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ABSTRACT

This report is a study of the Beaufort Sea wave climte for the
Northern Ol and Gas Action Program Extrene waves were estinmted
usi ng nodel ed wave data and the joint probabilities of storm and ice
conditions. A shallow water wave nodel was devel oped. This was used to
hi ndcast a set of past Beaufort stornms. Scientific errors were
estimated for each stage of these anal yses.
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PREFACE

This report has been prepared as part of:

NOGAP Project B.8 "Beaufort Sea Wave d i nate”

NOGAP i s an acronym for a Canadi an Governnment sponsored program call ed
the Northern G| and Gas Action Program This was coordi nated through
the NOGAP Secretariat within the Departnent of Indian and Northern
Affairs.

The specific project B.8 was arranged by the Ocean Science
Affairs Branch of the Departnent of Fisheries and Cceans. Production
of the report was carried out within the Marine Environnent Data
Servi ce Branch, and under the direction of Dr. R W] son.

It has been the author’s task to neet an objective which was
stated: "To accelerate the devel opnent of wave clinmate know edge of
the Beaufort Sea in order to ascertain the appropriate techniques to
be used in estimating design wave paraneters and devel op estimates of
the paraneters and their reliability.”

To this end, many people have addressed their efforts. These
groups wer e:

Department of Fisheries and COceans
— Marine Environnment Data Service Branch (MEDS)
Ccean Information and Systens Division;
Dat a Managenent and User Services Division;
Wave O inmate Study
— Bedford Institute of Cceanography
— Canadi an Hydrographi c Service

Envi ronnent Canada

— Canadian Climate Centre
Climate Applications Branch;
Arctic Meteorol ogy Section

— Arctic Weather Centre

and Scientific Services Division — Wstern Region

— lce Centre

I ce Aimtol ogy Division

Energy, M nes and Resources
— Canadian O and Gas Lands Adm nistration (COGLA)
Departnent of Supplies and Services

— Sci ence Branch
Sci ence and Professional Services Directorate

And under contract to this project:
Macl aren Pl ansearch Limted, Halifax

Seaconsult Marine Research Ltd., Vancouver
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EXECUTI VE SUMVARY

The Northern G| and Gas Action Program (NOGAP) was a federa
program policy aimed at ensuring governnent preparedness in dealing
with Beaufort Sea hydrocarbon devel opnent projects. DFO recognized
that nmarine environmental information was required for governnent
regul ation of designs of structures, islands and facilities. As a
consequence, it submtted a proposal to carry out certain studies
concerning the wave climate in the Beaufort Sea. This was accepted and
given the project nanme B.8: "Beaufort Sea Wave Climate”.

The purpose of the B.8 was to evaluate limtations of present
knowl edge of the wave climte and hindcast technol ogy. This depended
on the devel opnent of the necessary hindcast techniques and wave
climate information. Well proven nethods used in Canada's east coast
Hi bernia and Scotian Shelf oil fields, were not necessarily applicable
to the arctic climte because of the presence of ice, shallow water
and arctic meteorology. A review of previous Beaufort studies showed
results for the 100-year significant wave hei ght, ranging fromabout 5
to 15 neters. The review also high: lighted the dependency of the
anal ysis on the approach to a statistical analysis and the design of a
hi ndcast net hod.

The primary reference for this DFO study was a report by
D. O Hodgi ns—1983 entitled "A Review of Extrenme Waves Conditions in the
Beaufort Sea”. This report reconmended that the approach to an extrene
wave estimte from extrapol ated data, was a joint probability analysis
using marginal distributions specific to storm populations and ice
conditions. In response, the B.8 project had to inplenent a nodern
hi ndcast nodel, coupled to a joint probability approach to handle
storns and ice. O nmmjor inportance was to
conduct a careful analysis of the sources of variability affecting
t he hindcast results.

Estimates of the accuracy for extrapolated return period wave
hei ghts, depends on three factors. The probability distribution nust
apply to a set of stationary and independent hindcast wave data. From
this there is a determ nable |evel of confidence for the extrapol ated
extrene values. Also, the statistical analysis depends on wave data,
whi ch has errors due to hindcast nodeling. Statistical procedures were
examned in this DFO study under the heading of: ”"Joint Probability
Extremes”. The wave nodeling was examined in this study under the
headi ng: ”Storm Hi ndcasts”.

Joint Probability Extrenes

Past studies have assuned, but not denonstrated that the joint
probabilities of ice and wi nds had been properly accounted for.

The Beaufort Sea is a narrow stretch of water. One side and the
end are shallow waters over a continental shelf. The polar pack ice
advances and retreats over deep water, bordering the north side with
vari able concentration fields of ice floes. The naturally varying
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storm wi nds were randomy restricted by the ice conditions, producing
yearly maxi mum waves often under very different conditions. This study
exam ned the inpact of the variable Beaufort ice and weat her patterns
on the extrapolated value of the 100-year wave. It showed that the
joint probability of the interaction of these factors was inportant in
determ ning the extrene events.

The first step of the study was to extract the position of the
ice edge fromthe weekly ice charts for the past thirty years. These
were classified by fetch length, and sunmarized by nonth. Al so there
are three types of storns over the Beaufort. One is a small arctic
di sturbance. The second is a large extratropical cyclone. The other
type are gal es produced by the prevailing high pressure systens. G ven
pl enty of open water, the waves produced by these storns depend on the
path the storm takes over the area, the direction of the w nds and
their speed. Marginal probabilities for wind direction and popul ation
were cal culated from avail able references. The margi nal probabilities
of waves for fetch and wi nds were conbi ned.

For a given type of storm and for a specific ice edge |ocation,
the probability of extreme waves can be described by the FT-1
distribution. The joint probability analysis was used to identify
cl asses based on storm and ice conditions. This was followed by an
extrenme analysis for each class. Al classes were then reconbined
using the probabilities of their occurrence. This nethod was devel oped
as a logical extension of a design storm approach, Next, the class
probabilities were applied to the hindcast studies. Results showed
100-year waves for deep water nearly 30 percent higher than the
results for a sinple FT-1 analysis. This denonstrated that the nethod
used to estimate extrene waves should include sonme form of joint
probability anal ysis.

For return period waves of between 2 to 20 years, the results
showed extrenme waves could be produced by any type of storm during
open water providing fetches of 150 kilonmeters or nore. It al so showed
that for the nobst extreme waves, during very rare encounters of the
order of 50 to 100 years, there was a very great likelihood that these
woul d be produced only by large extratropical westerlies and under the
nmost open wat er conditions.

St or m Hi ndcast

A nore nodern hindcast nodeling of Beaufort storm seas, was
explored in the second part of the study. The first task was to
conpile a list of stornms to be hindcast and to acquire the data for
them The list was to include a set of the nost severe wave producing
storms. This was done by reviewing the avail able Beaufort wnd, ice
and wave data. Reliable coverage of ice, weather and waves was
avai l abl e for the years 1977 to 1985. Wndfields were produced for the
storms on the resulting list by meteorol ogi sts of Mclaren Pl ansearch
Ltd. using avail able weather data. The results were then reviewed by
the Canadian Climate Center.
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At the sanme tinme, DFO activities concentrated on maki ng necessary
additions to an available version of a Resio wave nodel. This was a
"spectral nodel”, which conputed two di nensional wave energy spectra.
It was intended to be used for large, uniform bodies of deep water.
The Bedford Institute of Technol ogy added shal |l ow water equations. BIO
tested the nodel using the SWAMP and SWM nethods. The B.8 study
exam ned the nodel for growh over a conplicated bathynetry. Mny
results were unrealistic when conpared to the physical characteristics
descri bed by JONSWAP and HYPAS. The study changed coefficients in the
spectral equations where they conflicted with JONSWAP. Problens within
t he nodel procedure, had been caused by inaccuracies in tinme-step and
space—grid cal cul ations; and the evaluation of spectral paranmeters in
shal | ow water. Mathematical changes were nmade to the analysis of wave
propagation, growth, and bottom interaction. Tests showed i nproved
results.

The selection of stornms were then hindcast using the w nds and
weekly ice conditions. The nodel input was three hourly wnds on a
grid of 25 km squares describing the Beaufort Sea. Each storm had
specific open water defined by a "solid” ice edge (taken at the one
tenth ice cover boundary). This was fixed for the conplete hindcast.
Water depth was overlaid on the grid. The nodel calculated two
di rensi onal wave energy spectral growh at each grid point. During the
course of the storm wave growth depended on wi nd speed and direction,
wat er depth and the existing energy spectra. Qutputs were significant
wave height, peak period and average wave direction for each grid
poi nt at every three hours.

Modeling errors were quantified by conparing tinme series to
avai l abl e records of wind and wave conditions, and this report shows
these results. Many stornms showed good agreenent. Typical differences
bet ween wave neasurenents and well nodeled seas were of the order of
10 percent for a storm peak wave height at any location. For these
storms the growth, peak waves and decay of the nmeasured tinme series
were well nodeled by the hindcast. Storns that were characterized by
rapidly changing wnds, or that <caused the ice edge to nove
substantially, were not well nodeled. The shallow water effects were
not well nodeled in depths | ess than twenty neters.

Finally, to end this study, an evaluation of the entire process
was made in order to determne the usefulness and limtations of the
met hods and results incorporated in the study. Maclaren provided an
error analysis of their wnd data. It showed statistical differences
between w nds derived from a neteorological analysis and observed
winds during each storm Seaconsult Marine Research Ltd. Was
contracted to hindcast a few of the storms, using the Maclaren w nds.
These stornms were chosen to investigate sone of the problens with the
DFO hi ndcast nodel. Results were very simlar. They concluded that the
hi ndcasts were limted by wind errors. The Seaconsult study al so nade
sone progress toward a better understanding of waves in the nost
shal l ow Beaufort water. This was acconplished in an experinmental
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hi ndcast of a storm for which extensive shall ow wat er neasurenents had
been nade during a separately funded experinment.

