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FLOOD INSURANCE STUDY 

CITY AND COUNTY OF HONOLULU, HAWAII 
 

1.0 INTRODUCTION 

1.1 Purpose of Study 

This Flood Insurance Study (FIS) revises and updates information on the 
existence and severity of flood hazards in the geographic area of the City and 
County of Honolulu, Hawaii.  

This FIS aids in the administration of the National Flood Insurance Act of 1968 
and the Flood Disaster Protection Act of 1973. This study has developed flood 
risk data for various areas of the county that will be used to establish actuarial 
flood insurance rates. This information will also be used by Honolulu to update 
existing floodplain regulations as part of the Regular Phase of the National Flood 
Insurance Program (NFIP), and will also be used by local and regional planners to 
further promote sound land use and floodplain development. Minimum floodplain 
management requirements for participation in the NFIP are set forth in the Code 
of Federal Regulations at 44 CFR, 60.3. 

In some States or communities, floodplain management criteria or regulations 
may exist that are more restrictive or comprehensive than the minimum Federal 
requirements. In such cases, the more restrictive criteria take precedence and the 
State (or other jurisdictional agency) will be able to explain them. 

1.2 Authority and Acknowledgments 

The sources of authority for this FIS are the National Flood Insurance Act of 1968 
and the Flood Disaster Protection Act of 1973. 

The hydrologic and hydraulic analyses for the original FIS were performed by the 
R. M. Towill Corporation, under subcontract to the Pacific Ocean Division, U.S. 
Army Corps of Engineers (USACE), for the Federal Emergency Management 
Agency (FEMA), under Interagency Agreement No. IAA-H-10-77, Project Order 
No. 19. That work was completed in August 1976 for riverine flooding and 
October 1979 for tsunami flooding. 

The hydrologic and hydraulic analyses for the McCully Area and the Moiliili 
Area were performed by M&E Pacific, Inc., under subcontract to the USACE, for 
FEMA, under Inter-Agency Agreement No. (DACW) 84-77-C-0069, Work Order 
No. 2, Part 2. Those analyses were completed in February 1979. 

The hydrologic and hydraulic analyses for Moanalua and Kahauiki Streams were 
prepared at the request of the U.S. Army Support Command, Hawaii, Directorates 
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of Facilities Engineering and of Housing, through the USACE. That work was 
completed in 1982. 

The hydrologic and hydraulic analyses for additional streams were performed by 
the R. M. Towill Corporation, for FEMA, under Contract No. EMW-83-C1186. 
Streams that were included in that portion of this study, whose work was 
completed in April 1985, are as follows: 

Ahuimanu Stream  Makaleha Stream  
Aiea Stream 
Haiamoa Stream 
Honouliuli Stream 

Malaekahana Stream 
(revised November 
5, 2014)  

Kaalaea Stream Nuuanu Stream  
Kahaluu Stream  Unnamed Stream  
Kalauao Stream  Waihee Stream  
Kalihi Stream Waikele Stream  
Kawainui Stream Waolani Stream 

 
The hydrologic and hydraulic analyses for other additional streams in this study 
were performed by the R. M. Towill Corporation for FEMA, under Contract No. 
EMW-86-C-2228. That work was completed in March 1989 for riverine flooding 
in the areas of the following streams: 

Kaelepulu Stream Tributary Ulehawa Stream 
Kaloi Gulch  Waikakalaua Stream 
Nanakuli Stream 
North Halawa Stream 

Wailele Stream Right and Left 
Overbanks 

 
The hydrologic and hydraulic analyses for Kamanaiki Stream and the portions of 
Kalihi Stream above North School Street were performed by the R. M. Towill 
Corporation for FEMA, under Contract No. EMW-88-C-2606. That work was 
completed in May 1989. 

The hydrologic and hydraulic analyses in the September 30, 1995, restudy for 
Kapakahi Stream #2, Makaha Stream, West Makaha Stream, and Wailani 
Drainage Canal were performed by R. M. Towill. The work was compiled in July 
1993.  Additional description of this revision to the original FIS is included in 
Section 10. 

The November 20, 2000, revision converted the FIRM for the City and County of 
Honolulu, Hawaii, to countywide digital format. It also incorporated hydrologic 
and hydraulic analyses for Waiawa Stream, overflow area of Waiawa Stream, 
Panakauahi Gulch, Moanalua Stream, and Manaiki Stream were performed by the 
R. M. Towill Corporation for FEMA under Contract No. EMW-93-C-4221. That 
work was completed in May 1997. The information prepared by R. M. Towill 
Corporation was modified by Michael Baker Jr., Inc., to conform to current 
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Other Areas 

Nuuanu and Waolani Streams 

Nuuanu Stream and Waolani Stream discharges were based on a statistical 
analysis of discharge records covering a 67-year period and a 24-year period, 
respectively. Nuuanu Stream discharges were based on measurements from USGS 
Gaging Station No. 16232000 on Nuuanu Stream below Reservoir 2 Wasteway. 
Waolani Stream discharges were based on measurements from USGS Gaging 
Station No. 16235400 on Waolani Stream. The analysis of stream discharges was 
performed using the standard log-Pearson Type III method as outlined by the 
Water Resources Council (Water Resources Council, 1977). An analysis using the 
logarithm of the ratio of discharge (Q) versus drainage area (DA), log (Q/DA), 
and logarithm of the drainage area, log (DA), for gaged watersheds in the general 
vicinity of the Nuuanu and Waolani Streams was done to determine a transfer 
equation. The transfer equation is needed to calculate the discharge at locations 
along the streams other than at the gaged location. 

