
Title: Modeling SLR Related Flood Components and Impact on Infrastructure in the Primary Urban 
Center 

Start date: ? 

Background The purpose of this study is to improve understanding of the various types of flooding that 
will be exacerbated by the confluence of extreme tide events and ongoing sea level rise (SLR). The 
objectives include simulation of four types of flooding that will occur over the next three decades:  

1) Direct marine, flooding that occurs as ocean water flows unimpeded over the land surface 
2) Storm drain backflow, flooding that occurs as marine waters intrude drainage infrastructure 

having two potential effects:  
a. reduction of runoff drainage, and  
b. flooding where backflow discharges at street level; 

3) Groundwater inundation, flooding that occurs as the water table is lifted above the elevation of 
buried and surface infrastructure; and  

4) Rainfall related exfiltration/runoff/ponding, flooding that is exacerbated as unsaturated space 
narrows, reducing capacity for infiltration. Reduced infiltration capacity will result in additional 
runoff/ponding during and following rain events.  

Each of these flood components will require a separate set of adaptation strategies to mitigate impacts. 
For example, seawall construction may impede marine flooding but will not impede storm drain back-
flow. Additionally, seawalls may generate their own set of negative consequences (e.g., impacts to public 
access and the environment). Thus, it is advantageous to simulate each flood component separately to 
provide clarity and focus on the specifics of location and flood style. This will enhance projecting the 
costs and benefits related to adaptation planning.  

SLR can be modeled in two modes:  

1) scenarios of global mean sea level (GMSL), and  
2) scenarios that forecast high tide flooding.  

Research products that simulate the timing of both these flood styles are promulgated by NOAA (Sweet et 
al., 2017; Sweet et al., 2018). These constitute National Standards that we will employ as the basis for our 
modeling. An important difference exists between these two modes, high tide flooding arrives at a 
location long-before GMSL and can be responsible for significant impacts. A community that is preparing 
for future GMSL rise, but ignoring the potential for high tide flooding, will be caught unprepared decades 
before they had anticipated as the doubling time of high tide flooding is on the order of years (not 
decades) for all but the lowest scenarios 

Scope of Work The objective of this study is to provide high resolution, site specific (1x1 m) raster 
datasets in which infrastructure location data are superimposed on high tide flood simulations to illustrate 
locations where public assets are threatened by the specific flood components outlined above. This work 
builds on research that was sponsored previously by the Board of Water Supply (BWS) to simulate 
groundwater inundation (GWI) for the Primary Urban Center of Honolulu.  

We propose to focus on high tide flooding with the model provided by Sweet et al., 2018. Using their 
criteria of 0.5 m above MHHW (called minor high tide flooding), we will simulate the arrival time of 
flooding using the GMSL scenarios published in Sweet et al. (2017). We will employ the higher 4 
scenarios (Intermediate, Intermediate-High, High, and Extreme) to produce a set of frequencies for each 
scenario. Essentially, we will be answering the question “When will high tide flooding occur 12 times per 
year under the intermediate scenario, where will it occur in the PUC, and how deep will the flooding be?” 
Additionally, instead of 12 times, we can model any number (e.g., 6, 24 48), as well as each of the four 
scenarios. 



This research will provide locations in the PUC (e.g., specific drains, intersections, manhole covers, etc.) 
that will experience flooding in modes 1-3 above. Modeling rainfall is more complicated and we want to 
save that for years 2 and 3 of this project. 

Deliverable The primary deliverables are GIS layers (shp files) grouped in sets. One set of maps will be 
developed for each of the four GMSL scenarios and consist of the following: 

1. Minor high tide flooding of the PUC by  
a. direct marine 
b. drainage backflow 
c. groundwater inundation 
d. combined all floods 

2. Each of the above will show surface flood depth. 
3. GIS overlays of 

a. Roads 
b. Sewage lines 
c. Water lines 
d. Other public assets as mapped (e.g., rail) 

4. A report  
a. providing arrival times for each scenario when high tide flooding will occur 6, 12, 24, 

and 48 times per year. 
b. Analysis indicating “first to be hit high priority locations” 
c. Consultation with DOT to determine thresholds for roadway adaptation concerning 

traffic, zoning, and depth/ length of flooding tolerated. 
d. This information will be valuable for guiding prioritization of BWS pipe upgrades and 

other SLR related adaptation planning.  