Techni cal notes on Beaufort data and the conplete work done for
the first part of this study, are available from MEDS. Mbdel inputs
and outputs were archived on nmagnetic tape. A report by MacLaren on
winds, and wind errors has been nmade avail able through this NOGAP
project and the Canadian Clinmate Center. A report on the Seaconsult
hi ndcast contract has been made avail abl e through this NOGAP proj ect.

Extreme Wave Esti mate

A sinple FT-1 probability plot was done using wave data fromthe
hi ndcast and neasured records. A reference region was chosen as the 30
meter contour through the petroleum fields. Yearly nmaxi num wave
hei ghts along the contour were extracted from the storm hindcasts.
Were the stornms had been poorly nodeled, any existing wave
nmeasurenents were blended with the hindcast data. As a result, the
| argest waves of the final list, were from a storm that had
uncertainties in the ice edge novenent and no neasurenment coverage.
The return year plot for these data showed a 100-year wave of about 6
net ers.

However, the analysis was limted by several circunstances. The
data set represented a very short list of years. Another limtation
was, that hindcast nodel errors could not be properly corrected using
wave neasurenents. Also, the nethod did not account for the joint
probability of storm waves being randomy restricted by the variable
Beaufort open water area. Finally, the shallow water wave physics
change as the waves increase in size, It has not been shown that data
representing these conbined effects can be extrapolated using a
straight forward FT-1 plot.
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Concl usi ons

This study denonstrated that nodern nethods were a route towards
a desirably inproved Beaufort Sea wave climatology. The wind data
produced by MacLaren were determned from a conplete analysis of all
avai | abl e nmet eorol ogi cal information. The hindcast wave data provided
accurate information about waves during storms which could be properly
nodel ed. Reconmendations of this study are for further inprovenents to
t he wave hindcast nethodol ogy. Final hindcast data could be enhanced
by bl endi ng nodel ed waves with neasured waves. But, enphasis nust be
pl aced on ensuring the reliability of the nodel. Inprovenents to the
wave nodel should be made to show effects of noving ice and rapidly
changi ng wi nds. Further research into very shallow water nodeling has
been recomended as a result of the Seaconsult study. In the end, a
conplete set of hindcast wave error statistics should be produced
usi ng neasured waves. Finally, an extrene wave estimate nust include
the joint probabilities of ice and w nds.
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| NTRODUCTI ON

The Beaufort Sea is a prolific arctic ecosystem which overlies a
substantial petroleum field. Petrol eum exploration and production has
been intensive on the continental shelf area, offshore of the
Tukt oyakt uk Peni nsul a. Between the years 1973 and 1984 at |east sixty
four wells had been sunk in depths of 2 neters, to over 50 neters.
Approximately twenty of these were from sem —permanent gravity
structures (such as artificial islands, and berm supported caisson
structures). A general wave clinate and estimates of the probable
extrene waves are needed to design facilities for the unique Beaufort
climte.

For nost of the year, the area is ice bound. For the other 50 to
100 days during the July to October season, offshore structures and
construction projects are subjected to |oads induced by waves. Spring
breakup begins sonetine during late July or early August, and in the
sout heast corner of the Beaufort between Banks island and the
Tukt oyakt uk—Peni nsul a. The ice recedes to the north and west resulting
in an open water area slightly larger than, Lake Superior. For a year
of poor conditions, this would be its maxinmum retreat. During the
m d—season weeks of other years, the ice breaks abruptly along the
west coastlines (north of Alaska). For a fair year the ice surrounds
the sea, but open water extends about 450 Kkilometers from the
Tukt oyakt uk shelf area to the west and northeast. A good year is a
maxi mum w thdrawal of the tenporary ice, to the boundary of the
per manent pol ar pack. The geonetry of the open water is then a 200-300
km w de stretch, along the west coast of Banks Island to the shelf and
then west along the Al askan Coast to the Chukchi Sea.

Common sumrer storms nobve across the open water, generating two
to four neter waves. The size of these waves depend on the force of
the wind and the area of water covered by the storm Huge storm
systens will only generate nodest waves when ice conditions are poor
Small storns also produce nodest waves for even the best ice
conditions. However there is a risk that a large stormw th extrenely
strong winds will pass over the Beaufort during a tinme of maxi num open
water. The size of these waves are estimated from the statistics of
the worst of past years storns.

Waveri der buoys have provided wave neasurenents since 1974, with
up to six buoys being deployed for a given year, and in depths of 15
to 70 neters. Sea state nodeling, using available wind data, has been
the nmeans to provide wave data where neasurenents are | acking.
However, data coverage of both wind and waves, has been sparse and
only reliable over about the past decade. Estimation of extrene waves
are sensitive to the assunptions and techniques used in the analysis
of this short data base.

The purpose of this DFO study was to exam ne net hodol ogi es which
lead to a better assessnent of the Beaufort wave environnent. There
have been two reviews of historical extrene wave estinmates in the
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Beaufort Sea. The first was done by Dr.D. O Hodgins in 1985. A second
review was done by Murray and Maes in 1986. Both studies agreed that
further efforts should be made toward an i nproved wave cli natol ogy.

To inprove long term estimtes, statistical analyses should
include multiple distributions separating the waves generated by
different populations of storns and during various ice conditions.
These would then be conbined to give the joint probabilities of
occurrence.

To i nprove wave data, the references reconmended that sonme twenty
storms be selected for hindcasting. Wnds for these storns should be
produced from a conplete isobaric and kinematic analysis. Wve
hi ndcasti ng shoul d use energy spectra nodel s.

Enpirical evidence and statistical theory have shown that a set
of stationary and independent yearly maxi num wave hei ghts have a FT-1
probability distribution. These data can then be plotted according to
a formula. When plotted, extrapolation can give estimtes of the risk
of extrene waves.

Waves caused by different types of stornms are not stationary.
Stationary, neans that for all of the waves of a storm popul ation, the
variability of wave heights is caused by the variability of a set of
storm paraneters with a single joint probability distribution. Storns
of different origins have different general physical structures and so
will have different joint variance of their paranmeters. These cases
are generally divided into marginal distributions of waves of a given
storm popul ation. The data is plotted on its specific distribution
Then, the results are conbined according to their respective
probabilities of occurrence.

In the Beaufort Sea, the physical structure of the systens that
generate storm waves change in two ways. There are stornms of severa
different populations. There is also the presence of variable polar
pack ice. The presence of this marginal ice can shorten the fetch of a
passing storm By doing this, the ice adds another paranmeter to the
wave climate.

The objective of the DFO study in this report, was to inprove the
Beaufort wave climatology. This would be acconplished by hindcasting
past storms using exacting wind data and wave nodeling. These storns
woul d be divided into their marginal classes of conditions. From the
joint probability analysis, the wave heights could be extrapol ated for
a level of risk.

Problems arise with the Beaufort Sea studies. The data base
covers too few years. This neans that there is too little data to show
very much about each of the marginal distributions. Also the wind and
wave data is sparse, inplying greater uncertainty in the hindcasting
process. Also the available wave nodel needed to be developed to
adequat el y hi ndcast these storns.

The first step in this study was to determne the inplications of
a joint probability approach to the extrenme wave clinmate. This was
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acconpl i shed by nodeling waves generated by projected storm and ice
conditions. This was to deternine paranmeters of the climate, to which
long term statistics were sensitive. It was also to show the errors
that m ght occur if this joint probability approach was negl ected.

The second step of the study was to produce inproved storm
hi ndcasts. Even if the data base was short, the data that 1is
.avail abl e should be used to the best potential. These results can be
applied to exam ne the Beaufort system show short term statistics and
formthe basis for future data collection

The hindcasting study exam ned the l|evel of sophistication of
nodel i ng needed to produce reliable hindcast wave data. It showed the
results of the best wind information attainable from past weather
data. It was able to show reliable results for many kinds of storns.
Needs for inprovenent or areas for developnment were identified for
future reference.
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PART ONE

EXAM NATI ON OF THE CLI MATOLOGY
1. | nt roducti on

Part One examnes the statistical procedures necessary for
estimating extrene waves in the Beaufort Sea. The objective was to
determne a return year wave height which included the |oint
probabilities of storm popul ations and ice conditions. The method was
to conbine results of historical hindcasts with statistics of w nds
and ice conditions. The study began with a review of the Beaufort Sea
probl em

Maxi mum storm waves may be defined as the maxi num significant
wave height which has occurred during a single storm at a given
| ocation. Yearly maxi num waves are the highest waves during a specific
year, at this location. The probability that a certain extrene wave
hei ght will be exceeded is determined froma statistical analysis of a
set of these yearly maxima. The analysis is acconplished by fitting
the data to a probability distribution function and extrapolating. A
probability value is often referred to as a return year risk, such as
t he 100-year wave.

Over the past ten years several extrenme wave clinatol ogi es have
been produced for the Beaufort Sea. A review of these was witten by
Hodgins in 1983. A further assessnent of the nost reliable studies was
reported by Murray and Maes in 1985. Reports on the East Coast of
North Anerica provide a general discussion of current state—of-the-art
met hodol ogies (WIlson and Baird — 1984, Resio 1982). These reports
descri be nethods which obtain wave data from hindcasting of storm
Wi nds. The reasons for limtations of predicting long term climtes
were as follows. Relatively short data bases cause | arge uncertainties
when extrapolated to extremes. For twenty years of data, a 100 year
return period wave could be estimated to within +/— 2 neters. Miltiple
popul ations of conditions show different distributions of extrenes.
Differences result by assumng different probability distribution
functions for the sane dat a.

These points are interrelated causing a conplication of the
problens. In the Beaufort, as is often the case, short data bases
extrapolated to long term events, are sensitive to the assunptions of
the statistical analysis. Data bases about half the length of the
maxi mum extrapol ated return period, can be used to find a probability
di stribution function which best fits these data. However, short data
bases have too little information about the extrenme tail of the
function, to give nmuch certainty about goodness of fit.

