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ABSTRACT

An analysis of composite, seasonal rainfall anomalies in Hawaii shows that deficient rainfall tends to occur
frequently in winter and spring of the year following an El Nifio. The reliability of the El Nifio composite has
been tested using a Monte Carlo simulation technique. Upper-air circulation patterns during the recent three
El Nifio events are discussed in relation to drought winters in Hawaii. The more eastward elongated subtropical
jet stream in the North Pacific and the thermally induced local Hadley circulation in the central North Pacific,
characteristics of El Nifio winters, are unfavorable for rainfall in Hawaii.

1. Introduction

Many tropical Pacific islands are experiencing a
rapid population increase that places an increasing
demand on water for drinking, food production, and
other needs. If the current trend continues, many
islands may be faced with a shortage of freshwater
in the near future. Further compounding this prob-
lem is the great variability of interannual rainfall in
this region. This uncertainty in rainfall from year to
year, together with the increasing demand for water,
requires a better understanding of the relation-
ship between rainfall and short-term climate vari-
ability.

Drought in Hawaii usually occurs after an El Nifio
event (Meisner 1976; Horel and Wallace 1981; Lyons
1982; Ropelewski and Halpert 1987; Chu 1989; Cayan
and Peterson 1989). Based on three stations in Hawaii,
Ropelewski and Halpert (1987) composited the
monthly rainfall index during an El Nifio cycle. Ro-
pelewski and Halpert (hereafter referred to as RH)
showed that October of the El Nifio year to May of the
year following an El Nifio tends to be dry. The current
paper further addresses the RH study by utilizing more
rainfall station data in Hawaii. A more comprehensive
spatial coverage of rain gauge network is needed to
account for the well-known marked rainfall variations
on the windward and leeward sides of the island
(Giambelluca et al. 1986). The reliability of the El
Nifio composite rainfall, which is not addressed by RH,
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will be assessed by Monte Carlo sampling techniques.
To shed light on the mechanisms of rainfall anomalies
in Hawaii, prominent circulation patterns in the central
North Pacific during the recent three El Nifio events
will be discussed.

2. Data and data processing

The location of long-term rainfall stations used in
this study is shown in Fig. 1 and listed in Table 1. As
in Meisner (1976 ) and Chu ( 1989), nine stations from
each of three islands (Kauai, Oahu, and Hawaii) are
selected. These 27 stations are representative of the
spatial variability of rainfall with regard to the direction
of the prevailing northeast trade winds and to varying
elevation levels. Because some of the stations discon-
tinued for a variety of reasons, more recent records
from adjacent stations in the same climatic regime are
used (Table 1). For example, on Kauai, rainfall records
from Iliilula Intake are replaced by North Wailua Ditch
since 1987. As a result, a majority of stations have
records updated to 1992. A normalization technique
is applied to each individual station, and a regional
index is then calculated as the arithmetic average of
all station indices from three islands. The base period
is 1905-1992,

Upper-air data of wind velocity and geopotential
height on 5° latitude-longitude grids at 850 and 200
hPa are obtained from the European Centre for Me-
dium-Range Weather Forecasts. The outgoing long-
wave radiation (OLR ) records over the tropical belts
(22.5°N to 22.5°S) from NOAA’s scanning or Ad-
vanced Very High Resolution Radiometer mounted
on polar-orbiting satellites are available at 2.5° lat-
itude-longitude resolution.



1698 JOURNAL OF CLIMATE VOLUME 8
J T T T T T T
%25. B 20°| P O Kauai i
N[ KAUAI "L Qe .
=
21°| 4
i o
B I a _
200 B . N
, Hawaii
L. © 100 mi -
22°|- 1oL © 100 km i
1 | 1 1 L 1
161°W  160°  159°  158°  157°  156°  155°
0 10mi
0 10km ' !
| ] 63
159°45'W 159°30' 159°15' Hawai‘i
21°
20°
45 T T
N ' N

21°
30

19°

| 1
158°00" 157°45'

158°15'W

156°W 155°

FIG. 1. Map of the major Hawaiian Islands and the locations of rainfall stations used in this study.
Station numbers are the same as listed in Table 1. An open circle indicates a new station.

3. Rainfall fluctuations
a. Composite rainfall

Figure 2 shows a time series of composite seasonal
rainfall anomalies for Hawaii during the 20 El Nifio
events. The year in which El Nifio has occurred is de-
noted as (0); the year immediately following (0) is
(+1). The 20 (0) and (+1) pairs comprise 1905-1906,
1911-1912, 1914-1915, 1918-1919, 1923-1924,
1925-1926, 1930-1931, 1932-1933, 1939-1940,
1941-1942, 1951-1952, 1953-1954, 1957-1958,
1965-1966, 1969-1970, 1972-1973, 1976-1977,
1982-1983, 1986-1987, and 1991-1992 (cf. RH).
Winter is defined from December of the preceding year
to February of the following year. For example, winter
of 1987 runs from December 1986 through February
1987.

In Fig. 2, rainfall anomalies tend to be small positive
from spring to fall (0). Deficient rainfall persists from
winter to fall of the following year (+1), with a large
negative anomaly occurring in winter and spring. This
result suggests that El Nifio-related drought in Hawaii
is persistent, lasting for about six months. Particularly
noteworthy is the high frequency of low rainfall oc-
currence in winter (+1). In this limited sample, the
chance is 90% that below average rainfall would occur
in the winter of (+1). Because the bulk of annual rain-
fall in Hawaii comes in winter and spring, the large
deficit of rainfall and high probability of low rainfall
in these two seasons are a robust indicator of the overall
shortage in the water supply for the year immediately
following an El Nifio event. After spring (+1), there
is an almost equal chance for rainfall anomalies to be
either positive or negative.