Aiea and Kalauao Streams 

Aiea Stream discharges were based on a statistical report (WRI 80-45) done by 
the USGS which developed regression equations for the 10-, 2-, and 1-percent 
annual chance flooding events using data from 74 gaging stations (U.S. 
Department of the Interior, 1979). The 0.2-percent annual chance discharge was 
determined from the plot of the 10-, 2-, and 1-percent annual chance flooding 
events on a log-probability graph. The USGS regression equation also provided a 
means of calculating the flows at different locations within the Aiea Stream 
watershed. Kalauao Stream discharges were based on statistical analysis of 
discharge records covering a 25-year period and measurements from USGS 
Gaging Station No. 16224500 on Kalauao Stream at Moanalua Road, at Aiea. For 
Kalauao Stream, the analysis of stream discharges was performed using the 
standard log-Pearson Type III method as outlined by the Water Resources 
Council (Water Resources Council, 1977). 

Waikele Stream 

Waikele Stream discharges were based on a statistical analysis of discharge 
records covering a 31-year period and measurements from USGS Gaging Station 
No. 16213000 on Waikele Stream at Waiahu. For Waikele Stream, the analysis of 
stream discharges was performed using the standard log-Pearson Type III method 
as outlined by the Water Resources Council (Water Resources Council, 1977). 

Honouliuli Stream 

Honouliuli Stream discharges were based on a statistical analysis of discharge 
records covering a 23-year period and measurements from USGS Gaging Station 
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No. 16212500 on Honouliuli Stream near Waipahu. The analysis of stream 
discharges was performed using the standard log-Pearson Type III method as 
outlined by the Water Resources Council (Water Resources Council, 1977). 

Makaleha and Unnamed Streams 

Makaleha Stream discharges were based on statistical analysis of discharge 
records covering a 24-year period and measurements from USGS Gaging Station 
No. 16310501 on Malaekahana Stream at altitude 30 feet, near Kahuku. The 
analysis of stream discharges was performed using the standard log-Pearson Type 
III method as outlined by the Water Resources Council (Water Resources 
Council, 1977). For the Unnamed Stream, discharges were based on a statistical 
study (WRI 80-45) done by the USGS (U.S. Department of the Interior, 1979). 

Malaekahana Stream and Kea’aulu Gulch 

The hydrologic estimates for Malaekahana Stream (restudied for the November 5, 
2014 study) and Kea’aulu Gulch are described in Section 10. 

James Campbell Industrial Park Drainage Canal 

JCIP Drainage Canal hydrology is described in Section 10. 

Halawa Stream 

Halawa Stream hydrology is described in Section 10. 

Waimalu Stream 

Waimalu Stream hydrology is described in Section 10. 

Kaalaea, Haiamoa, Waihee, Kahaluu, and Ahuimanu Streams 

For Kaalaea and Haiamoa Streams, the discharges were based on a statistical 
study (WRI 80-45) done by the USGS (U.S. Department of the Interior, 1979). 
For Waihee, Kahaluu and Ahuimanu Streams, discharges were based on a 
statistical analysis of discharge records covering periods of 44, 34, and 20 years, 
respectively. Waihee Stream discharges were based on measurements from USGS 
Gaging Station No. 16284000 on Waihee Stream near Heeia. Kahaluu Stream 
discharges were based on measurements from USGS Gaging Station No. 
16283000 on Kahaluu Stream. Ahuimanu Stream discharges were based on 
measurements from USGS Gaging Station No. 16283480 on Ahuimanu Stream 
near Kahaluu. For Waihee, Kahaluu, and Ahuimanu Streams, the analyses of 
stream discharges were performed using the standard log-Pearson Type III 
method as outlined by the Water Resources Council (Water Resources Council, 
1977). 
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Kawainui Stream and Oneawa Channel 

For Kawainui Stream, discharges were based on the SCS TR-55 method for 
determining 10-, 2-, and 1-percent annual chance discharges (U.S. Department of 
Agriculture, 1975). The 0.2-percent annual chance discharge was determined 
from the plot of the 10-, 2-, and 1-percent annual chance discharge on a log-
probability graph. The TR-55 method was used because the Kawainui watershed 
is essentially flat and is not typical of the watersheds used in the USGS WRI 80-
45 report (U. S. Department of the Interior, 1979). 

The hydrologic analysis for Oneawa Channel is described in Section 10. 

Kaloi Gulch, Waikakalaua Stream, and North Halawa Stream 

The Kaloi Gulch Tributary, located near Honouliuli, has a drainage area of 1.70 
square miles. The 1-percent annual chance discharge was determined from 
statistical analysis of 18 years of record at USGS Gaging Station No. 16212450. 

For Waikakalaua Stream, located at Wahiawa, the 1-percent annual chance 
discharge was determined from statistical analysis of 28 years of record taken 
from USGS Gaging Station No. 16212700. The drainage area on Waikakalaua 
Stream is 6.96 square miles. 

North Halawa Stream, located near Aiea, has a drainage area of 3.45 square miles. 
The 1-percent annual chance discharge was determined from statistical analysis of 
36 years of record at USGS Gaging Station No. 16226000. 

Calculation of 1-percent annual chance flood magnitudes from gaged data for  all 
three streams were made in accordance with procedures contained in Bulletin No. 
17B (Water Resources Council, 1981). A generalized skew coefficient of -0.05 
(for Hawaiian Islands) was used. 