This statistical method has constraints; the series of annual
maxi ma nust be independent and identically distributed. That is, the
distribution nust be a constant from storm to storm |If the storm
popul ation is not stationary (multiple storm types), the wave data
must be plotted according to storm and then conbi ned using nethods of
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joint probabilities. For exanple, East Coast studies (WIson and
Baird, 1984) showed that if wave data were broken down by storm
popul ati on, each set extrapolated and reconbined according to the
joint probabilities of each set of events, the results were different
than for the original undiscrimnating analysis. Possibly three storm
popul ati ons have been identified in the Beaufort Sea.

A second constraint on the analysis of the Beaufort waves is the
presence of shallow water. The statistics of shallow water waves can
differ considerably from those derived for deep water. In unbounded
deep water, the significant wave height is generated by the w nd speed
and duration of the storm Therefore, the wave height probabilities
are closely associated with the natural variation of the storm w nds.
Typi cal yearly maxi mum waves have peak periods nmuch shorter than the
nost extrenme waves. At sone hindcast point, these shorter waves nay
not be affected by bottom interaction and show variation simlar to
the wi nds. However, the extrapolated extrene waves w |l have | onger
wave |engths and m ght be touching bottom In this case the bottom
i nteraction changes the physics of the extrenme tail of the probability
distribution, from wi nd only generation to wi nd generated and bottom
restricted waves.

Anot her physical influence on wave growh which mght not be
apparent in-the typical yearly maxi mum wave height values, is the
effect of a fetch limt on the open water boundary. For a sea the size
of the Beaufort, storm waves often develop as if they were unbounded
by the shores. These waves mght be restricted by the size of the
storm The waves mght be limted by the duration of the storm O the
waves m ght reach the maxi num size possible for the given w nd speed
of the storm Al of these conditions are typical of unbounded storm
systens which, statistically, show the FT-1 return periods. However
for the conditions which produce the npbst extrene waves, storns are
| arge, long and have very strong wi nds. These wave conditions may not
reach the potential of the storm due to the up-wind or down-w nd
coastline. Inposing a fetch limt on the extrene val ue extrapolation
is more involved for this case than for shallow water effects.

In the Beaufort Sea, fetches vary with the ice conditions. This ice
can limt the area of water exposed to the wind field of a passing
storm The Beaufort environnment has storns which are |arge cycl ones
with diameters of over a thousand kilonmeters. These wind fields are
often much larger than the open water. To hindcast the hei ght of waves
generated by these storns, one nust use the speed of the wi nds as they
rise and subside with the storm and the length of the fetch over
whi ch they blow. However sone years have maxi mum waves produced when
the ice is withdrawn and the storns are weak or small. So the extrene
hei ght extrapolation is conplicated by the fact that the data base of
yearly maxima contains waves produced during fetch restricted
condi tions and waves produced when the stormis effectively unbounded.

The exam nation of the clinmatology begins with a description of
the extreme wave information available for the Beaufort. The joint



Directory  Table of Contents

DFO 7

probabilities of stornms and ice were calculated to show estinmates of
long term waves. Wave and other data were taken from avail able
sources. The approach of the analysis was to assume that the FT-1
distribution describes the basic stationary wave environnent. Storm
popul ations were first separated into classes. To each of these storm
anal yses, the physical influences of shallow water and ice edge bounds
were then used to scale the heights of the data and extrene val ue
esti mates. The sequence of the study shows the nobst l|logical route to
under standi ng the nature of the Beaufort environnment system

2. Measured Wave Data Extrenme Wave Hei ght Esti mates

Waveri der buoy data has been collected in the Beaufort since the
md 1970's. A denonstration of an extrene wave estimate using these
data, was shown in Hodgi ns—1963. This DFO study repeated his work
using yearly maxi mum wave heights, taken from data archived at MEDS
for the years 1977-1983. A straight forward FT-1 plot of the data
showed a 100-year wave of about 4.8 neters.

These estimates assuned that the Waveriders were in operation
during the conpl ete open water season. lce statistics (see a follow ng
section) were conpared to the periods of Waverider operation. For the
conpl ete MEDS data records from 1974-84, the buoys were in operation
for:

— 85% of the tine during which an extensive west fetch was open;

- 67% of the tinme during which an extensive north east fetch was
open.

A second limtation to the analysis was that the Wveriders had
been anchored at many different |ocations over these years. Wave data
were influenced by windfield definition and shallow water effects.
Very strong depth influences on wave height make it difficult to
conpare data fromdepths differing by nore than a few neters. Although
there my be a fairly wuniform wind pattern over the Beaufort,
Waverider data at the sanme depth and during the sane storm but at
| ocations about 150 km apart, show wind waves of very different
hei ght s.

To inprove the estimate, depth effects could be negated by
scaling the neasured wave spectra using contenporary shallow water
wave theory. However there are too few buoys deployed each year to
form a definition of a storm wave field given the spatial variation
descri bed above.

A probl em expressed by Hodgi ns about his analysis, was that the
data were taken from "arguably, two different storm popul ations”.
There is no direct way of determning the storm type from the
measur enents of waverider buoys.

So, the major problens of this type of analysis were to be solved
by introducing windfield data. These show storm types for the joint
probability analysis of wave heights and storm popul ati ons. H ndcast
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wave data, from these winds and ice data, then provide spatial
descriptions of the stormwave fields. The Waveri der data were used to
support the hindcast wave nodel results, by providing estimtes of
errors. Some further use of the neasurenents included identification
of poor wi nd or wave nodeling procedures.

3. Hi storical Extrene Val ue H ndcast Studies

The general application of wave hindcasting provides data where
measurenents are |acking. Several independent studies have been
carried out for the Beaufort Sea in the |ast decade, each producing a
summary of return year wave height estimtes. These were reviewed by
Hodgi ns—1983. Wen data for each study was plotted using the FT-1
plotting formula, the return year waves were all about the same. These
showed a deep water 100-year significant wave of about 6 neters (when
each was adjusted for noted limtations in the source data). For the
short data bases of 10 to 20 years, 100-year statistical confidence
[imts were fromabout 4.5 to 8 neters.

Hodgi ns stated in his review that the estimates did not show the
joint probabilities of the storm popul ation or effects of the variable
ice edge. The straight forward plot of yearly maxi num waves was not
valid, in that the data did not necessarily represent identical
distributions. First of all, the waves were produced by storns from
different populations. Secondly, some wave heights were severely
restricted by the fetch outlined by the polar pack ice, where as other
data derived from conditions governed solely by the storm fetch and
dur ati on.

An attenpt was nmade by the | SR study (Hodgi ns—1983), to estimte
extrenme waves using the joint probabilities of stornms and ice
conditions. The study summarized w nd speed and direction and ice
restricted fetch length fromabout 30 years of data. Wave heights were
calculated for each of the conditions. The distributions were then
reconbi ned using the cal cul ated probabilities of occurrence. The major
limtation to this study was that the waves were assuned to be only
fetch limted by the ice edge. The stormduration and fetch (the storm
wind field) was not considered. Therefore their results were
necessarily too high. The study showed the 100-year wave in deep water
of about 10 neters, with inferred confidence Iimts of about 8 to 12
net ers.

The two types of studies showed a range of extrapol ated 100-year
significant wave heights froma value of 6 neters to a too high val ue
of 10 neters. The | ow value was derived fromdata that were sonetines
fetch limted and are biased low A review of these sane studies by
Murray and rmaes 1985, out-line the hindcasting errors associated with
the estimates. They have suggested that a deep water 100-year wave
height of 8 to 9 neters would be an appropriate estimte based on
their review of past hindcast studies.

The Murray and Maes assessnent |argely derived fromtheir review
of a design storm study by Seaconsult. This Seaconsult approach was
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simlar to the ISR study in that it attenpted to estinmate return year
wave hei ghts by nodeling extrapol ated wi nd data. The study differed by
using a design stormto describe the over water wind fields. However,
other storm types, wind directions or ice conditions other than the
nost open, were not consi dered.

The follow ng section describes the results of a conplete joint
probability approach to the design storm anal ysis.

4. A Model Storm Analysis of dimatic Joint Probabilities

The Seaconsult report for MEDS on the Beaufort Sea wave
climatol ogy (Hodgins—1983), described a design storm estimtion of
return year waves. A prototype storm was selected as being
commensurate with a popul ation of severe extra tropical cyclones which
devel oped intense, long duration w nds over an extensive fetch. This
stormwas synthesized into a design storm by nunerically adjusting the
baronmetric pressures to fit return year wind speeds. Al though it was
never shown that it would be possible for these central lows to
develop in this size of storm The resulting wind fields were
certainly possible (although the return periods of these have al so not
been substantiated). Referring to Beaufort Wather and Ice Ofice
(BWO) reports, showed exanples of stornms which were very simlar to
both frequent | ow wind storns and i nfrequent high wi nd storns, nodel ed
by the design storm

Wnds were taken from extrene value studies for all data, and
over the hindcast sites over the Mckenzie Delta. The BWO reports
i ndi cate occasionally yearly nmaxi num wi nds and waves, were devel oped
by alternative storm systens. Al so, the extensive westerly w ndfields
may have been locally intensified by coastline convergence and
secondary pressure systens produced near the coastal nountain range
(Earle - 1979).

Open water conditions are independent of stormw nds. A study was
done (Markham - 1975), that showed a relationship between the seasona
open water conditions and sem — pernmanent Arctic pressure systens.
Studies of both of these factors nmay indicate a correlation between
sone storm paraneters (eg. trajectory and local air tenperatures and
therefore ice conditions). However there is little correlation between
overall stormfrequency and seasonal ice conditions.

