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Overview

The National Oceanic and Atmospheric Administration (NOAA) Integrated Data and Environmental Applications (IDEA) Center has initiated the Pacific Region Integrated Climatology Information Products (PRICIP) project to a) improve our understanding of patterns and trends of storm frequency and intensity - “storminess”- within the Pacific region, and b) develop a suite of integrated information products based on this understanding.  Theme-specific data integration and product development teams have been formed to carry out this work.  These teams are comprised of recognized agency and university-based experts in the area of climate-related processes that govern storminess and its expression in the Pacific region, and are grouped under the thematic headings of: Strong Winds, Heavy Rains, and High Seas.  

It is the formulation of a High Seas theme-specific work plan that leads to the creation of a High Seas derived-data product suite that is the focus of this document.  A general outline of tasks that make-up the High Seas work plan includes:

· Analysis of long term trends in wave and water level records;

· Analysis of interannual, annual, seasonal, monthly, and short-term variability in event magnitudes, frequencies, durations, and directions in wave and water level records;

· Extreme event characterization in the form of statistical depiction and process dissection; 

· Synoptic and climatological typing based on correlation of event characteristics with regional climatological indices;

A detailed description of these task, including work products, timelines, and team member roles and responsibilities is provided below.  Additional information about PRICIP and how the work outlined below fits into this effort can be found in the overall PRICIP work plan document, of which this attachment is a part.   

Work Tasks, Roles and Responsibilities
Task 1:  Long term trends
Description: Trends and the annual “baseline” climatologies will be specified in this task.  Considerable work has already been conducted in trend analysis by CO-OPS for NWLON stations, including those in the Pacific.  CO-OPS will expand this activity to include non-NWLON in the Northeast Pacific (primarily Canadian sites) and elsewhere as time and resources permit.   UHSLC and other partners will use the same methodology on altimeter sea surface height data and on significant wave height data in wave buoy records.  An error analysis taking into account serial correlations in the time series will be applied consistently to all datasets.  Baseline climatologies (such as annual mean, minimum, maximum) will also be developed for these parameters.  Wave period and direction statistics will be calculated for the wave buoy data as is applicable.  Time and resources permitting, similar calculations will be carried out using monthly and daily means sea levels and/or for “current’ trends (i.e., calculations of “recent” records - from 1980 up to the present).      
Subtasks

1.1 Water Level Stations. 
Calculate long-term trends  for all tide gauge stations in the Pacific region using monthly mean sea level data from the inception of the record up to 2006, and from 1980 up to the present   This data will be obtained from NOAA CO-OPS, PSMSL, and/or UHSLC.  
Lead: 

NOAA CO-OPS (Chris Zervas)

Products:


· Plots of trends in water level station data, expressed as annual rates of change, for complete and recent records.
· Annual baseline statistical summaries.

· Update and revise CO-OPS website.  

· Write a NOAA Technical Report 

Timeframe: 
August 2007 for NOAA CO-OPS stations, TBD for non-NOAA stations
1.2 Wave Buoys. 
Calculate long-term mean trend for wave buoy stations in the study region using daily mean significant wave height, period, and direction data obtained from NDBC and CDIP up to 2006. 
Lead: 

UH (Mark Merrifield) with support from OSU (Peter Ruggiero)
Products:


· Plots of trends in water level station data, expressed as annual rates of change.

· Annual baseline statistical summaries.
Timeframe: 
August 2007 for buoys in the North Central Pacific (Hawaii), TBD for other areas.
1.3 Altimeter Sea Surface Height and Significant Wave Height. 
Calculate long-term trends using monthly mean altimeter datasets up to 2006 from TOPEX/Poseidon/Jason satellite altimeter data obtained from NASA/JPL.
Lead: 

UH (Mark Merrifield)
Products:


· Plots of trends, expressed as annual rates of change, for ……

· Annual baseline statistical summaries.
Timeframe: 
August 2007

Task 2:  Interannual, annual, seasonal, monthly, and short-term variability.
Description: Delineation of interannual, annual, seasonal, monthly, and short-term variability of magnitudes, frequencies, durations, and directions in wave and water level records is the focus of this task.  Calculating average “baseline” conditions and residuals at a range of time scales and the range of variance about them – “norms and storms” typically involves simple statistical summaries of long term records, corrected for long term trends (e.g., mean, standard deviation, etc.).  Considerable work has already been done in this area.  For example, the UHLSC has carried out detailed analyses of several GLOSS tide station records in the Pacific that show daily variance associated with seasonal, short-term, and tidal cycles.  CO-OPS has calculated inter-annual and seasonal variations in water level for NWLON stations in the Pacific.  Researchers in the Pacific Northwest have described the wave climate for several NDBC and CDIP wave buoys along the US West Coast including the joint probability of occurrence of wave height and direction joint.  Also, the UHLSC has carried out annual frequency counts of extreme sea level events.  The subtasks described below bring together and build-upon this work.  
Subtasks

2.1 Tidal Variability
Extreme water level events often occur when a meteorologically forced event coincides with spring tides, which vary in a predictable way.  Harmonic tidal analysis will be performed on all tide gauge datasets to define the modulation of spring tides, which typically peak at either solstices or equinoxes depending on location.  The tide gauge tidal information will be put into a regional spatial context through comparisons with global tide model predictions.