Peak discharge-drainage area relationships for the following streams are shown in 
Table 3:  Summary of Discharges: 

Ahuimanu Stream  Mailiili Channel 
Aiea Stream Makaleha Stream 
Haiamoa Stream Malaekahana Stream  
Halawa Stream Nuuanu Stream  
Honouliuli Stream Oneawa Channel 
JCIP Drainage Canal Unnamed Stream  
Kaalaea Stream  Unnamed Tributary 
Kahaluu Stream  to Keaahala Stream 
Kalauao Stream Waialae-Nui Stream 
Kalihi Stream Waihee Stream  
Kaupuni Stream Waikele Stream  
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Kawainui Stream Wailele Stream  
Keaahala Stream Waimalu Stream 
Keaaulu Gulch Waimanalo: Stream A 
Maili Channel Waolani Stream 
  

For the following streams, which were studied in part or entirely by approximate 
methods, the 1-percent annual chance discharges were updated from previous 
studies on the appropriate study areas: 

Kaelepulu Stream Tributary Ulehawa Stream 
Kaloi Gulch Waikakalaua Stream 
Nanakuli Stream  
North Halawa Stream  
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Table 3:  Summary of Discharges 

Flooding Source and 
Location 

Drainage 
Area  

(sq. miles)

Peak Discharges (cubic feet per 
second) 

10-
Percent

4-
Percent

2-
Percent

1-
Percent 

0.2-
Percent

AHUIMANU STREAM        

Upstream of confluence of 
Kahaluu Stream 2.45 5,860

 
---1 12,000 15,300 25,000

At confluence with tributary 1.06 3,200 ---1
6,540 8,350 13,600

AHUIMANU STREAM 
TRIBUTARY 

 

Upstream of confluence of 
Main Branch 0.42 1,620

 
---1 3,320 4,240 6,900

Near Hui Nene Street 0.33 1,370 ---1 2,800 3,580 5,820

AIEA STREAM      

At Moanalua Road 1.38 1,140 ---1
2,130 2,660 4,030

Near Aiea Heights 1.05 910 ---1 1,710 2,140 3,100

HAHAKEA GULCH      

At mouth 4.0 1,800 ---1 3,600 4,600 7,500

HAIAMOA STREAM  

At Pacific Ocean 0.56 1,280 ---1
2,530 3,230 5,100

Upstream of Ahilama Road 0.22 640 ---1 1,270 1,640 2,550

HALAWA STREAM       

1,700 feet Upstream of Kam-
Highway 

9.62 4,057 5,693 7,128 8,738 13,209

HONOULIULI STREAM  

At Pacific Ocean 12.13 3,180 ---1
6,430 8,030 12,170

Downstream of Farrington 
Highway  

11.03 3,060 ---1 6,190 7,730 11,710

JCIP DRAINAGE CANAL  

500 feet Upstream of Olai St 2.83 826 1,490 2,175 3,049 5,938

KAALAEA STREAM  

At Pacific Ocean 1.56 2,690 ---1
5,230 6,610 10,500

Upstream of Pulama Road 0.97 1,890 ---1 3,700 4,700 7,500
1Not computed  



Table 3: Summary of Discharges (continued) 
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Flooding Source and 
Location 

Drainage 
Area  

(sq. miles)

Peak Discharges (cubic feet per 
second) 

10-
Percent

4-
Percent

2-
Percent

1-
Percent 

0.2-
Percent

KAELEPULU STREAM  

Downstream limit of study 0.176 ---1 ---1 ---1
1,404 ---1

Upstream limit of study 0.128 ---1 ---1 ---1 1,120 ---1

KAHALUU STREAM  

Upstream of confluence of 
Ahuimanu Stream 1.36 1,220

 
---1 2,630 3,530 6,550

At Melekula Road 1.01 980 ---1 2,110 2,830 5,220

KALAEOKAHIPA STREAM   

At Kamehameha Highway 1.15 410 ---1 1,380 4,500 ---1

KALAUAO STREAM  

At Pacific Ocean 2.65 1,860 ---1
2,990 3,540 4,960

Downstream of H-1 Freeway 2.53 1,780 ---1
2,870 3,400 4,760

KALIHI STREAM   

Downstream limit of study 5.18 ---1 ---1 ---1
16,880 ---1

Upstream limit of study 2.61 ---1 ---1 ---1
10,683 ---1

KALOI GULCH  

Downstream limit of study 5.805 ---1 ---1 ---1
2,425 ---1

Upstream limit of study 5.223 ---1 ---1 ---1
2,359 ---1

KAMANAIKI STREAM   

Downstream limit of study 0.85 ---1 ---1 ---1
4,944 ---1

Upstream limit of study 0.64 ---1 ---1 ---1
4,069 ---1

KAPAKAHI STREAM  

Downstream limit of study 0.329 ---1 ---1 ---1
12,7122 ---1

Upstream limit of study 0.109 ---1 ---1 ---1
11,9713 ---1

KAUPUNI STREAM  

Just Upstream of confluence 
with East Makaha Stream 

5.31 1,959 3,178 4,333 5,714 9,846

 At Plantation Road 8.75 2,435 4,040 5,587 7,453 13,137
1Not computed 
2Includes overflow from Waikele Stream and split flow from Wailani Drainage Canal 
3Includes overflow from Waikele Stream 



