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Abstract … 

In response to a request by the Project Management Office for the Maritime Helicopter Project 

(MHP), DRDC Atlantic has evaluated the frequency of occurrence of combinations of significant 

wave height and temperature in ocean areas of interest. A set of tables showing these frequencies, 

both annually and seasonally, has been provided for eight ocean regions.  

 

Résumé … 

En réponse à une demande du Bureau de gestion de projet (BGP) du Projet d'hélicoptère maritime 

(PHM), RDDC Atlantique a évalué la fréquence d'occurrence simultanée de grandes hauteurs de 

vague et de températures extrêmes dans des secteurs océaniques d'intérêt. Un ensemble de tables 

montrant ces fréquences sur une base annuelle et sur une base saisonnière a été fourni pour huit 

régions océaniques du monde. 
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Executive summary  

Sea state and temperature statistics for MHP operational limits  

Sean Pecknold; DRDC Atlantic TM 2012-235; Defence R&D Canada – Atlantic; 
November 2012. 

Background: The Project Management Office for the Maritime Helicopter Project has a 

requirement to know how often extreme temperature conditions occur at the same time as high 

sea states. DRDC Atlantic was requested to provide an evaluation of the frequency of occurrence 

of weather conditions (sea state and temperature) to assist in determining the requirements for 

operational limits of the CH148 Maritime Helicopter. Because of the anticipated global extent of 

possible operations for the CH148, such information was required in all maritime areas of the 

world. 

 

Results: Sets of temperature and significant wave height data were acquired from the US 

National Oceanic and Atmospheric Administration (NOAA) that allow for estimation of joint 

probabilities of given temperature and wave height conditions. A set of tables of annual and 

seasonal joint probabilities was generated for eight ocean regions. Processing in this report was 

improved from that performed in a previous report [1].  

Significance: The joint frequency of occurrence tables provided here should assist the PMO 

MHP in assessing the requirements for operational capabilities of the CH148. Maps of the areas 

where extreme temperature and wave height conditions occur most frequently also provide a 

useful tool for assessing where and how often the limits of the operating envelope of the CH148 

might potentially be reached.  

Future plans: The current data set is based on six years of data covering the years 2006 to 2011 

inclusive. Follow-on analyses, if desired by the client, could improve the temporal or spatial 

resolution of the data set, or broaden the temporal extent to include meteorological and 

oceanographic conditions that might not be evidenced in the current data. Joint frequency of 

occurrence with other wave parameters such as wave period could also be generated. 
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Sommaire ... 

Sea state and temperature statistics for MHP operational limits  

Sean Pecknold; DRDC Atlantic TM 2012-235; R & D pour la défense Canada – 
Atlantique; novembre 2012. 

Contexte : Le Bureau de gestion de projet (BGP) du Projet d'hélicoptère maritime (PHM) a 

besoin de connaître la fréquence à laquelle des conditions de température extrêmes se produisent 

en même temps que la mer est agitée. On a demandé à RDDC Atlantique de fournir une 

évaluation de la fréquence d'occurrence simultanée des mauvaises conditions météorologiques 

(état de la mer et température) pour aider à déterminer les exigences relatives aux limites 

opérationnelles de l'hélicoptère maritime CH148. En raison de l'étendue mondiale anticipée du 

domaine d'exploitation du CH148, cette information était nécessaire pour toutes les zones 

maritimes du monde. 

 

Résultats : Des jeux de données sur la température et les vagues de grande amplitude ont été 

acquis auprès de la US National Oceanic and Atmospheric Administration (NOAA) et ils 

permettent l'estimation des probabilités d'occurrence conjointe de conditions de température et de 

hauteur des vagues. Un ensemble de tables annuelles et saisonnières de probabilités conjointes a 

été généré pour huit régions océaniques. Le traitement couvert par ce rapport a été amélioré 

comparativement à celui réalisé pour un précédent rapport [1].  

Importance :  Les tables de fréquences d'occurrence conjointe présentées dans le présent rapport 

devraient aider le BGP du PHM à évaluer les capacités opérationnelles requises du CH148. Les 

cartes des zones où les températures extrêmes et les fortes hauteurs de vague se produisent le plus 

souvent constituent aussi un outil utile pour évaluer les endroits où les limites de l'enveloppe de 

fonctionnement du CH148 pourraient potentiellement être atteintes ainsi que la fréquence de 

telles occurrences.  