The nmethod used in this report, was to derive estimtes of
probabilities of storm size, trajectory, duration and resulting w nd
speeds and direction from available references. From these derived
wind fields, and for all ice conditions, waves were calculated. The
margi nal distributions of waves were reconbined according to the
probabilities of the ice and storns. The errors of the nodeling and
probability assessnents were estimted. Extrapolated extrene waves
were taken fromthe results. The nethod was simlar to the | SR study,
but used nodels of wind fields as in the Seaconsult study.

lce Statistics
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Probability distributions for fetch occurrences were cal cul ated
from seventeen years of ice chart data. Ship, satellite and airborne
observed ice concentration for the Beaufort Sea had been conpiled onto
weekly conmposite charts, and stored at the Ice Branch of the
At nospheric Environnent Service. An overview of these charts showed
that the Beaufort open water conditions could be described by the
extent of two independent fetches. One fetch opened up to the west
along the Al askan coast. The other fetch extended north-east along
Banks 1 sl and.

The charts showed ice conditions which were characterized by
three types of conditions. For each of the two directions there were
for a given week, either poor, fair or good conditions. Good
conditions were the nost open waters with a western fetch extending to
past 1,000 km Fair conditions had fetches of about 200 to 300 km
Poor conditions had fetches less than about 150 km Each fetch
condition, for each weekly chart was listed. Probabilities of ice
conditions were calculated for each direction and for each nonth of
occurrence. The final values showed the chance that a fetch would be
of a specific class for a given direction and nonth of all years.

W ndfi el ds

The next step was to determne return year wind fields. The
Seaconsult wind fields had been derived from neteorol ogical surface
pressure charts. Maxinmum return period wnds were determned by
extrapol ating extrenes for 10 years of sumrer season weather data. A
single extratropical cyclone with long duration westerly w nds was
selected to describe the wind field. For a return year storm w nds
were scaled onto the design storm isotacs. Each estimted w nd speed
defined the peak wi nds of the design stormfor the sanme return period.
All other winds within a return period storm were derived from the
subsequent|ly nodified pressure field.

Extrenme wind speeds were surmsed from historical estimates. A
study of winds for Sachs Harbour (east of the shelf area) by Berry et
al — 1975 and used by Danes and Moore in a hindcast study (see Hodgi ns
1983), showed 1 mnute, 1 hour and 6 hour return year w nds.
Hydr ot echnol ogy produced 1 hour w nds for Tuktoyaktuk (central to the
shel f) which were adjusted by 10% (see Murray and Maes — 1985). These
were very close to the Berry study. Brower (see Hodgins - 1983)
extrapolated 1 mnute winds from Point Barrow (west of the shelf) and
these conpared to the Berry study. Seaconsult design storns had w nds
of 3 to 6 hour duration. Each of the estinmates was based on a Gunbel
(or simlar) probability distribution function. Al studies showed a
cl ose agreenent (+/— 1 knot) when adjusted for duration. They also
showed that: to 300 km east or west of the Mackenzie Bay area w nds
coul d be described by a single general climate.

From the reference, wind fields were determned for the ice
restricted wave nodeling. The figure of the sinulated prototype
wi ndfield (Figure 2.22 of Hodgins — 1983) was scal ed and contoured.
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The contour winds were overlaid on a map of the sea, with the storm
centre located at each six hourly trajectory centre location (Figure
4.3 — Hodgins — 1983). Wnd profiles along the western fetch were
plotted, where a time history of the prototype stormin Mackenzie Bay
(Figure 2.24 Hodgins — 1983) was used for calibration and conpari son.
These winds, for the final section of the fetch of practically
parallel w nds, represents the relative intensity of over water w nd
velocity toward the hindcast site at each six hour interval of the
st or m peak.

Several points of description were noted. The wind field straight
fetch stretches over 600 km Before this the fetch was curved due to
the passing of the storm and subsequent redirecting of small waves.
The windfield is relatively constant over the fetch at each six hour
time point, particularly in length intervals equivalent to the
di stance a wave front will travel in the six hour intervals (about 200
km. The storm lasts about 24 hours and peaks for six hours at
m d-storm and md-fetch. Errors in assumng that the wndfield is
consi stent about the central |low during the stormare m ni mal since:

- up fetch winds in the early stages of the stormare close to the
storm centre which was renote from topographic features such as
nount ai ns and t he coast;

- down fetch winds were calibrated, to the time history plot for a
point at the end of the fetch.

St or m Popul ati ons

Descriptions of other types of storns were constructed for the
DFO study. Return year wnds, used in the design storm study by
Seaconsult had been calculated from all w nds over Mackenzie Bay.
Extrenmes, irrespective of direction, were extrapolated to return years
and assuned to be produced only by storns exactly I|ike the design
storms. This section exam ned the probability that extreme waves were
produced by other storm systens and/or fromother fetch directions.

Seasonal distributions of the design storm were taken from the
Seaconsult report. Severe storms producing westerly w nds along the
Al askan coast, were sunmmarized in a study by Hodgins — 1983. These
storns were classified by trajectory and counted by nonth for twelve
years of neteorological charts. The study showed that each popul ation
class had distinct and different seasonal distributions. For this
study, the probability that the prototype stormcane fromany of these
cl asses depended on the relative proportion of the class size to the
total of the three classes.

The design storm study did not ensure that the return period w nd
speeds, up w nd of hindcast sites, were representative of all [large
extra tropical cyclones. A review of the BWO seasonal storm sunmaries
and a study by Hodgins — 1983 indicated that these storns vary in
overall structure. The stornms often have troughs extendi ng south, over
the Mackenzie Shelf. The curvature, gradients, extent of pressure
fields, and the trajectory of the stormcentre vary between storns.
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A table of directional frequencies of strong winds (fromBerry et
al . 1975) showed directional frequencies of Beaufort w nds. The storns
were of several types and sizes. Therefore, an extrene wind study for
this report fit winds from large extra tropical cyclones, |[ocal
pressure ridges and troughs from anticycl ones and cycl ones, and snal
scale Arctic | ows.

Here it was assuned that the probabilities of the design storm
systens were reduced to the percentage of extrenme w nds from the
popul ation and direction, and that all stornms had equal return period
wi nds and differed only in size and characteristic wind directions.

Small  storm windfields were nodeled. The nmaxinum effective
fetches were taken as 150-250 km which resulted in a six to eight hour
effective duration. Over this duration, winds were constant at their 6
hourly peak.

Storm Traj ectory

The over water wi ndfield depends on the trajectory of the storm
Trajectory was defined as the track followed by the central baronetric
low. A reworking of the joint probability analysis was done to include
storm to storm variations in trajectory (for stornms of Seaconsult’s
prototype storm parent population). The method was to nove the
contoured windfield over trajectories selected from Figure 4.5 of
Hodgi ns — 1983, and renodel waves for fetch, wind and trajectory joint
probabilities.

The effective duration depended on the relative velocities of the
storm trajectory and the developing wave celerity. The trajectory
speed was taken to be equal to the speeds recorded for the prototype
storm over the sanme area of ocean (see Figure 4.3, Hodgins 1983).

Storns and | ce

Since the ice conditions had been classified by nonth, the storm
w nds were also distributed by nonth. The probability that the a type
of storm would hit during any given ice condition was conputed. This
was done by conbining the nonthly fetch probabilities with the nonthly
relative stormfrequencies for the storm popul ati on.

The joint probability was based on the assunption that there was
no correlation between storns and ice conditions. To test this
assunption yearly ice conditions were conpared to yearly totals of
severe storns. A general conparison of storm count to good or bad ice
conditions (as discussed in Markham-1975) showed no discernible
correl ation.

Wave GCeneration

The nmaxi mum significant wave heights were calculated for each
storm intensity and type, under different ice conditions. The wnd
field cal cul ati ons were taken such that the growi ng waves were exposed
to the maxi mum wi nds. Conparison of calculated wave heights from a
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Bret schni der nonbgram CERC equations and JONSWAP equati ons suggest
that the Seaconsult nodeled waves were 20% too high. These
cal cul ati ons were based on the JONSWAP equat i ons.

bservation of the results showed several aspects of the Beaufort
wave systens. For the nost restrictive ice conditions, the wave
hei ghts were nobst sensitive to the path of the storm Mire
inmportantly, there were equally l|large waves produced during either
i nfrequent open water with frequent storm w nds, and frequent poor ice
conditions with infrequent strong storm w nds.

Errors and Assessnent

Errors in the fetch—-storm probabilities were encountered in the
statistical summaries of the ice charts and storm records. In the
review of Seaconsult’s return year w nds, the season of w nds was not
defined. The joint probability analysis assumed this season to be July
1 to Cctober 31, as was the season for storm class summary. If this
season is taken for the earliest ice breakup to the |atest freeze over
(August 1 to Cctober 15) with the sane return period w nds conputation
of storm-fetch probabilities results in an increase of 5% for the 100
year significant wave height (Hs).

For the original probabilities, an error in the length of the ice
restricted fetch (ie. the 450 km fetch) of +/-50 kmresults in a 3%
variation in return year significant wave height.

If a shorter fetch is included by assum ng that 25% of the storns
will hit a fetch of 200 km and the | onger fetch
probabilities remain unchanged: the return year Hs increases by 1%

If the duration of the peak w nds increases from an effective
duration of six hours to eight hours: the return year Hs increases by
2%

The last three errors are windfield and wave nodeling errors. The

effect of these inaccuracies is small, since the proportion of the
joint probability calculation derived from short fetches is also
relatively small. In summary, the analytical errors were +/-5% w th an

additional possibility of 6% increase in Hs for anmbiguities in the
defined | ength of season.