2.1.1 Water level stations.  Gather tidal harmonic predictions for all tide gauge stations in the study region and specify range and timing of extreme high tides at each station.
2.1.2 Global models based on satellite alimeter data.  Gather tidal harmonic predictions from global tide model data for the study region and specify range and timing of extreme high tides at each model grid point.
Lead: 

UH (Mark Merrifield)
Products:


· ?????…
Timeframe: 
August 2007

2.2 Short-term and Seasonal Variability
Defining the statistics of the “storm” component of extreme wave and water level events is the focus of this task.  Storm-related variability will be specified in terms of annual climatologies of amplitude and duration.  Year-to-year changes in storminess will be defined for later comparisons with climate indices and other parameter fields.  Annual climatologies will be decomposed to determine if extremes have a tendency to occur at certain times of year (the Firing et al., 2006 “stacking” approach).

2.2.1 Water level stations.  Construct time series of short-term (equivalent to storm duration, eddy passage, etc., need to quantify time scale) events for all tide gauge stations in the study region using hourly mean sea level data up to 2006 obtained from CO-OPS and UHSLC.  Determine annual climatology of short-term events for all tide gauge stations in the study region using hourly mean sea level data up to 2006 obtained from CO-OPS and UHSLC.  Specify the interannual variability of high frequency events.
Lead: 

UH (Mark Merrifield) 

Products:


· Water-level “stack” plots 
Timeframe: 
August 2007 for UHSLC/GLOSS stations, TBD for other CO-OPS stations.
2.2.2  Wave buoys.  Determine annual climatologies and interannual changes of significant wave height variability for all wave buoys in the study region using data up to 2006 obtained from NDBC and CDIP.
Leads: 

UH (Mark Merrifield) and OSU (Peter Ruggiero)
Products:


· TBD
Timeframe: 
TBD
2.2.3 Wavewatch III model.  Determine annual climatology of significant wave height variability for all Wavewatch III grid points in the study region using data up to 2006 obtained from NOAA NCEP data
Lead: 

UH (Mark Merrifield) 

Products:


· TBD
Timeframe: 
TBD
2.3 Frequency counts of extreme waves and water levels
This task will generate event frequency counts for the regions under consideration in this project.
Leads: 

UH (Mark Merrifield) with support from team members.
Products:


· Event count histograms and trends in frequency counts.
Timeframe: 
August 2007 for North Central Pacific stations and buoys, TBD for other regions.
Task 3:  Extreme Event Characterization.
Description:  Characterization of extreme events in wave and water level records is the focus of this task.  Statistical depiction via Generalized Extreme Value (GEV) Analysis is the classic approach to extreme event analysis.  This involves statistical analysis of wave and water level records to determine the probability of occurrence of an event of a given magnitude.  Extensive literature exists on GEV analysis.  For example, guidance on the application of the GEV is currently under development by the Federal Emergency Management Agency (FEMA) as part of its draft “Guidelines and Specifications for Flood Hazard Mapping Partners”.  A significant amount work has already been done in this area.   This includes NOAA CO-OPS recent GEV distribution-based calculations of exceedance thresholds for extreme storm tide events at 117 NWLON stations and Ruggiero et.al., 2001 and other researches calculations of return intervals of extreme wave heights in NDBC and CDIP wave buoys located along the US West Coast.  The subtasks described below bring together and build-upon this work.  Time and resources permitting, attention will be given to re-analyses of a prioritized set of tide station records using a different type of GEV-related analysis procedures (e.g. peak-over-threshold/Pareto-distribution).
Also, although the classic approach to extreme event analysis yields important results, it is not without its limitations.  Extreme water levels are typically the result of the superposition of various processes.  The 100-year flood elevation, for example, may be produced by any number of mechanisms or combinations of mechanisms including tides, storm surge, barometric pressure effects, temperature effects, and baroclinic currents.  Therefore attention will be given to deconstructing the extreme events to try and identify causal factors affecting the “total water level” .  This process dissection enables the occurrence of extreme events to be linked with climate variations, season cycles, storm track patterns, etc., and as a result significantly increases the information base needed to more accurately calculate probabilities and return periods.  A limited amount or work has already been done in this area including Alan and Komar’s (2002) analysis of extreme storms along the Pacific coast and Firing and Merrifield’s (2004) assessment of extreme events at Honolulu, which includes remotely-sensed as well as in-situ records. 
Subtasks