Perspectives : Le jeu de données actuel est basé sur six ans de données couvrant les années 2006 

à 2011 inclusivement. Des analyses de suivi pourraient, si le client le souhaite, améliorer la 

résolution temporelle ou spatiale du jeu de données. Par ailleurs, un allongement de l'étendue 

temporelle pourrait inclure des conditions météorologiques et océanographiques qui pourraient ne 

pas être mises en évidence dans les données actuelles. Il serait aussi possible de calculer la 

fréquence d'occurrence conjointe d'autres paramètres relatifs aux vagues, comme leur période. 
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1 Background 

1.1 Maritime Helicopter Project 

The objective of the Maritime Helicopter Project (MHP) is to replace the current maritime 

helicopter fleet, composed of CH124 Sea Kings, with a new fleet of 28 CH148 Cyclone 

helicopters. The Cyclones are based on the Sikorsky H-92 helicopter, with a mission system from 

General Dynamics Canada. The project also includes a long-term in-service support program and 

training facility, and will require modifications to the RCN’s Halifax class (HFX) frigates. The 

project will address the operational deficiencies and increasing difficulties involved in supporting 

the current CH124.  

1.2 Environmental requirements  

The CH124 Sea King was originally designed as a single-role anti-submarine warfare (ASW) 

helicopter. The 1994 Defence White Paper [2] called for multi-purpose, combat-capable armed 

forces; the CH124 replacement therefore requires a multi-role capability. The 1999 Maritime 

Helicopter (MH) Statement of Requirements (SOR) [3] stated that: 

The MH will normally be operated from flight decks on 

Canadian navy DDHs, FFHs and AORs, and from shore facilities 

that will include both airfields and unprepared landing areas. The 

MH and aircrew must be prepared to operate in a harsh maritime 

environment, in tropical, temperate, and sub-Arctic conditions 

and, potentially, in a nuclear, biological and/or, chemical warfare 

environment. 

and 

The MH and associated equipment will be subjected to extremes 

of temperature, wind, humidity, icing, salt spray, and turbulence 

typical of operations ranging from Canada's sub-Arctic to 

tropical locations throughout the world. The MH will be 

expected to operate from sea level to 10,000 feet above sea level 

(ASL), in inclement weather and heavy seas, day and night, from 

both embarked and austere shore-based locations.  

In order to determine where, when, and to what extent extreme environmental conditions that 

could impact the operation limits of the CH148 might be encountered, DRDC was requested by 

Mr. T. J. Caron, DGMPD PMO MHP SEM 8-3 to perform an evaluation of the frequency of 

occurrence of extreme weather conditions (sea state and temperature). An initial report on sea 

state and temperature statistics was provided on 3 October 2012 [1]. An extension of that 

information was requested to provide more detailed tabular values for potential operational areas. 

This report provides the requested information.  
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2 Global sea state and temperature data 

To meet the requirements of estimating the frequency of occurrence of various temperature and 

sea state conditions at the same time, a dataset with contemporaneous wave and temperature data 

was required. For the purposes of this request, global gridded databases were chosen, both to 

provide sufficient geographic extent for the analysis and to eliminate bias caused by sampling 

density that might occur with point-source data such as buoys. 

2.1 Temperature data 

Marine temperature data can be acquired from a number of sources. These include buoy and ship 

data, data from sonde observations and aircraft, and temperatures derived from satellite 

observations. The temperature datasets selected for the purposes of this report were obtained from 

the U.S. National Oceanic and Atmospheric Administration (NOAA) Earth Sciences Research 

Laboratory Physical Sciences Division. Two immediately applicable sources of data were found 

here, each of which was obtained from the NCEP/NCAR (National Centers for Environmental 

Prediction/National Center for Atmospheric Research) Reanalysis 1 Project [4]. This project 

assimilates data from all the above-mentioned sources, and provides a set of gridded outputs 

based on the observed data and the NCEP global spectral model. These outputs include 

temperature and wind profiles, humidity, precipitation, and surface fluxes. 