Table 3: Summary of Discharges (continued) 
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Flooding Source and 
Location 

Drainage 
Area  

(sq. miles)

Peak Discharges (cubic feet per 
second) 

10-
Percent

4-
Percent

2-
Percent

1-
Percent 

0.2-
Percent

KAWAINUI STREAM  

At confluence with Kaelepulu 
Stream 

0.96 1,150
 

---1 1,850 2,150 3,150

Upstream of Pali Highway 0.41 450 ---1 720 840 1,230

KEAAHALA STREAM  

Upstream of confluence with 
Unnamed Tributary to 
Keaahala Stream 

0.34 680 ---1 1,220 1,500 2,250

825 feet Downstream of Kahekili 
Highway 

 
0.50 1,292 1,694 2,030 2,367 3,195

At  mouth 1.18 2,003 2,680 3,197 3,714 4,937

KEAAULU GULCH  

At confluence with Malaekahana 
Stream 

 
1.39 968 1,653 2,327 3,156 5,811

MAKAHA STREAM AND 
WEST MAKAHA STREAM 

 

Downstream limit of study 7.034 ---1 ---1 ---1 11,561 ---1

Upstream limit of study 5.250 ---1 ---1 ---1
7,388 ---1

MAKALEHA 
STREAM 

 

At Pacific Ocean 6.44 2,120 ---1 4,240 5,410 8,880
Upstream of Farrington Highway 4.23 1,640 ---1 3,280 4,180 6,860

MAILI CHANNEL  

At Kulaaupuni Street 2.70 800 1,444 2,107 2,956 5,760

MAILIILI CHANNEL  

1,450 feet Upstream of Paakea 
Road 

 
15.82 3,182 5,410 7,597 10,265 18,544

MALAEKAHANA STREAM  

At Pacific Ocean 6.51 4,467 7,340 10,202 13,702 25,031
Upstream of agricultural area 4.55 3,326 5,641 7,277 9,531 16,289

MANAIKI STREAM  

Approximately 250 feet  

upstream of Mahole Street 2.01 ---1 ---1 ---1 4,900 6,080
1Not computed   
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Flooding Source and 
Location 

Drainage 
Area  

(sq. miles)

Peak Discharges (cubic feet per 
second) 

10-
Percent

4-
Percent

2-
Percent

1-
Percent 

0.2-
Percent

 
MOANALUA STREAM 

 

Approximately 250 feet 
downstream of Moanalua Road 7.87 

 
---1

 
---1 ---1 13,500 18,200

Approximately 180 feet 
upstream of Jarrett White Road 5.03 

 
---1 

 
---1 ---1 9,700 12,700

NANAKULI STREAM  
Downstream limit of study 4.106 ---1 ---1 ---1

7,554 ---1

Upstream limit of study 3.518 ---1 ---1 ---1 7,256 ---1

NORTH HALAWA STREAM  

Downstream limit of study 4.197 ---1 ---1 ---1
9,916 ---1

Upstream limit of study 3.956 ---1 ---1 ---1
9,794 ---1

NUUANU STREAM  

At H-1 Freeway 4.48 3,070 ---1
6,310 8,040 12,900

Downstream of Pali Highway 4.27 2,950 ---1 6,060 7,720 12,400

OHIA STREAM  

At Kamehameha Highway 2.41 985 ---1
1,870 8,900 ---1

Approximately 500 feet 
upstream of Kamehameha 
Highway 

 
 

2.41 

 
 

---1 

 
 

---1 ---1 4,8752 ---1

OHIA STREAM (EAST)   

At Kamehameha Highway 0.46 ---1 ---1 ---1
5,9253 ---1

Approximately 1,200 feet 
upstream of Kamehameha 
Highway 

 
 

0.46 345

 
 

---1 1,720 1,900 ---1

ONEAWA CHANNEL4  

At confluence with Kawainui 
Marsh 

 
10.62 

 
4,910 5,623 6,782 8,127 7,432

 

1Not computed 2Excludes overflow into Ohia Stream (East) 
3Includes overflow from Ohia Stream 
4Represents max flow through unsteady flow modeled reach 
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Flooding Source and 
Location 

Drainage 
Area  

(sq. miles)

Peak Discharges (cubic feet per 
second) 

10-
Percent

4-
Percent

2-
Percent

1-
Percent 

0.2-
Percent

   

PANAIKAUAHI GULCH  

At confluence with Waiawa 
Stream 8.39 

  
 ---1

 
---1 ---1 14,200 18,300

Approximately 800 feet 
upstream of Cane Haul Road 

 
7.88 

 
---1 

 
---1 ---1 13,500 17,400

 
ULEHAWA STREAM 

  

Downstream limit of study 3.521 ---1 ---1 ---1
3,785 ---1

Upstream limit of study 1.941 ---1 ---1 ---1
2,436 ---1

UNNAMED STREAM  

At Pacific Ocean 3.32 1,340 ---1 3,160 4,300 7,750

Upstream of Farrington Highway 1.97 940 ---1 2,200 2,920 5,250

UNNAMED TRIBUTARY TO 
KEAAHALA STREAM 

 

At confluence with Keaahala 
Stream 

 
0.20 450

 
---1 810 1,000 1,530

WAIALAE-NUI STREAM  

At confluence with Kapakahi 1.67 1,741 2,429 2,982 3,542 5,088

WAIAWA STREAM  
At mouth 27.34 ---1 ---1 ---1 34,000 43,800

Approximately 4,380 feet 
upstream of confluence of 
Panakauahi Gulch 

 
16.08 ---1

 
 