3.1 Generalized Extreme Value (GEV) Analysis
Generalized Extreme Value (GEV) Analysis will be used to determine the probability of occurrence of an event of a given magnitude in the wave and water level records.  
3.1.1 Water level stations.  Analyze the monthly highest and lowest water level values for all tide gauge stations in the study region to define extreme water levels that have low but finite probabilities of being exceeded.  Quality-control the data and include, when feasible, nearby post-storm surveyed high water marks if a gauge malfunctioned or was destroyed.  Fit a smooth curve to the data to define levels that have a 99%, 50%, 10%, and 1% annual probability of being exceeded.  These levels correspond to average return periods of ~1, 2, 10, and 100 years.  Complete this analysis for all tide gauge stations in the region 
Lead: 

NOAA CO-OPS (Chris Zervas) 
with support from UH (Mark Merrifield) and NOAA PEAC (Rashed Chowdhury).
Products:


· Cumulative probability of exceedance plots 
· “Staff” diagrams of water level elevations for given return intervals.

· Update and revise CO-OPS website.  

· Write a NOAA Technical Report 
Timeframe: 
August 2007 for NOAA CO-OPS stations – annual and monthly, 

TBD for non-NOAA stations
August 2007 for UHSLC/GLOSS stations – seasonal, 

TBD for other CO-OPS stations.

3.1.2 Wave buoys.  Same as 3.1.1 but on NDBC and CDIP wave buoy data
Lead: 

UH (Mark Merrifield) with support from OSU (Peter Ruggiero)
Products:


· Cumulative probability of exceedance plots 

· “Staff” diagrams of wave heights for given return intervals.

Timeframe: 
October 2007 for NOAA CO-OPS stations, TBD for non-NOAA stations

3.2 Covariability of extreme waves and water levels

This task will involve process dissection via a comparison of the different contributors to the total water level to determine the tendency for co-occurrence, and thus the likelihood that they may combine to yield an extreme event.  Statistically significant covariances and cospectra of the various fields of interest (e.g., waves and high frequency storm-driven water level events, storm events and interannual ENSO or PDO variability, etc.) will be determined for a select set of sites and for specific events within a given sub-region.  Annual climatologies will be decomposed to determine if extremes have a tendency to occur at certain times of year (the Firing et al., 2006 “stacking” approach).

Lead: 

UH (Mark Merrifield) with support from OSU (Peter Ruggiero)
Products:


· TBD
· …

Timeframe: 
TBD
Task 4:  Synoptic/climatologic typing and context.
Description:  A limited amount of work has been conducted in this area.  Firing et.al.,  (2004) have compared Southern Oscillation Index (SOI), Pacific-North America Index (PNA), and the Aleutian low pressure index with Hawaii sea levels.  Allan and Komar (2000; 2006) study of climate controls on US West Coast wave conditions have compared wave climate characteristics to Multivariate ENSO Index (MEI), Pacific Decadal Oscillation (PDO), East Pacific Teleconnection Index (EPI), North Pacific Index (NPI), and Area-weighted barometric sea level pressure (SLP).  Also, Chowdhury (for PEAC) has correlated the intensity of monthly sea Level anomalies with ENSO signal strength, and regional/seasonal composites of SST deviations with ENSO events and SST to sea levels.  This work has formed the basis fo a prediction of seasonal sea level in the U. S.-Affiliated Pacific Islands (USAPI) using the teleconnections with tropical SSTs based on an operational Canonical Correlation Analysis (CCA) statistical model.  The subtasks described below bring together and build-upon this work.  
Subtasks

4.1 Delineation of Climatological Indices
This task involves the identification of potentially relevant climatological indicies for the region and/or sub-regions….
Leads: 

TBD
Products:


· TBD
Timeframe: 
TBD
4.2 Correlation of Climate Indices with Extreme Sea Levels
This task expands upon the types of analyses conducted by Firing and by Chowdhury that looks at correlation of sea level extremes with various climatological indices, by moving forward more systematically by geography (more stations) and indices (in addition to ENSO)…
Lead: 

TBD
Products:


· TBD
Timeframe: 
TBD
4.3 Correlation of Climate Indices with Extreme Waves
This task expands upon the types of analyses conducted by Allan and Komar that looks at correlation of extreme wave characteristics with various climatological indices, by moving forward more systematically by geography (more stations) and indices (in addition to ENSO)…
Leads: 

TBD
Products:


· TBD
Timeframe: 
TBD
4.4 Synoptic/Climatologic Context of Extreme Events
This task will involve linking the different contributors to the total water level to their synoptic/climatologic context.  A select set of events will be determined for a select set of sites within a given sub-region.  

Lead: 

NOAA IDEA
Products:


· TBD
· TBD
Timeframe: 
TBD
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