The analysis of trajectory types were repeated for the various
return period storns and the joint probabilities conputed using the
percentages of trajectories. The above assunptions and their
respective errors showed a nmaxi mum expected increase in the 100 year
wave estimates of 0.6 neters or 5%

5. Resul ts and Concl usi ons

The results of this nodel storm analysis depended heavily on the
description of return year wind fields. Exam nation of the return year
w nd speeds from each of the historical Beaufort studies, suggested
that the nost reliable results were in agreenment. Measured wi nds from
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| ocations across the Mackenzie shelf area showed differences of |ess
than 1 ns. The design storm derived by Seaconsult was a good
representation of |arge Beaufort extra tropical cyclones. BWO reports
gave descriptions of smaller storns. These storms could be nodel ed by
short fetch, constant wnds. Statistics for the domnant storm
paraneters were taken from references. The occurrence of storns was
i ndependent of ice conditions. |Ice boundaries were sunmarized from 30
years of weekly ice charts.

Deep Water Waves

The probability (or return period) of exceeding a given
significant wave height was obtained by sumring the nmargina
distributions of waves generated under different ice conditions and
storm types. The results showed a 100 year significant wave of 8.0
nmeters with a peak period of 11 seconds. The estimate was insensitive
to the variations in the ratio of small stornms to large storns. Errors
of nodeling the return period wind fields resulted in a 7.5 to 9.0
nmeter range for the cal cul ated 100-year wave height. The statistical
confidence interval resulting from the 12 years of wnds and
extrapolated to about 20 years, was a further +/ - 1.0 neter. So the
range of values for the 100-year wave was between 6.5 to 10.0 neters.
This is reasonable for extrapolations of the short data base to beyond
four tinmes a reasonable period of twice the data base | ength.

The BWO report for 1984 shows yearly nmaxi mum reported waves for
ni ne years. A conparison of wind direction and ice statistics for each
year showed that at |east half of these waves were produced over
severely restrictive fetch conditions and from several directions.
This suggests only that yearly maxi mum storm seas have a possibly of
bei ng generated by any type of storm

The joint probability analysis showed that there would be an 88%
chance that the 100 year wave would be produced by a large extra
tropical storm Also, that there was a 65% chance that the |arge storm
woul d develop this wave over a maxinum fetch to the west. Together
these conditions would need only 10 to 15 year w nds of about 47
Knots. For 50 to 100 year return periods, there was a 90% chance t hat
the waves would be produced by |arge extratropical cyclones blow ng
over fetches exceeding 450 km It was concluded that waves produced
during times of open fetch by the population of |arge extratropical
cycl ones have a unique distribution, and that this differs from the
probability distribution for the sane storm popul ation over shorter
f et ches.

In sunmary it was concluded that |arge scale extra tropical
cyclones are the popul ati on which produces extreme wave storns. This
showed that the value of 6.0 nmeters froma straight forward FT-1 pl ot,
changed to 8.0 neters. Also for return periods in the order of 10 to
20 years, all stornms and under nany ice conditions, generate severe
waves. Gven this, 10 years of data, extrapolated to the 100 year
return period, would be accurate to +/—- 30% The values were not
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conclusive, but: extrene wave estinates were sensitive to large
variations in sonme paraneters describing the storm climate and ice
condi ti ons.

Shal | ow Wat er Waves

The major fetches of the Beaufort Sea extend over deep and
shal | ow water. The transition onto the shelf from depths well over 75
neters to the 30-neter contour is short in terns of general w nd-wave
grow h. The three types of sea bed interaction are refraction, bottom
danping and nodification of the wave-wave interaction mechanism
Refraction spreads the waves out, causing a reduction in per unit
energy. The bottom absorbs energy. However, the over water w nds
qui ckly replace this loss, up to the point where white capping occurs.
This returns the wave spectrum to its characteristic JONSWAP shape.
The wave—wave interaction predom nates the shallow water transition by
changi ng the point where white capping energy dissipation occurs. This
energy balance is governed by the interaction of waves of different
wave lengths. In shallow water the |longer wave |engths shorten,
causing a nodification of the spectral equilibrium This mechanismis
described in the references of this report (such as Perrie 1986).

Scaling the deep water waves was acconplished by assuming the
JONSWAP spectrum and nodifying the equilibrium for depth. This
resulted in the deep water 100-year wave of 8.0 nmeters and 11 seconds
being reduced to 6.5 neters and 11 seconds at 30 neters depth.
Combi ned confidence and errors, when scal ed gave a range of heights of
about 5.5 to 7.5 neters.

Recomendat i ons

This report examned the sensitivity of the return year wave
heights, to <considerations of the joint probability of storm
popul ations and variable ice conditions. However, the need for
accurate storm by storm hindcasts, remains. Current wave nodels show
that wave heights are very sensitive to the over water w nd speed and
direction. For an accurate hindcast of any particular storm or an
over all description of the Beaufort wind fields, there is a great
need for high resolution wi nd anal yses.

A second point is the need for a high resolution wave nodel. nmany
storm seas are restricted by the ice edge, and these ice fields can
nmove great distances during a storm Also the open water area of the
Beaufort can be quite conplicated, exhibiting long narrow stretches
and greatly varying bathynetry. Therefore, the conplicated nature of
the winds, ice and bathynetry necessitate the use of a responsive wave
nodel .

The hindcasts of severe storns will lead to a description of the
general storm seas of the area. Short records of good environnenta
data, are not capable of showing the probability distribution for a
reliable | ong term extrapol ati on.

The met hods of |long termwave cli matol ogy suggested that separate
probability distributions would be necessary for each storm popul ati on
and each ice condition. Recomendations for further study include:
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- hi ndcasting stornms derived from high resolution pressure grids,
and during the prevailing ice conditions, and verified by Wverider
data of the day;

- windfield studies to determne return year wnds by storm
popul ation, direction, and nonth of occurrence, for an indication of
nost severe conditions;

- determ nation of the nost descriptive probability distribution
function and the joint probability factors of storm and ice
par anet ers.
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DESI GNI NG THE STUDY
1. The Hi ndcasting Process

Hi ndcasting of sea states, is the conputation of past events.
it has been discussed in previous sections of this report that:
conpiling a set of past storms would provide the basis for a
statistical sumary of the climte. The recommended technique was to
sinmul ate these stornms using neteorol ogical data and an energy spectra
wave nodel. This section describes the design of the system which was
used for the study.

For studies using well docunented w ndfields, good deep water
wave nodels could be expected to produce wave height data to within
0.6 neters, or perhaps 10% of what m ght be neasured. It has not been
denonstrated, but certainly indicated that wave nobdels for areas of
conplicated shoreline and finite depths, could be as accurate. This
accuracy has depended on good nodeling of the overwater w ndfield.

Wnd inputs to wave hindcasts are in the form of tinme point
"maps”. The geography of an area would be first defined at nodes of a
grid system For a selected hour, wind information is determ ned at
each grid point. Wave nodeling would then follow from a consecutive
series of w nd maps.

The Marine Environnment Data Service had a software system for the
predi ction of w nd-waves, originally witten by D.T. Resio. In his
description of the hindcast process he wote:

There are four basic steps in the calculation of waves from
past nmet eor ol ogi cal dat a. First, pressure data nust be
assimlated into a pressure field that depicts all inportant
synaptic weather features. Gadients of pressure in tine and
space, along wth certain thermal <characteristics of the
pl anetary boundary |ayer, are then used to construct an estimate
of a quasi-—-geostrophic wi nd speed and direction at sone |eve

where it is assunmed that the frictional effects of the ocean
surface on the atnosphere are negligible. Next, an analysis of
the vertical wvariation of the wind in the planetary boundary
layer is used to reduce this wind to a comon 19.5m |evel.

Finally, these surface winds are input into a numerical wave
nodel to sinulate wave generation, propagation, and decay.

If any one of the above steps contributes significant bias
(on a geographical basis, seasonally or overall), it can
introduce errors into the results that are difficult or
i npossible to renmove. Simlarly, if any step contains a |arge
random error, certain statistics (such as duration curves,
extrenes, and conditional probabilities) can be seriously
affected. Thus, each step nust be checked independently where
possible. This serves to substantiate the nerit of the physics
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and data processing techniques used in each step and hence tends
to lend support to the worth of the final product nore so than
the performance of only wave conparisons, regardless of how
extensi ve these conpari sons may be. Indeed, if each step is shown
to be physically valid, it can be argued that the results should
be as accurate in sites where there are no wave data for
verification as they are in areas where |arge anmounts of gage
data are available. Additionally, if all steps are nodeled
correctly, factors such as directions and angular spreading,
whi ch are not generally avail able for conparisons, can reasonably
be assuned to be at | east approximately correct. ”

It was Resio’ s nethodology which this project adopted as the
basi ¢ hindcast system |In accordance to recommendati ons by Miurray and
nmaes—1986, and a selection of current publications, a Kkinenmatic
analysis of the wind fields were added to the machi ne—only analysis in
this system

The entire wnd analysis procedure was contracted out to
nmet eor ol ogi cal speci al i sts. This was done in accordance wth
recommendations from clinmatologists at the Atnospheric Environnent
Servi ce (Environment Canada). The remainder of the hindcast process
was done at MEDS.

It was an inportant part of the project, to check the validity of
the wind and wave analysis procedures. The wnds were the
responsibility of the contractor. Their nethods were state-of-the-art,
and they were experienced in operational forecasting of the Beaufort
Sea, itself. Validating the wave nodel was the responsibility of the
author. Adapting the wave nodel to applications for the Beaufort
region proved to require considerable effort.

1.1 Wave Energy Spectra Mbddel i ng

The version of the Resio wave nodel at hand had been devel oped
for applications in areas of |large regular ocean geonetry, such as the
Atlantic. The basic nmethod used by the nodel was to, as for all
spectral w nd-wave nodels, input wnds onto a grid of points over a
series of tine steps. At each grid point and tine step the spectrum of
wave energy was calculated and stored until the next tinme step w nd
i nput. The conmputed wave growm h at these grid points was determ ned by
physical relationships governing the wind and wave interaction based
on the existing state of wave devel opnent.

