 2003.
J. Geophys. Res., 110, D22104, doi:10.1029/2005JD
006181.

(2007 4 10 H 15 H3AF, 2007 4F 11 A 22 H<3)

—835—