 

The first dataset (used in the initial report [1]) is a set of four-times-daily gridded near-surface 

temperatures. The temperatures provided are air temperature at a 995 sigma level, i.e. a pressure 

level corresponding to 38 m above mean sea level (see Figure 1 for an example). The 

temperatures are instantaneous values provided on a global grid with a spatial resolution of 2.5º in 

both latitude and longitude. This data is classified as category A by the NCEP/NCAR Reanalysis 

Project, indicating that it is strongly influenced by observed data and is thus the most reliable 

class of data. 

 

The second dataset is similar to the first – it is gridded temperature data with a frequency of four 

times per day. The provided temperatures are air temperatures at a height of 2 m. The main 

differences are that the temperatures here are 6 hour forecast temperatures, and that they are 

classified as category B, rather than category A. This indicates that the 2 m height temperature 

data is not as reliable as the first dataset – although the temperature values are directly affected by 

observed temperatures, they also have a strong dependence on the NCEP model. It should also be 

noted that these data are provided on a Gaussian latitude-longitude grid rather than a uniform 

grid. Figure 2 shows an example of this temperature data, corresponding to the date and time of 

the data in Figure 1. The 2 m height temperature data show very similar spatial characteristics, 

but cover a slightly broader range of values. 
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Temperature data were acquired for 2006 through 2011 for the purposes of this statistical 

analysis. Further data are available from 1948 to the present, but time constraints did not allow 

the analysis to be extended over a longer period. It is possible that the analysis undertaken here 

will therefore fail to capture examples of meteorological and oceanographic conditions that 

change or oscillate over longer time scales. For example, the Pacific Decadal Oscillation (PDO) 

generates sea-surface temperature anomalies, primarily in the North Pacific Ocean (north of  

20º latitude). The PDO index was negative for 53 of the 72 months of this analysis, yielding 

cooler tropical temperatures and warmer temperatures in the North Pacific. Conversely, the 

Atlantic Multidecadal Oscillation (AMO) index was strongly positive for almost all (67 of  

72 months) of the time period of this analysis, indicating warmer than average North Atlantic 

temperatures. Finally, climate change is highly likely to cause a long-term warming trend, 

particularly in Arctic and sub-Arctic regions.  

2.2 Wave height data 

The significant wave height data was obtained from the NOAA National Weather Service 

Environmental Modeling Center. Significant wave heights (the mean wave height of the highest 

one-third of waves) were computed using the WAVEWATCH IIITM wave model [5], which uses 

operational NCEP products as input. Model forecasts are available every three hours, on a  

0.25º global grid between 77.5º S and 77.5º N. An example is shown in Figure 3. Significant 

wave height data are available for the period of August 1999 to the present. For the current 

analysis, data was acquired for 2006 through 2011. 

 

The WAVEWATCH IIITM model is a physics-based model that uses observationally-influenced 

oceanographic and meteorological fields for input, but it does not currently assimilate observed 

ocean wave data. Although NOAA does not provide a direct comparison to the classification of 

data category as provided for the temperature data, the significant wave height data from the 

WAVEWATCH IIITM model should therefore not be assumed to be as reliable as the category A 

data (which is strongly influenced by direct observations). Nevertheless, in comparisons to both 

other wave models and to ground-truthed data, the WAVEWATCH IIITM model has been shown 

to perform well [7]. Data are also available from the wave model for peak and mean wave periods 

and directions, wind speed and direction, and wind sea direction and period. Joint frequencies 

could be generated with these variables in addition to the joint temperature-wave height 

frequencies.  
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Figure 3:0-hour hindcast wave height and direction model output for 12:00Z for  

30 October 2012, from NOAA NWS/EMC WAVEWATCH III model [6]. 
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3 Analysis and results 

3.1 Processing 

The joint occurrence dataset was created on a 2.5º global grid between latitudes 77.5º S and 

77.5º N, matching the temperature data. The 995 sigma level temperature data were already 

gridded on an evenly spaced–longitude grid. The 2 m height air temperature data were re-gridded 

from the Gaussian-spaced grid to the evenly spaced grid before being further processed. Eighteen 

temperature bins (less than -40 ºC; from -40 ºC to +40 ºC in 5 ºC intervals; and greater than 

+40 ºC) and eleven wave height bins (for significant wave heights below 1 m; from 1 m to 10 m 

in steps of 1 m; and over 10 m) were defined. For each set of daily wave height data at 00Z, 06Z, 

12Z, and 18Z, the matching temperature data set was determined, and the number of occurrences 

of each wave height at each temperature was totalled at each latitude and longitude grid point for 

every month. This results in an array of size 14463121118 (longitude, latitude, month, wave 

height bin, and temperature bin). A second array gives the total number of modeled wave heights 

for each longitude, latitude, and month, to eliminate the effect of land grid points. 