Year 2/3 Will consist of the development of modeling capabilities to simulate surface/groundwater 
interactions during a range of rainfall events (1, 10, 100, 500 year). Modeling packages that simulate 
these interactions will be integrated with existing groundwater models to evaluate additional flooding 
caused by rainfall. 

Supplementary Information The existing GWI modeling methodology employs MODFLOW 2005 (a 
three-dimensional finite-difference flow model that can simulate groundwater elevation across a defined 
study area) to simulate the increase in water table positions prompted by SLR.  

Hydrogeologic units represented in the model include the unconfined caprock aquifer and the confined 
basalt aquifer. As part of the calibration process, the values of hydraulic conductivity and basal flux are 
adjusted to minimize the error between observed and calculated head values.  
Model simulations of water table elevations are compared to a digital elevation model (DEM) to arrive at 
thickness of the vadose zone for each increment of SLR. The DEM is produced by interpolating a digital 
surface from 2013 NOAA LiDAR point elevation data.  

Collection of discrete and continuous water level observations are acquired from publicly available 
sources including Leaky Underground Storage Tank (LUST) records and various other publicly available 
hydrologic studies for use in model calibration. Measurements acquired from these sources generally 
include information regarding location, surveyed elevation, and time of water level measurement.  

A network of water level monitoring stations is established when additional data is needed, by installing 
transducers into observation wells within the study area. Monitoring wells chosen for study are shallower 
than 10 m to capture water level variations within the unconfined aquifer. Water levels are measured with 
pressure data loggers at 5-15 minute intervals to capture tidal influence and daily mean water levels, and 
collected over a period of several months to capture long-term variations in water level.  



Tidal influence on groundwater is quantified by cross-correlating tidal signals measured at the Honolulu 
tide station with tidal signals in the groundwater observation data.  

Information regarding tidal influence is used to correct discrete water level measurements so that they 
represent height of groundwater at 0 m stage of the tide. Calculations of tidal attenuation with respect to 
distance from the coastline is applied across the model grid output to simulate head levels at various 
positions of the tide.  
Budget Justification Four people will be involved in this project.  

Dr. Charles Fletcher will be overall manager responsible for the direction and scientific strategy of the 
project. Dr. Fletcher comes at no cost.  

Dr. Jade Delevaux is a geospatial analyst who will provide skills in digital elevation modeling, GIS, 
photogrammetry, cartography, and ridge to reef watershed modeling. Dr. Delevaux comes at no cost.  

Ms. Shellie Habel has been funded by the BWS for the past 2 years while developing a model for 
groundwater inundation, and hydrostatic surface flooding. Ms. Habel has taken a new position with the 
Hawaii Sea Grant Extension faculty and will devote one day per week (plus weekends) to this project. 
Portions of this work also constitute the final chapter of her PhD dissertation. As such this project will be 
published in the peer-reviewed scientific literature.  Ms. Habel comes to the project at no cost.  

Dr. Tiffany Anderson (cv attached) is a modeling and programming specialist who developed the wave 
runup, coastal erosion, and flood modeling that is the basis for the Hawaii Sea Level Rise Vulnerability 
and Adaptation Report issued by the Hawaii Climate Change Commission in 2017. Dr. Anderson will 
develop MODFLOW 2005 modeling skills under the tutelage of Ms. Habel. As a former commercial 
software engineer, Dr. Anderson is well positioned to develop innovative rainfall and run-off models in 
years 2 and 3 of the project. To our knowledge, this will be the first such modeling for the PUC. Dr. 
Anderson comes to the project for 8 months at $55,872. Fringe benefits and 10% indirect costs bring the 
Year 1 final budget to $100,000.  