The level of resolution or accuracy enployed in the w nd—wave
growt h equations, govern the physical representation of the nodeling
process. As for nmany applications of conputer sinulation calculation
of absol ute nechani cal properties and dynam cs has not been practical.
One reason for this unfortunate circunstance, has always been the
limtations of the conputer hardware. A second aspect has been the
physi cal representation of the analytical equations thenselves. Many
aspects of the wave growh process have only ever been described by
enpirical or statistical relationships. Thus, the nunerical mnethods of
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spectral nodeling have had to rely on paranmetric or descriptive
i nprovi sation of real world nmechani cal behaviors. These consi derations
have been the subject of ongoing work in this field. Therefore it
became an inportant secondary task wthin the objective of the
project, to validate the nmerit of the physical representation of the
wave nodel ing software

1.2 Wave Hindcasting in the Beaufort Sea

The Beaufort Sea is not a large regular body of oceanic
proportions. It is an area where geographical irregularities such as
bays, shallow water, and the <changing pack ice coverage, play
i nportant roles in shaping storm sea states.

Effects of shallow water on devel opi ng wave spectra has been the
subj ect of fundanmental research and nodel devel opnents, in recent
years. At the Bedford Institute of Oceanography, WPerrie and
B. Toul any had been working on a "Second Ceneration Shallow Water wave
Model ”. Their efforts had been to add code for the effects of sea bed
wave danping and refraction and nost inportantly, a factor which
relates the shape of the spectrumto finite depths. Al so, this node
was being nodified in order to optimze the use of conputer nenory,
whi ch woul d prove useful in increasing the resolution of a gridded sea
surface. Sone performance tests had been conpleted, by the tine this
study was being designed. However, in order to ensure that the nbde
represented the current state-of-the-art and, was usable in the
Beaufort, research, progranmm ng, testing and nodifying of the nodel at
hand becane inportant activities of this study. A review of the nodel
devel opnments follows in a section of this report.

The basic framework of the Resio nodel was, of course, to remain
intact. The inputs required a general description of the shoreline and
shal l ow water bathynetric depths and specific data of t he
nmet eorol ogi cal events and ice conditions during the period of each
particular storm Also recorded wave neasurenents were needed for
verification and testing of the hindcast. The avail able data sources
are described in the next subsection. The follow ng subsection
specifies how these data were to be utilized in the hindcast process.
Further sections of this part of the report outline the system
devel opnents and informati on processing, |leading to the final hindcast
results.

2. Dat a Sour ces

This section outlines the environmental data available for
application in spectral hindcasting of the Beaufort w nd seas. The
lists of these wind ice and wave data are quite short. There has been
much effort by groups of the Atnospheric Environnent Service (AES)
the marine Environnent Data Service (MEDS) and the BWO to collect,
conpile and assess information. References, as l|listed at the end of
this report, were used to choose the final selection for this study.

2.1 lce
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Records of sea ice are held by the Ice Branch of AES in Qtawa.
The period of coverage available is from about 1959 to present. The
formof the data are:

- Hard copy 'weekly conposite summaries’ for all years;

- Hard copy 'current’ or daily charts;

- Satellite photographs of the region at about daily intervals;
- Sonme digitized weekly conposites for charts up to 1980.

The hard copy weekly ice charts were chosen for this study, since
little informati on could be gained fromthe other fornms of data. These
charts represented the nost conplete map of the Beaufort ice for two

reasons. First, the satellite photos showed little besides cloud
during a storm and during a storm few ship or airborne observations
were taken. Second, the weekly charts were well prepared and nopst
readily usable for routine handling.

2.2 Wnds

The final formof wind data for input to a wi nd-wave hi ndcast, is
a grid point field of wnd speeds and directions at sone specific
altitude over the sea. Wnds between these grid points can the be
interpolated for increased resolution. In general these records do not
exist to the level of accuracy needed of reliable wave hindcasts.

Coastal weather stations in the southeastern Beaufort region are
wi dely separated. These records have been augnented by routine reports
from oil rigs and by occasional ship observations. Wereas these
stations report wnds and atnospheric pressures, drifting buoys
depl oyed further to the north report only atnospheric pressures.

It has only been since the operations of the BWO that pressure
charts have been produced to the resolution that describe many of the
intense small-scale stornms frequently encountered during the open
wat er season. The representation of the spatial structure of w nds can
not be adequately described by neasured wi nds w thout these pressure
charts to describe the |arge-scale system Also, the sparse reporting
stations still result in a need for blending of w nds where possible,
in order to augnent these pressure derived w nds.

Good quality wind fields are currently constructed from

- an objective analysis of the pressure data, which in the case of
BWO data, is enhanced by subjective analysis of developing storm
systens and drafted onto six hourly isobaric neteorol ogical charts;

- digitization,snoothing and iteration of MSL pressure patterns to
gi ve gradi ent w nds;

- analysis utilizing a planetary boundary |ayer nodel to reduce
gradient winds to 10 neter w nds;

- a kinematic analysis to interpolate streamflow i sotach naps onto
t he wave nodel grid;
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- anal ysis by experienced neteorologists, to blend in controlled
and converted val ues of recorded w nd neasurenents.

Practically no data of this final form was available for the
Beaufort area. Weather data for the recreation of w ndfields, could be
obtai ned by contacting: Atnospheric Environnent Service, Environnent
Canada. These data consisted of the neteorol ogical isobaric pressure
charts and rig reports. The rig reports contained information that was
not available at the tinme the charts were drawn. Two kinds of charts
wer e avail abl e:

Scal e Year s
Beaufort Charts 1:5 mllion 1976-85
Arctic Wat her 1:10 million 1965-85

The area of global surface which was to be processed depended on the
area of open water. However, for consistency, the maxi mum possible
area for any case should be taken for all stornms. Therefore, for each
storm the boundary of nultiyear pack ice was taken as the northern
limt to the sea.

Dat a Producti on

A conplete record of the 1975 to 1986 neasured wi nds and isobaric
nmet eorol ogi cal pressure charts were obtained from the Arctic Wather
Center (AES), Ednonton. The pressures were digitized at 1 degree
|atitude by 1 degree longitude intervals on a grid described by the
area 120 to 160 degrees Wst longitude and 68 to 75 degrees North
|atitude. The results of each objective analysis and a separate
ki nematic anal ysis were representative of the wind field at 10 nmeters
above the sea. The two sets of wi nds were conbined using a reiterative
procedure of blending and refining, resulting in the nost reasonable
description of wind speed and direction over the field of interest.
Al'l processing of each of the three anal yses (objective, kinematic and
bl ended) were done on this sane grid reference and resolution. Al so,
an assessnment and summary of scientific errors was nade, which
indicated the reliability and variability of resultant w nd vector
val ues for each type of analysis. References and copies of source data
were |isted.

The deliverables (on Magnetic tape where applicable) for each storm
were sumari zed

reference to source data used and copies of these data;
— digitized pressure data, all other input paraneters;

— objective w nds;

— kinematic winds and rel evant anal ytical back ground;

— bl ended w nds;

— an assessnent of the scientific errors for the results of the
st udy.
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2.3 Wave Dat a

There are two types of wave data available. The first is records of
subj ective observations taken by ships of opportunity and oil rigs.
The second type is instrunental neasurenments by Datawell Wverider
Buoys. The latter of these has been generally, the only objective
source of wave information

There has been no formal assessnent of subjective wave observations
in the Beaufort Sea. However, it has been evident that many of the
nost extrene reported wave hei ghts have not conpared well to waveri der
dat a.

The earliest record of waverider data was nmade in 1970. A conplete
list of the spatial and tenporal coverage of all waverider data can be
obt ai ned from MEDS.

3. Setting the Goal and Met hods

Thi s section outlines t he specific criteria or " design
specifications’ which were decided upon in order to carry out the
Beauf ort Sea hi ndcast study.

3.1 The I nput Requirenents

Inputs to the actual wave nodel program were described in the
Resi o systemoutline. Essentially there were two specific input files.
One file WWas to contain the grid pattern of the sea geography (and for
the shal |l ow wat er nodel : bathynetry), and several 'control’ paraneters
specific to a particular stormnodel run (the CFILE). It was necessary
to determne the optimal grid size and the accuracy of the ice edge
information pertinent to the nodel analysis. The second was a file of
wi nd vectors, conprised of a tine sequenced set three hourly maps, of
grid point wnd speeds and directions (the NFILE)

In usual applications of the Resio system this geographic grid of
the CFILE, had only needed to be created once for any area of
interest. The Beaufort open water area was different for each storm
due to the variable ice edge. In order to speed up this part of the
process, an automated preprocessing system was to be devised to
digitize and overlay incidental 1ice coverage on to a general
bat hynetric back ground. Wien for each storm the NFILE and CFlILE was
created, the wave nodel was to be run

3.3 Qut put Specifications

Typi cal outputs of the Resio systemwere a set of two files.

one file contained a set of one dinensional spectra at |ocations set
in the CFILE. The second file contained a simlar file of two
di mensi onal spectra. The output for each nodel run were to be on two
files. One file contained the nodel program CFILE and NFILE inputs
and both of the one and two dinensional spectra of a selection of
poi nts over the area of interest. The second file contained a conplete
record of significant wave height, peak period and spectral direction
at every grid point and for each three hourly interval.
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3.4 Error Anal ysis

In the first instance, nodeled seas were verified by conparison to
neasured wave data. To this end, sone neasure of errors in the data
recovery and processing were assessed. These error sources were the
f ol | owi ng:

— Accumul ated wind velocity (which describes the reliability of
contenporary nethods of wndfield derivation for the case of the
Beauf ort Sea)

— Wave nodeling for deep and shallow water (as being independent of
the wind velocity errors, and therefore indicative of the theoretical
wave growt h processes)
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STORM W ND SELECTI ON

1. hjective

The objective of this was to assess and select suitable storns for
hi ndcasti ng severe sea states. These were to produce tine series of
storm conditions characteristic of the Beaufort Sea.