---1 ---1 23,000 29,650

WAIHEE STREAM  

At Kahaluu Lagoon 2.31 2,380 ---1
4,740 6,070 10,030

Upstream of agricultural area 
near end of Waihee Road 0.88 1,180

 
---1 2,350 2,990 4,980

WAIHEE STREAM 
TRIBUTARY 

 

Upstream of confluence of Main 
Branch 0.24 470

 
---1 930 1,180 1,970

At Ahilama Road 0.19 390 ---1 790 1,000 1,670
1Not computed  
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Flooding Source and 
Location 

Drainage 
Area  

(sq. miles)

Peak Discharges (cubic feet per 
second) 

10-
Percent

4-
Percent

2-
Percent

1-
Percent 

0.2-
Percent

  

WAIKAKALAUA STREAM  

Downstream limit of study 4.580 ---1 ---1 ---1
5,591 ---1

Upstream limit of study 4.184 ---1 ---1 ---1
5,486 ---1

WAIKELE STREAM  

At Pacific Ocean 45.79 10,620 ---1
21,000 26,400 41,400

Downstream of H-1 Freeway 44.91 10,450 ---1 20,700 26,000 40,800

WAILANI DRAINAGE CANAL  

Downstream limit of study 1.57 ---1 ---1 ---1
2,681 ---1

Upstream limit of study 1.14 ---1 ---1 ---1 2,220 ---1

WAILELE STREAM 
(LEFT/RIGHT OVERBANK) 

 

Downstream limit of study 1.323 ---1 ---1 ---1
2,601 ---1

Upstream limit of study 1.090 ---1 ---1 ---1
2,257 ---1

WAILELE STREAM  

0.8 miles upstream of Cane Haul 
Road 

 
1.21 1,753 2,476 3,084 3,736 5,479

WAIMALU STREAM  

1,200 feet downstream of 
Moanalua Road 

 
6.11 3,958 5,755 7,300 9,018 13,637

At confluence with East Loch 8.29 4,398 6,525 8,382 10,466 16,162

WAIMANALO: STREAM A  

Just upstream of confluence with 
Waimanalo Stream B 

 
0.38 736 1,053 1,323 1,620 2,431

At confluence with Waimanalo 
Stream 

 
1.34 

 
1,887 2,663 3,314 4,011 5,871

WAOLANI STREAM  

At confluence with Nuuanu 
Stream 1.81 2,180

 
---1 3,650 4,400 6,450

Near St. Francis Hospital 1.34 1,680 ---1
2,810 3,400 4,980

1Not computed   
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For all other streams on the Island of Oahu which were studied by approximate 
methods, the 1-percent annual chance discharges were computed using the 
following methods: 

If a stream gaging station with an adequate length of record was situated on the 
stream to be studied, the 1-percent annual chance peak discharge was computed 
using a log-Pearson Type III distribution (Water Resources Council, 1977). For 
streams without gaging stations, the 1-percent annual chance peak discharge was 
computed using a previous regional study developed by the USACE (USACE, 
Oahu Streams). 

For the entire detailed studied shoreline of the Island of Oahu, all of which was 
studied by detailed methods, tsunami wave elevations were determined utilizing a 
length of record of 142 years (1837-1979). A hybrid finite element numerical 
model was developed to supplement historical data in determining the ten largest 
tsunami elevations from 1837 to 1979. The finite element model provides an 
accurate representative response of the island flood elevations to tsunami activity 
due to rapid bathymetric and/or wave height variations. The numerical model was 
adjusted and verified by comparing the numerical calculations with tide gage 
recordings of the 1960 and 1964 tsunamis. Tsunami wave elevations at a location 
200 feet inland on the Island of Oahu were developed using the USACE report 
prepared by the U.S. Army Waterways Experiment Station (USACE, 1977). 

Tsunami elevations, as the wave travels inland and the maximum inundation 
limits reached, were determined utilizing a study by Charles L. Bretschneider and 
Peter G. Wybro entitled Tsunami Inundation Prediction (C. L. Bretschneider, 
undated). Runup elevations and inundation limits are dependent upon initial 
tsunami elevations, ground elevations 200 feet inland, roughness factors 
(Manning's "n"), terrain slope, and Froude's Number (F=1 for non-bore; F=2 for 
bore formation). 

A detailed coastal hurricane storm surge and wave height analysis was performed 
by RMTC/URS a JV. The Advanced Circulation model for Coastal Ocean 
Hydrodynamics (ADCIRC) (Luettich, 1992), developed by the USACE was 
selected to develop the stillwater elevations or storm surge for the State of 
Hawaii. ADCIRC is a two-dimensional depth integrated, finite element, 
hydrodynamic model that solves the equations of motion for a moving fluid on a 
rotating earth. Water surface elevations are obtained from the solution of the 
depth-integrated continuity equation in the generalized wave continuity equation 
form. Velocities are obtained from the solution of the two-dimensional 
momentum equations. The model has the capability to simulate tidal circulation 
and storm surge propagation over large domains and is able to provide highly 
detailed resolution along the shoreline and other areas of interest. 