 

BUDGET SUMMARY     

PI: CHARLES 
FLETCHER           
        
SALARIES (8 mos, Anderson, Ass't Researcher) 55,872  
FRINGE BENEFITS    35,037  
TOTAL DIRECT COST    90,909  
INDIRECT COST @ 10% MTDC   9,091  
TOTAL COSTS    100,000  
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Assistant Researcher, Department of Geology and Geophysics 

School of Ocean and Earth Science and Technology 
University of Hawaii at Manoa, 1680 East-West Rd, POST 721, Honolulu, HI 96822 

tranders@hawaii.edu • (808) 956-6754 ph • (808) 956-5512 fax 
 

RESEARCH INTERESTS:  Coastal processes, sea level rise impacts on coasts, beach geomorphology in reef 
environments, Bayesian data analysis, inverse theory, empirical modeling of shoreline data. 
 

EDUCATION 
Univ. Hawaii – Manoa   PhD (Geology and Geophysics)     2013 

• Dissertation: Shoreline Data Analysis 
Univ. Hawaii – Hilo   BA (Mathematics / Minor: Computer Science)   2003 
  

PROFESSIONAL EXPERIENCE 
Assistant Researcher, UH Manoa Coastal Geology Group     2015 – Present 

• Simulated wave inundation under higher sea levels using the XBeach numerical model on Hawaiian 
shorelines (in support of Hawaii state sea level rise impact assessment and report);  

• Applied erosion model and simulated wave inundation to multiple Hawaiian Islands to support state and 
county planning and climate-related mitigation initiatives;  

• Investigated the impacts of sea level rise on oceanic island communities 
• Used small unmanned aerial vehicle to collect beach data and analyze beach change. 
• Supervised graduate and undergraduate student research. 

 
Graduate Faculty, UH Manoa Department of Geology and Geophysics 

• Serve as committee member on thesis and dissertation committees.        Mar 2016 – Present 
 

Program Manager, UH Manoa SOEST Maile Mentoring Bridge Program   2015 – Present 
• Planned events, oversaw mentor-student pairing, budget, and other operational aspects of a mentoring 

program for Native Hawaiian, island local, or underrepresented undergraduate students interested in 
pursuing degrees within the UH Manoa School of Ocean and Earth Science and Technology.  

 

Postdoctoral Researcher, UH Manoa Coastal Geology Group     2013 – 2015 
• Conceived and implemented new shoreline change model to project future shoreline locations under 

various sea level rise scenarios;  
• Investigated original methods of integrating wave run-up with future shoreline projection under elevated 

sea levels;  
• Supervised graduate and undergraduate student research. 

 
Graduate Research Assistant, UH Manoa Coastal Geology Group            2005 – 2010; 2012 – 2013 

• Used historical shoreline data to develop improved methods of shoreline change prediction for federal, 
state, and local coastal management purposes and for improved estimates of model uncertainty through 
inverse modeling;  

• Conducted beach surveys;  
• Produced a written report of cross-shore and alongshore sediment dynamics for sandy shorelines of East 

and South Oahu for the US Army Corps of Engineers, using an original sediment model that includes 
alongshore advection and diffusion. 

 

Graduate Teaching Assistant, UH Manoa Department of Geology and Geophysics          2009, 2012 
• Independently developed and taught laboratory classes for upper level undergraduate geophysical 

methods course;  
• Taught introductory geology laboratory. 



 

Extension Agent, University of Hawaii Sea Grant College Program          2010 – 2011 
• Assisted with specific government-supported projects regarding shoreline development;  
• Provided up-to-date scientific research to government officials, coastal managers, and local 

communities. 
SOEST Tutor, UH Manoa School of Ocean and Earth Science and Technology           2009 

• Taught and supplemented undergraduate student learning in mathematics, physics, and chemistry.  
 
 

Software Engineer, Science Applications International Corporation (Kauai, HI)                     2003 – 2005 
• Designed and implemented a networking tool, within a team of four developers, for simulation exercises 

at the Pacific Missile Range Facility on Kauai;  
• Specialist in land and sea vehicle and missile simulation software.  

 
SCHOLARSHIP 

 
Peer-Reviewed Journal Publications 

11. Habel, S.K., C.H. Fletcher, M. Barbee, T.R. Anderson (2016) The influence of seasonal patterns on a beach 
nourishment project in a complex reef environment, Coastal Engineering, 116: 67–76. 

