
 
 

FINAL REPORT 
 
 
 

 

Monthly Rainfall Maps for the Islands of Kauai, Oahu, 
Molokai, Lanai, Maui, and Hawaii, 2008–2010 

 
 

May 2015 
 
 
 
 

Thomas Giambelluca 
Abby Frazier 

 
 

WRRC-2015-03 
 
 
 
 
 
 

Project Number: 2013HI437S 
 

Water Resources Research Center 
University of Hawaii at Manoa 

Honolulu, Hawaii 



 

	   2 

Problem and Research Objectives 
 
The Hawaiian Islands have one of the most diverse rainfall patterns on earth. The mountainous 
terrain, the persistent trade winds, the heating and cooling of the land, and the regular presence 
of a stable atmospheric layer at an elevation of around 7,000 ft interact to produce areas of uplift 
in distinct spatial patterns anchored to the topography. The resulting clouds and rainfall produced 
by this uplift lead to dramatic differences in mean rainfall over short distances. Knowledge of the 
rainfall patterns is critically important for a variety of resource management issues, including 
groundwater and surface-water development and protection, controlling and eradicating invasive 
species, protecting and restoring native ecosystems, and planning for the effects of global 
warming. 

The Rainfall Atlas of Hawaii is a set of maps containing spatial patterns of rainfall for the 
major Hawaiian Islands (Giambelluca et al. 2013). The maps represent the best estimates of the 
rainfall for a 30-yr period (1978 to 2007). Using the data set developed for the Rainfall Atlas, a 
set of monthly maps was generated from 1920 to 2007 to allow analyses of year-to-year 
variations (Frazier 2012). In recent years, it has become apparent that monthly maps from 2008 
to 2010 are needed for numerous water-resource investigations being undertaken by federal, 
state, and county agencies in Hawaii. The updated maps are needed to extend the available 
rainfall record through 2010 to enable analyses of current hydrological conditions in Hawaii. 

Monthly rainfall maps are foundational products used to develop water budgets and 
estimates of groundwater recharge. Understanding changes in the spatial distribution of rainfall 
is critical for the protection and management of water resources in Hawaii. Due to Hawaii’s 
small land masses and isolation, water-resource options are limited, making assessment of water 
availability even more critical to federal, state, and local decision-makers.  

The objective of this project was to develop monthly rainfall maps for 2008 through 2010 
for the islands of Kauai, Oahu, Molokai, Lanai, Maui, and Hawaii using an approach that was 
previously used for the Rainfall Atlas of Hawaii. 
	  
 
Methods 
 
Data Collection	  

Monthly rainfall data were collected up to 2007 for the Rainfall Atlas of Hawaii project. 
The database included stations from seven different networks (Table 1). To update the monthly 
rainfall database for the 2008 through 2010 maps, new data from all sources had to be collected. 
In addition to collecting data from the seven original sources used in the Rainfall Atlas, data 
from two additional sources were added to the database (Table 2). The data collection was 
completed by August 2013. Data were collected from 2007 to 2013 for as many stations as 
possible, with the 2007 data used as a consistency check to combine the updated data with the 
old data set. Most of the station data were available online; however, some data were only 
available on hand written paper data sheets and had to be entered by hand. The manual data entry 
was performed twice (by two different people) to prevent errors during this process. All data 
were converted into standard units and formatted consistently. Station coordinates were 
compared with previous records, and updated when necessary. Any new stations (not present in 
the master record) were assigned state key numbers (SKNs) that were approved by the State 
Climatologist. 
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Table 1. 1837 to 2007 data sources for the Rainfall Atlas of Hawaii. 

Source	   Data Entry	   Contact	  

State	   Hand entry	   State Climate Office 
2525 Correa Rd., HIG 318 
Honolulu, HI 96822 
(808) 956-2573	  

NCDC	   Download online	   National Climatic Data Center 
www.ncdc.noaa.gov	  

USGS	   Download PDF, enter 
manually to 
spreadsheet	  

United States Geological Survey 
http://wdr.water.usgs.gov/allsearch.php	  

RAWS	   Download online	   Remote Automated Weather Stations 
Operated by: National Interagency Fire Center 
Data hosted by: Western Regional Climate Center 
http://www.raws.dri.edu/	  

SCAN	   Download online	   Soil Climate Analysis Network 
Operated by: US Dept. of Agriculture Natural Resources 
Conservation Service 
http://www.wcc.nrcs.usda.gov/webmap	  

Hydronet	   Download online	   Contact: Kevin Kodama (National Weather Service) 
http://www.prh.noaa.gov/hnl/hydro/hydronet/hydronet-
data.php	  

HaleNet	   Personal 
Communication	  

Haleakala Climate Network 
Contact: Mike Nullet, University of Hawaii at Manoa, 
Department of Geography	  

 
 
Table 2. New data sources collected from 2007 to 2013 (not included in Rainfall Atlas of 
Hawaii). 