The ADCIRC grid was sourced from an existing grid developed by the USACE. 
The USACE grid was used for offshore areas, whereas new higher resolution 
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nearshore and topographic coverage was added around the islands of Kauai, 
Oahu, Molokai, Lanai, Maui, and Hawaii. The greater part of the bathymetric data 
set was comprised of 255 individual National Oceanic and Atmospheric 
Administration (NOAA) National Oceanographic Survey hydrographic surveys, 
collected from 1900 to 2005. The USACE Joint Airborne LiDAR Bathymetry 
Technical Center of Expertise provided bathymetric LiDAR collected in 1999 and 
2000. This dataset provided high-resolution coverage of the nearshore 
bathymetry, where available. The USACE, Honolulu District, provided a 2004 
hydrographic survey of Honolulu Harbor. A 2004 multibeam survey of Pearl 
Harbor conducted by the U.S. Navy was provided by the NOAA National 
Geophysical Data Center. All soundings were converted to the Local Tidal Datum 
using relationships developed from NOAA gages. Finally, all datasets were 
merged and overlapping data were removed. 

The topographic portion of the ADCIRC grid was populated with LiDAR data 
collected for the project along the southern coasts of the six islands in the study. 
The LiDAR data were collected in fall of 2006, post-processed to bare earth and 
quality controlled to meet FEMA mapping standards. To facilitate use with 
ADCIRC, elevations were converted to meters. LiDAR elevations were delivered 
in the Local Tidal Datum; therefore no vertical datum conversion was necessary. 

Wind and pressure fields were required for input. A model called the Planetary 
Boundary Layer model (PBL), developed by V.J. Cardone (Cardone, 1992) was 
used for this study. The PBL model uses the parameters from a hurricane or 
tropical storm to simulate the event and develop wind and pressure fields. The 
PBL model simulates hurricane-induced wind and pressure fields by applying the 
vertically integrated equations of motion. 

The storms applied in this study (Table 4, "Summary of Historical Storm Events 
Selected for Development of Storm Surge Elevations") were selected so as to 
represent the range of different storm magnitudes impacting the study area. Storm 
selection was limited to events passing within 200 statute miles of at least two 
islands in the study area. In total, 11 hurricane and tropical storm events were 
selected for storm surge modeling. Due to the low number of historical storms 
identified in the storm selection, the historical storm events were duplicated and 
shifted laterally by one radius to maximum winds in order to represent the 
potential range of tracks that future storms may take. In total, 100 storms were 
generated for developing stillwater elevations within the study area. 
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Table 4:  Summary of Historical Storm Events 

Selected for Development of Storm Surge Elevations 

Name of Storm 

HURDAT 
Identification 

Number Begin Date 

 

End Date 

Tropical Storm Hiki 10 August 12, 1950 August 21, 1950 
Tropical Storm Della 65 September 1, 1957 September 11, 1957 
Tropical Storm Nina 74 November 29, 1957 December 6, 1957 
Hurricane Dot 93 August 1, 1959 August 8, 1959 
Tropical Storm Maggie 222 August 20, 1970 August 26, 1970 
Tropical Storm Diana 250 August 11, 1972 August 19, 1972 
Hurricane Iwa 411 November 19, 1982 November 24, 1982 
Tropical Storm Gil 418 July 23, 1983 August 4, 1983 
Tropical Storm Dahlia 532 July 11, 1989 July 21, 1989 
Hurricane Iniki 598 September 5, 1992 September 13, 1992 
Tropical Storm Daniel 707 July 23, 2000 August 5, 2000 

 

The ADCIRC model was calibrated by simulating tidal cycles, and then validated 
by performing storm hindcasts. The tidal calibration is conducted by forcing tides 
at the open ocean boundaries of the model using known values (Le Provost, 
1998), and comparing the simulated water levels to observations over a specific 
time period or a tidal signal re-synthesized from known tidal constituents. Storm 
hindcasts are performed upon successful completion of tidal calibrations to 
evaluate the ability of the model to replicate historical storm events. A wind and 
pressure field representing a historical storm event is input into the model then 
resulting water elevations are compared to observed water levels and records. 
Model validation was performed against Hurricanes Dot and Iniki for this study. 
Simulated water levels for each event were compared to observed water levels at 
the NOAA tidal gauge in Nawiliwili Harbor which represented the best available 
data. Results from both events showed good agreement with observed storm 
hydrographs. 

The Emprical Simulation Technique (EST) model was used for the stage-
frequency analysis. The EST generates a large population of life-cycle databases 
that are processed to compute mean value frequencies. Input vectors describe the 
characteristics of each storm such as central pressure and maximum winds. Input 
vectors for EST analysis included: tidal phase, minimum distance from eye to 
station, central pressure deficit, maximum winds in hurricane, forward speed of 
eye of hurricane, and radius to maximum winds. The input response vector was 
the maximum surge elevation recorded at each station for each storm simulated 
with ADCIRC. The output is a stage-frequency curve for each station in the study 
area. The EST model performed a hundred simulations at each station, for a 
period of 500 years. The mean value was selected from the entire EST simulation 
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population at each station, and the return period elevation is the final resultant 
value. 