10. Spirandelli, D., T.R. Anderson, R. Porro, C.H. Fletcher (2016) Improving adaptation planning for future sea-
level rise: understanding uncertainty and risks using a probability-based shoreline model, Journal of Planning 
Education and Research, doi: 10.1177/0739456X16657160. 

9.  Romine, B.R., C.H. Fletcher, L.N. Frazer, and T.R. Anderson (2016) Beach erosion under rising sea-level 
modulated by coastal geomorphology and sediment availability on carbonate reef-fringed island coasts, 
Sedimentology, doi: 10.1111/sed.12264. 

8.  Anderson, T.R., C.H. Fletcher, M.M. Barbee, L.N. Frazer, and B.M. Romine (2015) Doubling of coastal 
erosion under rising sea level by mid-century in Hawaii, Natural Hazards, 78(1): 75–103. 

7.  Kane, H.H., C.H. Fletcher, L.N. Frazer, T.R. Anderson, and M.M. Barbee (2015) Modeling sea-level rise 
vulnerability of coastal environments using ranked management concerns, Clim. Change, 131(2): 349–361.  

6.  Anderson, T.R., L.N. Frazer, and C.H. Fletcher (2015) Long-term shoreline change modeling at Kailua, 
Hawaii using regularized-ST, Journal of Coastal Research, 31(2): 464–476.  

5.  Anderson, T.R. and L.N. Frazer (2014) Toward Parsimony in Shoreline Change  
     Prediction (III): B-splines and noise handling, Journal of Coastal Research, 30(4): 729–742.  
4.  Romine, B.R., C.H. Fletcher, M.M. Barbee, T.R. Anderson, and L.N. Frazer (2013)  Are beach erosion rates 

and sea-level rise related in Hawaii?, Global and Planetary Change 108, 149–157. 
3.  Kane, H.H., C.H. Fletcher, B.M. Romine, T.R. Anderson, L.N. Frazer, and M.M. Barbee  
     (2012) Vulnerability assessment of Hawai`i’s cultural assets attributed to erosion using  
     shoreline trend analysis techniques, Journal of Coastal Research, 28(3): 533–539. 
2.  Anderson, T.R., L.N. Frazer, and C.H. Fletcher (2010) Transient and persistent shoreline   
     change from a storm, Geophys. Res. Lett., 37, L08401, doi:10.1029/ 2009GL042252. 
1.  Frazer, L.N., T.R. Anderson, and C.H. Fletcher (2009) Modeling storms improves estimates  
     of long-term shoreline change, Geophys. Res. Lett., 36, L20404, doi:10.1029/2009GL040061. 
 

Peer-Reviewed Conference Proceedings 
1.  Anderson, T.A., C.H. Fletcher, and M.M. Barbee (2015).  Coastal erosion hazards due to higher sea level: a 

simple hybrid historical/geometric model.  In P. Wang, J.D. Rosati, and J. Cheng (Eds.), The Proceedings of 
the Coastal Sediments 2015. Paper presented at the Eighth International Symposium on Coastal Engineering 
and Science of Coastal Sediment Processes, San Diego, 11–15 May. Hakensack, NJ: World Scientific.  

 
Technical Reports 

3.  Fletcher, C.H., B.M. Romine, A.S. Genz, M.M. Barbee, M. Dyer, T.R. Anderson, S.C. Lim,      
     S. Vitousek, C. Bochicchio, B.M. Richmond (2012).  National Assessment of Shoreline  
     Change: Historical Shoreline Change. U.S. Geological Survey Open File Report 2011–1051. 



2.  Romine, B.M., C.H. Fletcher, A.S. Genz, M.M. Barbee, M. Dyer, T.R. Anderson, S.C. Lim, S. Vitousek, C. 
Bochicchio, and B.M. Richmond (2012). National assessment of shoreline change: a GIS compilation of 
vector shorelines.... U.S. Geological Survey Open-File Report no. 2011-1009. 

1.  Anderson, T.R. (2010).  Alongshore diffusion and advection in shoreline change modeling.  
     Report prepared for the US Army Corps of Engineers, Regional Sediment Management Plan.      
 