Source	   Data Entry	   Contact	  

Hawaiian 
Commercial and 
Sugar Company	  

Personal 
Communication	  

Hawaiian Commercial and Sugar Company 
Contact: Mae Nakahata, Director Agricultural Research 
and Crop Control	  

Ponoholo Kahua 
Ranch	  

Personal 
Communication	  

Kahua Ranch Headquarters	  

	  
	  
Data Quality Control and Gap Filling 

Multiple quality control methods were used to scrutinize the data set (see Giambelluca et 
al. 2013 for method details). To combine the new data with the old data set, the monthly entries 
in 2007 were compared. Stations were flagged and investigated whenever the 2007 data did not  
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Figure 1. An example of a semi-variogram with a spherical model used in the ordinary kriging process 
(ArcGIS™ 10.1). 
 
 
match in the two data sets. To catch errors during the data entry process, any inconsistencies 
between the two hand-entered data sets were manually verified using the paper records. 
Homogeneity testing was performed on the full database (including 2012 data) to look for break 
points due to the addition of the new data. Any missing data were filled using the Normal Ratio 
method (Paulhus and Kohler 1952) detailed in Giambelluca et al. (2013), and where possible, 
any long-term stations that had been discontinued were filled to 2012 to maintain the spatial 
coverage of stations.  

 
Monthly Maps 

The monthly maps were generated using the methods established by Frazier 2012. 
Ordinary kriging, a geostatistical interpolation technique, was used to interpolate rainfall 
anomalies (deviation from the mean). Relative anomalies (rainfall divided by the mean) were 
used instead of difference anomalies (rainfall minus the mean). Using the filled data from 2008 
to 2012, the monthly station anomalies were calculated relative to the 1978 to 2007 Rainfall 
Atlas mean. For the island of Kauai, we had to redo the monthly and annual rainfall maps from 
1992 to 2012 due to an error found in one station. The anomalies were interpolated for each 
island in ArcGIS™ 10.1 (ESRI, Redlands, CA, USA), and the semi-variograms were 
individually modeled for each month-year (Figure 1). The geostatistical layers were converted to  
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Figure 2. December 2008 to 2012 rainfall maps (top row) and corresponding relative anomaly (estimated 
value divided by climatology) maps (bottom row) for Hawaii Island.  
 
 
rasters, and then multiplied by the mean maps to produce the final rainfall maps (a method 
known as CAI: Climatologically Aided Interpolation, Willmott and Robeson 1995).  
 
 
Principal Findings and Significance 
 

The monthly rainfall station data was collected from 9 networks from 2007 through 2012. 
The full monthly database (1837 through 2013) contains 2,224 rain gauge stations, with an 
average record length of 24 years. These updated data sets (both filled and original observed 
data) are available for download at the Rainfall Atlas of Hawaii website: 
http://rainfall.geography.hawaii.edu/downloads.html. Monthly rainfall maps from 2008 to 2012 
extended the data set of monthly and annual maps to 1920 through 2012. A total of more than 
1,100 maps were produced for this project, including anomaly maps (departures from the 1978 to 
2007 mean). An example of the Island of Hawaii’s December rainfall and anomaly maps for 
2008 to 2012 is shown in Figure 2. All maps have a spatial resolution of 250 m, and are available 
for download at the Rainfall Atlas of Hawaii website as raster GIS files in inches and 
millimeters. New maps generated with data from 2008 to 2012 provide information on the spatial 
rainfall patterns during recent years, which have included some of the driest conditions on 
record. These maps will be an invaluable resource for updating water budgets and ground water 
recharge estimates. They will also serve as important inputs for other hydrological and ecological 
models. 
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