Results were to contain sone neasure of reliability and degree of
application or rel evance.

Secondly, the storns were to give sonme ascertainable indication of
severe wave conditions which could be expected in a genera
climatol ogy of the area. This perhaps vague statenent of what usually
pertains to sonme specific statistical appraisal, reflected the "first
guess” approach of this study. This second objective was then, to
sel ect stornms which seem to be the nost severe on record. Since wave
data usable in selecting these storns nay have been questionable, or
at |least be site specific, sonme storns would be selected by genera
assessnment of ice and wnd data. So the list of 10 storns produced by
this report may not be the 10 nost severe storns. However the recorded
hi story of well docunented weather in the Beaufort Sea was al so about
ten years long. Any exacting long term estimates of return period
events, or specific probabilities of encounter would then be |imted
not only by the short base of 10 storns, but also by the short history
of source dat a.

bj ectives were generally to select stornms to be hindcast in the
nost rigorous analysis Avail able. The results woul d then be used:

— to determne the achievable quality of information produced,
— as a record of well defined sea states;

— and for a good overview of extrene conditions experienced since the
begi nni ng of hei ghtened offshore activities of Beaufort Sea petrol eum
i nterests.

2. Storm Sel ecti on

Selection criteria were a set of general guide lines that ideally
woul d describe storm data nost useful to the extreme event study.
These were as in the following list.

— Available isobaric neteorological pressure charts, and neasured
w nds from weat her stations, weather buoys and oil rigs.

— Recorded or estimated (as from an assessnent of visual reports and
weat her conditions) waves of 3.0 neters or nore in deep water near the
Mackenzi e shelf/delta area.

— (Good Waverider coverage in deep and shall ow water.

— Good ice conditions, which result in fetches of 200 km or nore, for
the given wind direction of the storm
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— Judgnment of the representation of the storm for typical extrene
event conditions.

Twenty stornms were selected. Several events had good Waverider
coverage. All stornms were well described by atnospheric pressures and
measured wind velocities. Large extratropical anti-cyclones, and snal
scale arctic disturbances were represented. The period of coverage
required to describe a stormwas taken to include a wave nodel warm up
of between 24 and 48 hours of data before the advent of extrene
condi ti ons.

The list of storns originated from two sources. Besides a list of
stornms specifically wanted for wave hindcasting by this study, a list
of storns exhibiting severe wnd conditions, wthout specific
reference to the wave climate, was requested by the Atnospheric
Envi ronnent Service. This list was then sent to the contractor for
anal ysis. Although, nmany of the stornms on the conposite list, had
produced severe wave conditions, not all storns were to be used in the
wave nodeling study. The stornms which were to be wave nodeled were
described in the paragraphs, below. The storm reference nunbers were
taken fromthe contractor report.

STORM 1 25 Aug. to 28 Aug. 1977

Storm Pattern: small scale intense disturbance, w nds WNW 25 to 40
knots for 6+ hrs. Fairly open ice conditions; fetches of 200 to 250
km Poor conparison of pressure derived w nds and neasured w nds.
Smal| stormthat shows spatial variability of wave fields due to w nds
and shallow water. Excellent coverage by waverider data. Wves of
about Average Annual Maxi num at about WNWof 3.0 to 3.5 neters.

Waveri der Cover age:

St n. Nane Depth Maxi mum wave

No. (m Hs(m Tp(sec)

190 aul f-1 33 2.0 8

191 aul f-2 42 3.1 8

192 Canmar -1 34 1.5 8

193 Canmar -2 64 2.2 8

194 | sserk 14 2.0 8

STORM 2 23 Sept. to 26 Sept. 1977

Storm Pattern: Large scale LOW SE changing to westerlies. Wde

open ice conditions with extensive fetches. Good agreenent between
nmeasured wi nds and pressures. Waves SE changing to West up to 2.5
net ers.

Waveri der Cover age:

St n. Nane Depth Maxi num Wave
No. (m Hs(m Tp(sec)
190 aul f-1 33 2.1 6

191 Gl f-2 42 2.53 7
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192 Canmar -1 34 2.0 7
193 Cannar —2 64 2.5 6
STORM 5 28 Sept. to 2 COct. 1978

Storm Pattern: West north west w nds of 25 knots, Open ice conditions
wi th extensive fetches.

Waveri der Cover age:

St n. Nanme Dept h Maxi mum Wave

No. (M Hs(m Tp(sec)
192 Ukal er k 31 2. 06 9

193 Kopanoar 57 2. 36 9
STORM 7 22 Aug. to 24 Aug. 1979

Storm Pattern: Wsterly winds of 25 Knots. Fair ice conditions with
west fetch of 200 km

Waveri der Cover age:

St n. Nane Depth Maxi num Wave

No. (m Hs(m Tp(sec)
198 | ssungnak 24 1.08 5

200 Ner | er k 46 2.37 8

201 Tarsui t 30 1.74 6
STORM 8 29 Sept. to 6 OCt. 1979

Storm Pattern: Easterly winds up to 30 knots. Fair ice conditions with
fetch of 200 to 300 km

Waveri der Cover age:

St n. Nane Dept h Maxi mum Wave
No. (m Hs (M) Tp(sec)
198 | ssungnak 24 2.42 7

STORM 10/ 11 28 Aug. to 2 Sept. 1980

Storm Pattern: WNW wi nds up to 30 knots; 6 hour w nds near 22 knots.
Open ice conditions with an extensive fetch. Year of 1980 naxinum
storm waves, and average annual nmax. Sone deep water wave data. Waves
VWNW of 3.5 neters.

Waveri der Cover age:

St n. Name Depth Maxi mum  \Wave
No. (m Hs (M) Tp(sec)
200 Ner | er k 50 2.95 8

202 Explorer IV 60 3. 27 8
STORM 13 16 Aug. to 18 Aug. 1981

Storm Pattern: WNW wi nds of 36 to 42 knots, 6 hour w nds below 26 to
30 knots. Poor ice conditions with small open sea fetches of 50 to 150
km Maxi mum seas reported for 1981. Waves WNWof 3.0 to 3.5 neters.
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Waveri der Cover age:
St n. Nane Depth Maxi num Wave
No. (m Hs (M) Tp(sec)
201 | ssungnak 27 3.12 7.5
STORM 14 30 Aug. to 1 Sept. 1981

Storm Pattern: North westerlies up to 25 knots. Fair ice conditions
with fetch of 100 to 200 km

Waveri der Cover age:

St n. Nane Depth Maxi num Wave

No. (m Hs (m) Tp(sec)

196 Ner | er k 52 2. 36 7

STORM 15 27 Sept. to 29 Sept. 1981

Storm pattern: North winds at 26 to 30 knots for 6 hours. Open ice

conditions with fetches of 200 to 250 km Visual reports say these are
sone of the highest seas. Long duration severe w nds blow ng over
| arge fetch. Waves North of 3 to 4 nmeters (Tp= 9 sec).

Waveri der Cover age:

St n. Nane Depth Maxi num Wave
No. (m Hs (M) Tp(sec)
196 Ner | erk 52 2.8 8

STORM 16 26 July to 29 July 1982

Storm Pattern: Small scal e disturbance, WNW winds up to 35 knots for
12 hrs. Maxinmum w nds over 45 knots. Mderate ice conditions wth
fetches of 200 km One of the nobst severe storns according to visual
wave reports. Seas were about 5 to 10 year maxi mum Small scal e trough
system novi ng over Mackenzi e Bay.

Esti mated waves of WNWof 3 to 5 neters.

STORM 17 20 Sept. to 22 Sept. 1982

Storm Pattern: ENE wi nds of 33 knots for 20 hrs, Maxi mum wi nds of 38
knots. Moderate ice conditions with a fetch to Mackenzie Bay of 300 km
and a fetch to Ballie Is. of 100 km Excellent Waverider coverage.
St orm wave about Average Annual maxi num Estimated waves of ENE of 3.5
to 4 neters.

Waveri der Cover age:

St n. Nane Depth Maxi mum Wave
No. (m Hs(m Tp(sec)
196 Orvilruk 58 3.35 8

201 Ai var k 62 3.28 8

204 Tarsuit 20 2.8 8

205 Itiyok 14 2.2 7

206 Mckinley Bay 8 0.94 6
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STORM 20 16 Sept. to 19 Sept. 1985

Storm Pattern: Large scale LON VWANW w nds of 37 knots for 48 hrs. and
44 knots for 6 hrs. noderate ice conditions with fetch to Mackenzie
Bay of 200 km Ballie Island was ice bound. Seas were at about 8 to 10
year return period. Large scale well nonitored storm with m nimum of
expected hindcast windfield errors. One of the nobst extrenme storns
since the Beaufort weather office conmmenced operation in 1976. Waves
were estimated at WN\Wof 4.5 to 6 nmeters Hs of 3 neters for 48 hrs.

Wave Data Coverage: Subnerged wave and tide pressure sensor.

St n. Nane Dept h Maxi mrum Wave
No. (m Hs (M) Tp(sec)
Adgo 2.7 1.78 10

As a note, the storm nunmber 18 showed the potential of the late
sunmer storns and the effects of a sea ice field. There has not been
any attenpt to nodel this storm for this report. The assessnent was
as foll ows:

Storm Pattern: Large scale LON WAW wi nds of 50+ knots for 6 hrs.
and 41 knots for 46 hrs. Large scale near perfect anti-cyclone with
Low to the North of the Beaufort area. Pack ice had retreated to the
permanent |imt, but on the 19th Cctober, ice cover over the drill
area was primarily gray ice or nilas. The storm physically broke up
much of the ice over the area. Wave at nmaxinmum reported Hs were
partially danped by the broken gray ice. This storm produced 25 to 50
year "open season” WNDS and reported 4 neter waves. |If the storm
coul d be considered as occurring i ndependent of the general decline in
tenperatures at that time: then if it had hit just 10 days earlier
ice free seas would have risen to 10 neters! Good exanple of |arge
extra—tropical |ow.
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THE MODEL GRID

A background grid of shoreline, bathynmetry and ’pernmanent pack ice’
was created using the Resio system For each particular storm
hi ndcast, a current ice field was overlaid to create an open water
ar ea.