 
Conference Talks / Posters 

10. Anderson, T.R., C.H. Fletcher, S. Lemmo, B. Romine, K. Courtney (2017).  Modeling future sea level 
impacts to guide planning and policy in the Hawaiian Islands, USA.  The International Sea Level 2017 
Conference on Regional Sea-level Changes and Coastal Impacts, Columbia University, NY, July 2017. 

9.  Fletcher, C.H., T.R. Anderson, M.M. Barbee, and S.L. Habel (2015).  Modeling coastal erosion, groundwater 
inundation, passive inundation, and wave inundation under higher sea level in Hawaii. Geological Society of 
America Annual Meeting. Baltimore, Maryland, USA, 1 – 4 Nov., 2015. Abstract #259612.  

8.  Habel, S.L., C.H. Fletcher, M.M. Barbee, and T.R. Anderson (2015).  Performance of the 2012 Waikiki 
Beach Nourishment, Oahu, Hawaii. Geological Society of America Annual Meeting. Baltimore, Maryland, 
USA, 1 – 4 Nov., 2015. Abstract #260869.  

7.  Spirandelli, D.J., R. Porro, and T.R. Anderson (2015). Sea level rise in the Hawaiian Islands: adapting to 
future coastal erosion. Association of Collegiate Schools of Planning 2015 55th Annual conference in 
Houston, Texas, October 22–25, 2015. 

6.  Anderson, T.R., C.H. Fletcher, and M.M. Barbee (2015).  Coastal erosion hazards due to higher sea level: a 
simple hybrid historical/geometric model. Coastal Sediments 2015, the eighth international Symposium on 
Coastal Engineering and Science of Coastal Sediment Processes. San Diego, California, May. 2015.  

5.  Anderson, T.R., M.M. Barbee, C.H. Fletcher, B.R. Romine, and Sam Lemmo (2014).  Empirical projection 
of long-term coastal erosion hazards in Hawaii under rising sea levels. Abstract GC21A-0499. American 
Geophysical Union Fall Meeting, Dec. 2014.  

4.  Anderson, T.R., C.H. Fletcher, M. Barbee, B.R. Romine, and Sam Lemmo (2014).  Empirical projection of 
future erosion hazard due to sea level rise using a hybrid geometric model. Abstract 244168. GSA Annual 
Meeting in Vancouver, British Columbia, October, 2014.  

3.  Anderson, T.R. and L.N. Frazer (2010).  Advection and diffusion in shoreline change 
     prediction.  Abstract EP33B-0777.  American Geophysical Union (AGU) Fall Meeting, Dec. 2010.  
2.  Romine, B.M., C.H. Fletcher, M.M. Barbee, L.N. Frazer, and T.R. Anderson (2010).  Shoreline  
     change in the Hawaiian Islands.  Abstract EP33B-0780.  AGU Fall Meeting.  Dec. 2010. 
1.  Fletcher, C.H., T.R. Anderson, M. Barbee, and E. Newsom (2010).  Methodology for 
     mapping sea-level rise vulnerability on digital elevation models using local tide record: Maui, 
     Hawaii. Geologic Society of America.    
 

Articles 
1.  Wessel, P., T. Anderson, R. Austin, A. Benediktsdottir, M.T. Chandler, M.M. Conley, S.-S. 
     Kim, R.L. Michaud, M.E. Rumpf, J.D. Sleeper, and J.R. Weiss (2009) Seminar 2.0: Learning  
     with Skype and video podcasts. Eos Trans. AGU, 90(17), 145-147. 
 

Invited Community Talks 
Anderson, T.R., C.H. Fletcher, and M.M. Barbee (2017). Modeling the impacts of sea level rise on Hawaiian 

coasts. Climate Change Impacts workshop with the delegation from the Chinese Academy of Engineering 
Science, Honolulu, Hawaii. May 9, 2017. 

Anderson, T.R., C.H. Fletcher, and M.M. Barbee (2016). Coastal erosion hazards in Hawaii related to higher sea 
level. Pacific Islands Climate Science Center 2016 Climate Science Mini-Symposium, Honolulu, Hawaii. 
March 2016. 

Anderson, T.R., M.M. Barbee, and C.H. Fletcher (2015). Long-term coastal erosion hazards under rising sea 
levels in Hawaii. Pacific Islands Climate Science Center 2015 Climate Science Symposium, Honolulu, 
Hawaii. February 2015. 