Stillwater elevations for the State of Hawaii, obtained using the ADCIRC and 
EST models, are summarized in Table 5, "Summary of Coastal Stillwater 
Elevations." Locations of the surge stations are shown in Figure 23, "Stillwater 
Station Location Maps 1-3." Please note that the station numbers for surge 
stations do not coincide with the transect numbers. 
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Table 5:  Summary of Coastal Stillwater Elevations† 

ISLAND OF OAHU 
Flooding Source and  Location Elevation (ft ltd) 

Station Longitude Latitude 10-Percent 2-Percent 1-Percent 0.2-Percent 
 (NAD83)     

Pacific Ocean      
399 -158.26326 21.58067 0.66 0.81 1.05 1.94 
400 -158.28172 21.57619 0.66 0.79 1.02 1.87 
401 -158.26468 21.55869 0.66 0.83 1.08 2.01 
402 -158.24607 21..54823 0.66 0.83 1.09 1.99 
403 -158.24004 21.53757 0.66 0.83 1.09 1.98 
404 -158.23497 21.52894 0.66 0.84 1.10 2.00 
405 -158.23459 21.51158 0.66 0.82 1.07 1.95 
406 -158.23518 21.49424 0.66 0.82 1.06 1.93 
407 -158.23014 21.47926 0.66 0.81 1.02 1.87 
408 -158.22432 21.47481 0.66 0.85 1.11 2.07 
409 -158.22083 21.46873 0.66 0.82 1.06 1.93 
410 -158.21633 21.45847 0.66 0.80 1.00 1.80 
411 -158.20936 21.45766 0.66 0.85 1.14 2.12 
412 -158.20324 21.45159 0.66 0.85 1.12 2.04 
413 -158.19284 21.44412 0.66 0.86 1.15 2.21 
414 -158.19290 21.44111 0.66 0.83 1.10 2.02 
415 -158.18697 21.43189 0.66 0.84 1.10 2.07 
416 -158.18304 21.42594 0.66 0.86 1.14 2.15 
417 -158.18129 21.41713 0.66 0.84 1.10 2.02 
418 -158.18024 21.40415 0.66 0.79 0.98 1.71 
419 -158.17521 21.39722 0.66 0.83 1.06 1.92 
420 -158.15475 21.38563 0.66 0.85 1.11 2.05 
421 -158.14810 21.38044 0.66 0.83 1.08 1.96 
422 -158.13974 21.37028 0.66 0.84 1.10 1.99 
423 -158.13625 21.36185 0.66 0.85 1.12 2.03 
424 -158.13270 21.34983 0.66 0.86 1.11 2.03 
425 -158.13035 21.34077 0.66 0.82 1.05 1.89 
426 -158.12613 21.32902 0.66 0.84 1.09 2.01 
427 -158.12396 21.32058 0.66 0.86 1.13 2.11 
428 -158.11751 21.30564 0.66 0.84 1.09 1.98 
429 -158.11113 21.29643 0.66 0.83 1.05 1.93 

 
†These elevations reflect the stillwater elevations associated with the hurricane hazard only.  Tsunami 
hazards may dominate in certain areas.  
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Table 5: Summary of Coastal Stillwater Elevations† (continued) 

ISLAND OF OAHU 
Flooding Source and  Location Elevation (ft ltd) 

Station Longitude Latitude 10-Percent 2-Percent 1-Percent 0.2-Percent 
 (NAD83)     

Pacific Ocean      
430 -158.09522 21.29253 0.66 0.83 1.09 2.04 
431 -158.07882 21.29529 0.66 0.90 1.22 2.38 
432 -158.06173 21.29864 0.66 0.91 1.25 2.44 
433 -158.04741 21.29932 0.66 0.89 1.21 2.38 
434 -158.02976 21.30223 0.66 0.90 1.21 2.42 
435 -158.01410 21.30689 0.66 0.91 1.24 2.56 
436 -157.97875 21.31490 0.66 0.91 1.30 2.82 
437 -157.97404 21.31885 0.66 0.99 1.43 3.02 
438 -157.97010 21.32412 0.66 0.98 1.45 3.12 
439 -157.97100 21.33589 0.66 1.01 1.57 3.58 
440 -157.97965 21.34777 0.66 1.06 1.69 3.97 
441 -157.99064 21.35129 0.66 1.10 1.76 4.23 
442 -157.99663 21.35552 0.66 1.12 1.81 4.38 
443 -158.01065 21.35627 0.66 1.16 1.89 4.45 
444 -158.01850 21.35772 0.66 1.26 2.06 4.71 
445 -158.02032 21.36118 0.66 1.31 2.21 5.03 
446 -158.02004 21.36496 0.66 1.36 2.34 5.30 
447 -158.01617 21.36545 0.66 1.26 2.16 4.98 
448 -158.01773 21.37337 0.66 1.38 2.42 5.49 
449 -158.01088 21.37295 0.66 1.30 2.23 5.22 
450 -158.00728 21.37044 0.66 1.23 2.10 5.05 
451 -158.00134 21.36183 0.66 1.14 1.88 4.59 
452 -157.98797 21.36161 0.66 1.12 1.82 4.58 
453 -157.96886 21.34333 0.66 1.03 1.60 3.81 
454 -157.97397 21.36584 0.66 1.09 1.77 4.41 
455 -157.98174 21.36594 0.66 1.10 1.80 4.42 
456 -157.99037 21.37755 0.66 1.19 1.96 4.78 
457 -157.99181 21.38545 0.66 1.26 2.08 5.01 
458 -157.98364 21.38267 0.66 1.17 1.96 4.83 
459 -157.97625 21.37713 0.66 1.13 1.85 4.66 
460 -157.97212 21.37014 0.66 1.10 1.78 4.47 

 

†These elevations reflect the stillwater elevations associated with the hurricane hazard only.  Tsunami 
hazards may dominate in certain areas. 
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Table 5: Summary of Coastal Stillwater Elevations† (continued) 