 

Some changes were made in the data processing from the previous analysis [1]. An error in the 

centering of wave height data bins was corrected. Of more concern, particularly near the poles, a 

weighting term (based on the cosine of the latitude) was introduced to eliminate bias caused by 

the spacing density. Both of these changes will reduce the frequency of occurrence of extreme 

events near the Arctic. 

3.2 Temperature-wave statistics 

The temperature-wave height statistics can be viewed in a number of ways. Figure 4 shows the 

frequency of occurrence of high significant wave heights (greater than or equal to 5 m) and cold 

weather (-10 ºC and below) over the course of a year, for the whole globe, for both the 995 sigma 

level temperature dataset and the 2 m height temperature dataset. These occurrences are found 

near the Antarctic, and the Greenland, Siberia, Alaska, and Labrador coasts, and are quite 

uncommon (they are also likely to be limited mostly to the winter seasons). It is also evident that 

the differences between the two temperature datasets are small. 

Figure 5 shows the frequency of occurrence for high waves (again greater than or equal to 5 m) 

for warm weather (30 ºC and above). Again, statistics are nearly identical for the two temperature 

datasets. The frequency of occurrence is overall a bit higher than for the cold temperatures, with 

most high wave/high temperature conditions occurring in the Northern Indian Ocean, the South 

China Sea, and some occurrences in and around the Eastern Caribbean.  
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Figure 4: Maps showing frequency of occurrence of 5 m or greater significant wave height with 

temperatures less than or equal to -10 ºC at 995 sigma height (top) and 2 m height  

(bottom) throughout the year. Frequency scale is from 0% to 1%.  
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Figure 5: Maps showing frequency of occurrence of 5 m or greater significant wave height with 

temperatures greater than or equal to 30 ºC at 995 sigma height (top) and 2 m height  

(bottom) throughout the year. Frequency scale is from 0% to 5%. 
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To express these frequencies more quantitatively, the ocean basins were subdivided into eight 

regions: the Indian Ocean (30º N to 77.5º S, 30º E to 130º E); the North Atlantic (77.5º N to 25º 

N, 75º W to 30º E); tropical Atlantic (25º N to 25º S, 70º W to 30º E); South Atlantic (25º S to 

77.5º S, 70º W to 30º E); Caribbean (10º N to 30º N, 80º W to 60º W); North Pacific (77.5º N to 

25º N, 120º E to 90º W); tropical Pacific (25º N to 25º S, 120º E to 70º W); South Pacific (25º S 

to 77.5º S, 120º E to 70º W). The regions are shown in Figure 6. 

 

 

 

Figure 6: Regions for wave-temperature statistics tables. Blue – Indian Ocean;  

green – North Atlantic; red – tropical Atlantic; purple – South Atlantic;  

grey – Caribbean; pink – North Pacific; orange – tropical Pacific;  

brown – South Pacific. 

For each region, the annual frequencies of occurrence for joint wave heights and temperatures 

have been tabulated, along with the cumulative statistics. The same has been done for each season 

(i.e., January–March, April–June, July–September, and October–December). Because the 

statistics are quite similar, only the tables for the 2 m height temperature dataset are compiled 

here. 
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4 Conclusions 

Tables of joint frequency of occurrence for significant wave height and temperature have been 

generated for various areas of the world’s oceans. Unsurprisingly, extreme combinations of 

temperature and wave height are rare – nevertheless, they do occur. Hopefully this data will assist 

in determining when, where, and how often these extreme events occur, and provide valuable 

information for determining the requirements for operating the CH148 Maritime Helicopter in all 

environments. 
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