Anderson, T.R., M.M. Barbee, and C.H. Fletcher (2014). A practical approach to mapping shoreline change 
under future sea level rise scenarios. Workshop on Regional Climate Change and Environmental Response, 
Honolulu, Hawaii. July 2013. 

Anderson, T.R., L.N. Frazer, and C.H. Fletcher (2013). Long-term coastal erosion hazards under rising sea 
levels in Hawaii. The First Annual Pacific Islands Climate Science Center and Pacific Islands Climate Change 
Cooperative Science Review Symposium, Honolulu, Hawaii. July 2013. 

 
GRANTS / AWARDS / FELLOWSHIPS / SCHOLARSHIPS 

2014 – 2016    $120,000   Pacific Islands Climate Science Center, USGS, Honolulu, HI 
            Grant covers 12 months of salary over 2 years.  
                        I assisted in proposal preparation; not listed as a PI.  
2011   Kotaro Kodama Graduate Scholarship 
2011   Fred M. Bullard Endowed Graduate Fellowship 
2010   Achievement Rewards for College Scientists in Geology and Geophysics, ARCS  
           Foundation 
2010   Chrysalis Scholarship, Association for Women Geoscientists 
2003   Outstanding Graduating Senior in Mathematics, UH-Hilo 
2000   Addison-Wesley Award for Outstanding First Year Computer Science Student, UH-Hilo 
 

TEACHING/MENTORING/ADVISING 
Teaching 

• Guide experiments and correct lab reports for Introductory Geology Lab course   2009 
• Create laboratory exercises and teach Geophysical Methods Lab course    2012 
• Assistance with Scientific Programming course          2014, 2016 
• Assistance with Bayesian Data Analysis course        2017 
• Developed and led 2-day Matlab course         2017 

Graduate Student Committees 
• Hannah Azouz, MGeo, graduated Spring 2017      2016 – 2017 
• Robert Walker, MGeo, graduated Winter 2017      2015 – 2017 

Maile Mentor Program          
• Mentor to Diamond Tachera (Geology and Geophysics)        2013 – 2016 
• Mentor to Jennifer Ala-Wong (Global Environmental Studies)          2016 – 2017 

Supervised Student Projects 
• Kammie Tavares, Undergraduate Student, Sea level rise triggering coastal destruction    2016 – Present  
• Kristian McDonald, Graduate Student, Waikiki Beach evolution using drone surveys      2017 – Present  
• Shellie Key, Graduate Student, Waikiki Beach Nourishment Monitoring   2015 – 2017 
• Rob Walker, Graduate Student, Seasonal Sediment Transport at North Shore, Oahu 2015 – 2017 
• Alisha Summers, Undergraduate Student, Failure to protect beaches under SLR               2016 – 2017  
• Kristian McDonald, Undergraduate Student, Erosion Under Future SLR   2015 – 2017 
• Keilani Bonis Erickson, Undergraduate Summer Intern, Kauai Erosion Project   2015 

 
SERVICE TO PROFESSION 

Reviewed manuscripts for the journals: Environmental and Modeling Software, Journal of Coastal Research, 
Natural Hazards.  

 
PROFESSIONAL AFFILIATIONS AND TRAINING 

Professional Society Affiliations:  
• American Geophysical Union 
• American Statistical Society 
• American Shore and Beach Preservation Association 

Field experience:  



• Shoreline surveying, 2006 to present 
• Oceanographic cruise, mapping and dredging south Kauai, 2006 

Simulation Training:  
• Extended Air Defense Simulation (EADSIM) Fundamentals course, Teledyne Brown Engineering – 

April 2004, Huntsville, Alabama 
• Joint Semi-Automated Forces (JSAF) Developers course, BMH – July 2004, Kihei, Maui 
• Delft3D Introductory hydromorphodynamics course – March 2014, New Orleans, Louisiana 

 
SKILLS AND CERTIFICATIONS 

Programming languages (proficient): Matlab, C++, Java 
Certifications: PADI open water SCUBA. 
Geographical Information Systems: Proficient in Global Mapper; Familiar with ArcGIS 


