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Introduction
The Islands of Hawai`i are located in the trade-wind zone of the 
North Pacific. Most parts of the islands have a wet season 
during the month October-April and a dry season during the 
months May-September. Heavy rainfall events are mostly 
observed when extratropical cyclones or their fronts hit the 
islands, or when quasi-stationary low pressure systems are 
located north-west of the islands (“Kona Lows”) [1]. These 
synoptic weather pattern disrupt the trade-wind inversion and 
destabilize the atmospheric stratification [2]. 
Hawai`i is located north of  the major pathway of tropical 
cyclones in the central Pacific, and although it has been hit by 
hurricanes in the past, we concentrate here on the changes in the 
number of heavy rain events during the winter season.    

Rainfall data:

12 stations are used with daily 
rainfall amounts between 1957-
2008. These stations have the 
highest ratio of observed to 
missing reports during the entire 
time period (80-99% complete). 
Heavy rainfall events are 
identified based on the 90% and 
95% quantiles (p90, p95) in the 
estimated cumulative frequency 
distribution of daily precipitation 
amounts (excluding dry days). 

Large-scale climate information (predictors):
(a) Standard climate indices to represent the large-scale climate 
variability: Southern Oscillation Index (SOI), Pacific North 
American Index: (PNAI) 
(b) NCEP reanalysis (10°S-40°N/180°W-120°W) data as predictor 
variables: temperature gradient 1000hPa – 500hPa, geopotential 
heights  500 hPa, wind, moisture and moisture transport at 700 hPa, 
wind at 1000 hPh.

Climate Models:
We selected 6 of the IPCC AR4 climate models [3]. The 20th century 
'20c3m'  and the medium emission scenario SRESA1B simulations  
are used.
CCCMA CGCM3 GFDL CM2 GFDL CM2 1 

MPI ECHAM5 MRI CGCM2 3 2a UKMO HADCM3

Daily rainfall during wet season at southern 
tip of Big Island

p95

Statistical Downscaling using large-
scale climate indices
Regression of  the Southern Oscillation index (SOI) and 
the Pacific North American Index (PNAI) on the num-
ber of observed heavy rain events in a wet season of 
year t.

ne(t) = a0 +a1*SOI(t)+a2*PNAI(t)

The regression parameters were estimated and 
crossvalidated with resampling methods. Significant 
Spearman correlations were found for 9 of the 12 
stations (explained variance 18-44%). 

Large scale atmospheric circulation pattern 
anomalies associated with one standard 
deviation in (a) SOI and the 1000hPa 
geopotential height, (b) PNAI and the 500 
hPa geopotential height. (c) Time series of  
SOI (red) and PNAI (blue) (Oct-Apr mean) 
and the corresponding 10-yr low-pass fil-
tered time series (thick lines).  

Table with regression statistics for SOI, PNAI
(** indicate 5% significance for Spearman correlation)

Regression with SOI and PNA climate indices Mid-1970s Pacific climate shift

Summary of our analysis 
 Decrease in the number of heavy rain events after the mid 

1970s climate shift (12 station average -27%)

 Decrease can be explained by the covariant shifts towards 
more negative SOI and more positive PNAI.

 IPCC AR4 SRESA1B scenarios (6-member ensemble) show 
no significant changes in SOI and PNAI.

 Frequency of heavy-rain-producing weather anomalies 
decreased during the last 30 years.

  Frequency counts of the synoptic weather pattern from 
CCCMA and ECHAM5 SRESA1B project a weak negative 
trend in the number of heavy-rain events during the wet season

Six member ensemble showing for every 
winter season between 1961-1990 (green), 
2046-2065 (red) and 2081-2100 (purple) the 
state of the Pacific climate measured by SOI 
and PNAI. Below: model CCCMA  (b)  and  
MPI_ECHAM5 (c). The MLR estimated 
number of heavy rain events is shown by the 
color shading and the dotted lines.

(a) Observed number of wet-season heavy 
rain events above the 90% quantile: 
Average number for 1958-1976 (left) and 
1977-2008 (right). (b) Downscaled changes 
in the number of events relative to the 
1958-1976 calibration period for 2046-2065 
(left circles) and 2081-2100 (right circles). 
Note only model ECHAM5 and CCCMA 
were used.(c) same as in (b) but for the 
calibration and reference period 1977-2008.

Threshold-based composite and 
discrimination analysis:

Future changes in  SOI and PNA 

Hawai`i
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(a) Example time series of daily rainfall 
amounts and the 95% quantile threshold 
for heavy rain events. In (b) the frequency 
of heavy rain events per wet season 
(gray bars). In black is shown the correction 
for missing observations. 

Research Objectives

 How does the tropical/extratropical Pacific climate 
variability control heavy rain events?

 What are  the 'canonical' synoptic weather pattern that 
produce heavy rain events?

 Has the frequency of heavy rain events changed in the 
recent decades?

 What changes in the frequency of heavy rain events are 
projected for the 21st century given the current IPCC 
climate change scenarios?

As can be seen in (a), most stations show  a 
decreasing number of heavy rainfall events 
from 1958-76 (left circles) to 1977-2005 (right 
circles). The regression model with SOI and 
PNAI can reproduce these changes (b). The 
phase-space diagram below illustrates how 
the concurrent changes in SOI and PNAI 
translate into heavy rain event changes 
(dotted lines) during the 1958-76 (black 
symbols) and 1977-2005 period (red 
symbols).

Future changes in the frequency of
heavy-rain-producing weather pattern 

Calibration/Validation skill Estimated number of heavy rain events 
for the 21st century

(a) 

(c) (b) 

Composite mean  for heavy rain events at (a) Lihue, (b) Hilo: 700 hPa wind [m/s] 
and specific humidity [kg/kg]. Probability density distribution of the spatial 
correlation between the specific humidity anomaly pattern and all wet 
season days anomalies for (c) Lihue and (d) Hilo: green NCEP 1958-1976,
blue NCEP 1977-2008; models 20th century in black, red 2046-2065, purple 2081-2100.

(a) (b)

(c) (d)

(a)

(c)(b)

Calibration (left point) and validation 
(right point) R2  values for each 
multiple regression model de-
veloped for the 12 rain gauge 
stations: (a)  R2  results for  the 
calibration (validation) period 1958-
1976 (1977-2008), (b) R2 results for  
the calibration (validation) period 
1977-2008 (1958-1976).
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