ISLAND OF OAHU (continued) 
Flooding Source and  Location Elevation (ft ltd) 

Station Longitude Latitude 10-Percent 2-Percent 1-Percent 0.2-Percent 
 (NAD83)     

Pacific Ocean 
461 -157.96822 21.36996 0.66 1.09 1.77 4.45 
462 -157.96610 21.37746 0.66 1.11 1.79 4.54 
463 -157.96864 21.38558 0.66 1.23 2.07 5.04 
464 -157.95409 21.38246 0.66 1.10 1.80 4.65 
465 -157.94488 21.37900 0.66 1.08 1.77 4.58 
466 -157.94144 21.37488 0.66 1.05 1.71 4.44 
467 -157.93518 21.37440 0.66 1.05 1.72 4.50 
468 -157.93928 21.36836 0.66 1.04 1.69 4.37 
469 -157.94589 21.36194 0.66 1.04 1.66 4.26 
470 -157.94898 21.35489 0.66 1.04 1.64 4.17 
471 -157.94204 21.35802 0.66 1.04 1.65 4.21 
472 -157.94380 21.35110 0.66 1.03 1.61 4.12 
473 -157.95741 21.35338 0.66 1.04 1.64 4.13 
474 -157.96533 21.35174 0.66 1.04 1.65 4.07 
475 -157.96931 21.35884 0.66 1.06 1.70 4.22 
476 -157.95757 21.36118 0.66 1.05 1.67 4.24 
477 -157.95424 21.36985 0.66 1.07 1.72 4.41 
478 -157.96384 21.32440 0.66 0.96 1.40 3.11 
479 -157.95653 21.31627 0.66 0.92 1.30 2.76 
480 -157.94733 21.31307 0.66 0.92 1.28 2.70 
481 -157.94824 21.30216 0.66 0.84 1.08 2.11 
482 -157.92525 21.30329 0.66 0.86 1.15 2.30 
483 -157.90660 21.30397 0.66 0.87 1.19 2.47 
485 -157.90437 21.32260 0.66 1.12 1.79 4.12 
486 -157.89598 21.32972 0.66 1.11 1.81 4.27 
487 -157.89290 21.31975 0.66 0.99 1.48 3.48 
488 -157.89058 21.31342 0.66 0.93 1.33 3.04 
489 -157.88439 21.29963 0.66 0.83 1.09 2.30 
490 -157.87588 21.31183 0.66 0.91 1.26 2.82 
491 -157.86617 21.31316 0.66 0.91 1.25 2.73 
493 -157.86997 21.29728 0.66 0.89 1.18 2.44 
494 -157.86610 21.29315 0.66 0.85 1.12 2.21 
495 -157.85714 21.29313 0.66 0.86 1.14 2.35 

 

†These elevations reflect the stillwater elevations associated with the hurricane hazard only.  Tsunami 
hazards may dominate in certain areas. 
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Table 5: Summary of Coastal Stillwater Elevations† (continued) 

ISLAND OF OAHU (continued) 
Flooding Source and  Location Elevation (ft ltd) 

Station Longitude Latitude 10-Percent 2-Percent 1-Percent 0.2-Percent 
 (NAD83)     

496 -157.85111 21.28872 0.66 0.89 1.18 2.44 
497 -157.84624 21.28190 0.66 0.87 1.14 2.29 
498 -157.84338 21.28652 0.66 0.89 1.21 2.60 
499 -157.83471 21.27641 0.66 0.84 1.10 2.27 
500 -157.82495 21.26990 0.66 0.88 1.16 2.34 
501 -157.81717 21.25469 0.66 0.83 1.05 1.98 
502 -157.80733 21.25230 0.66 0.82 1.04 1.95 
503 -157.79068 21.25380 0.66 0.85 1.10 2.08 
504 -157.77822 21.26551 0.66 0.93 1.25 2.66 
505 -157.76312 21.27268 0.66 0.94 1.27 2.85 
506 -157.75583 21.27151 0.66 0.87 1.13 2.34 
507 -157.75108 21.27417 0.66 0.91 1.21 2.61 
508 -157.73613 21.27707 0.66 0.90 1.22 2.64 
509 -157.72102 21.28170 0.66 1.03 1.50 3.46 
510 -157.71167 21.27445 0.66 0.90 1.21 2.51 
511 -157.70436 21.28289 0.66 0.66 0.69 0.86 
512 -157.69576 21.29402 0.66 0.66 0.69 0.86 
513 -157.71261 21.26282 0.66 0.83 1.05 1.93 
514 -157.70005 21.25884 0.66 0.86 1.10 2.03 
515 -157.69504 21.27115 0.66 0.91 1.19 2.37 
516 -157.68734 21.26957 0.66 0.88 1.13 2.15 
517 -157.67720 21.27947 0.66 0.88 1.13 2.19 
518 -157.66921 21.28516 0.66 0.87 1.10 2.12 
519 -157.65447 21.29566 0.66 0.86 1.10 2.13 
520 -157.64784 21.30343 0.66 0.85 1.06 2.03 
521 -157.64992 21.31222 0.66 0.86 1.08 2.08 
522 -157.65864 21.31369 0.66 0.89 1.14 2.29 

†These elevations reflect the stillwater elevations associated with the hurricane hazard only.  
Tsunami hazards may dominate in certain areas   
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Figure 23:  Stillwater Station Location Maps 
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