1. The SOG Gid

The wave nodel utilizes a orthogonal grid of sea and | and

points. This grid layout had to be setup at the beginning of the
hi ndcast process. The Resio hindcast system of prograns, provided the
initial conversion of the standard latitude and longitude grid (LLG
to a spherical orthogonal grid (SO5. The object of this step was to
generate a grid pattern of roughly square elenents. The nmethod was to
|l et the user of the conversion prograns select an area to be gridded,
and sonme reference start point in LLG coordinates. The program then
transposed the LLG poles and equator, such that the SOG ’'equator’
passed through the reference point. The SOG |ayout of |atitudes, and
| ongi tudes, were then conputed for the grid points. Finally, the
actual LLG locations were listed in the output file. Subsequent Resio
prograns cal culate LLG to SOG direction conversion constants, so that
data referenced in LLG locations and direction could be converted to
t he wave nodel grid networKk.

For a relatively narrow geographical band of the earth, the
resulting SOG grid (like the LLG grid near Earth’s equator), would be
roughly square. Although the original Resio wave nodel did allow for
rectangul ar distortions 'north and south’ of the SOG '’ equator’, it was
not necessary to inplenment this facility in the wave nodel for the
Beaufort.

The first task in setting up the grid layout was to set the
reference point so that the resulting ’equator’ passed down the open
wat er area of the Beaufort, thereby conserving the square grid |ayout
as much as possible. The results of this showed as little as 2 or 3
kil ometer cunul ative error at any point over the open water. Secondly,
a grid size of about 25 kiloneters was chosen. This general size had
been recomended (Hodgi ns—83) to best describe the Beaufort, in terns
of the accuracy of the wave nodeling process. Finally, the area,
contributing to the waves over the area of interest. Although the open
water, at tinmes, stretches out over the Chukchi Sea and east of the
Beaufort into the waters of Canada’ s arctic islands, the boundaries of
the grid did not extend past the west coast of Alaska. This limt was
necessary in order to conserve conputer resources (space and cost).
Al so, any wi nds and waves beyond this Iimt had little or no influence
on storm waves in the Eastern Beaufort area. The four corners of the
grid in LLG coordi nates were:

— (78.2,164.9); (68.5,162.7); (72.9,112.6); (65.3,128.8) ..LAT, LON

Once the Ceonetric grid had been constructed, the point values were
preserved for use in transposing wind data and for the final
construction of the geographical grid of |and, sea and ice.
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2. The Geographi cal Background Gid

The wave nodel input grid network has no know edge of the original
LLG coordinates. it was sinply a layout of coded points referenced by
their order. Prior to a wave nodel run, geographical data had to be
transposed, automatically or by hand, to this input network. The
met hod used here, was to create a background file of shoreline,
bat hynetry and pernmanent pack ice, once. This was done by |ocating an
LLG out put point on a contenporary hydrographic chart, and coding the
appropriate point on the nodel grid. The next section explains how
specific ice conditions for a particular stormwere overlaid, prior to
t he hi ndcast nodel i ng.

3. Mbdeling the Ice Edge

Defining the ice field has al ways been a problem to wave nodel ers.
There has not been any application to nodel ed wave physics, of the
little that is known about seas in fractured ice fields. The usua
approach to the problem has been to define sone limt of open water,
at sone concentration of sea ice, and to assune the open water area is
ice free (or effectively so).

Rational to support this supposition, describe severe sea states
(model ed or real), as being sonmewhat insensitive to the limts of the
ice edge. This may be explained by an examnation of a typical graph
of wave grow h over fetch. Notice that wave growh woul d be sl ow over
the region of fully devel oped waves. The degree of danping or growh
retardation at the beginning of the fetch, due to the ice would be
rapi dly conpensated by the steep wave size growh past the ice edge.
Thus since nobst of the wave growth occurs at the beginning of the
fetch, a 5 or 10% error in the fetch length results in a very snall
error in devel oped sea states far down the fetch

The stormice conditions were taken to be described by the 1/10 to
3/10 ice edge, taken from an interpolation of the weekly sunmmaries
before and after each storm Only one ice field was setup for each
storm which ignored usually obscure changes in the ice edge during
the passage of a storm The Atnospheric Environnent Service, weekly
summary ice charts were overlaid onto the geographi cal background grid
using a programwitten for this project: "STRM CE’. The output of the
program di sti ngui shes ice
from open water from |l and.

It was inportant to distinguish the shoreline (depth=0) from the
ice edge, which was adjacent to water of any depth. This was
acconpl i shed by coding the final ice field grid, and taking this into
account in the wave nodel. The necessity was seen during the
refraction and danping cal cul ations, both of which use the depths of
grid points surrounding each open water point. An ice grid point was
not considered as open water, but did have a depth value of the ocean
bel ow.
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WAVE MODEL

1. Exam nati on and Mdification of the Bl O-Resi o Mdel

The existing BlIO-Resio nodel was discussed wth R Keeley,
B. Toul any, and WPerrie at the Bedford Institute of oceanography. WII
Perrie had the follow ng comrents about the nodel:

— On a graph of E* vs X*, the "JONSWAP Envel ope” was considered as
the realistic formof wave energy grow h.

— The existing Bl O-Resio curve denonstrated very high growth and very
hi gh peak energy, which inplied a poorly tuned drag coefficient (which
is used to determ ne the value of the wind stress, U*). However in the
di scussion of the day, WII| suggested that the tuning they had done
was arbitrary.

— There could be an inprovenent in the nodel’s behavior under rapidly
changi ng w nds.

Also this study had encountered problens in the Resio nodel that
needed sone nodifications:

— Waves propagating from shallow water into deep water were over
growi ng. The study had proposed a nodification to the conputation of
the gromh factor which conpensated for this but which does not affect
results el sewhere in the nodel. A suggestion was to put an artificial
cap on the gromh permtted. Here, the cap value would still need to
be at the |l ow end of published values of the growh paraneter.

— Over growth of waves for winds blowing directly off the ice. This
is not the sane problemas the first although it m ght appear to have
simlarities.

The study suggested that a solution to part of these problens may
be acconplished by nodification of two procedures within the nodel
code, wthout changing the processes in the nodel. For the
determnation of the saturation curve, the variable coefficient
"ALPHA” (Phillip’s constant), used by Resio, could be redefined.
(ALPHA) is a function of total spectral energy, EA, and the incunbent
wi nd shear stress, U*. Besides the nentioned tuning of the drag
coefficient, WIIl suggested that a re—evaluation of a constant within
the formula m ght be a reasonabl e approach.

2. The NOGAP Devel opnents to the Bl O-Resi o Model Codi ng Consi derations

Bl O-RESI O nodel outputs a set of wave information at selected grid
| ocations. The code revisions governing input and outputs described in
t he above section on system design, were carried out. To this end the
coding of the program was rewitten to be nore readable, and that
out puts be | ess di spersed.

Bl O-RESI O i nput wi nds and output wave directions were in reference
to the nodel grid directional bins (SOG. It renmamins as a suggestion
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and not included at the time of this report, that the array of grid
poi nt directional conversion values created in a Resio preprocessor
program be incorporated into the wave nodel to give wave directions
in the universal axis (LLG.

2.1 Deep Water Wave G owt h

The basis for rationalization stenms froma relationship stated
by Resio. The relationship is that: for a spectrum in equilibrium
there is a balance of source ternms in the md range of the spectrum
The Bl O-RESI O nodel al so uses a devel opnent pr oposed by
Kitaigorodskii, Krasitskii and Zaslavskii (KKZ) (Perrie 1986), for
shallow water. Also, in reference to the basic source term
rel ati onshi p:

d E(f) = B{Uf,D}.Ef)
dt
where B is a function of w nd, frequency and depth

the wi nd and wave-wave source terns decrease in value as the energy in
the m d range decreases.

The nodel scales the source terns of steady state growh (assuned
by the BIO-RESIO nodel) to the energy of the propagating spectrumto
conpute growth and equilibrium saturation based on the basic B.E
rel ati onshi p (above).

[ ALPHA]

It has not been apparent why the Resio shape function for the
spectrum approaching a fully devel oped state, was different than the
JONSWAP function, Conparison of the Resio (Energy, Wnd stress)
definition of (ALPHA] to the JONSWAP (Energy, Peak period) and (w nd
speed, Peak period) definitions, showed poor concurrence. This perhaps
expl ai ned sone over growth denonstrated by the Bl O-RESI O nodel .

— Resio: [ALPHA] = K * [EA g**2 / Us**4]

This equation for (ALPHA] could be scaled to natch the JONSWAP val ues
by changing ” K” fromthe BI O-RESI O value of 0.05 to the value in an
earlier Resio nodel of 0.044 . The value effects both the energy of a
given spectrum and its rate of growh (in terms of change in total
energy and peak frequency over tine and fetch).

The author suggests that the lower [ALPHA] growth shows better
results for duration limted and fetch limted growth if the tine
dependent changes in [ALPHA] and Fp are incorporated into the
cal cul ation of the growh. The purpose of the change was to cal cul ate
the spectral growmh directly fromthe established rel ationships rather
than froma nethod of approximati on and tuning of the factors.

Bl O-RESI O determ nes the growh source for the peak frequency (Fp)
and [ALPHA] at the beginning of the tine step. Gowh at each
frequency—energy bin is then calculated for the tinme step assuning
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that the parameters Fp and [ALPHA] do not change. The propagation
mechani sm was handled by linearly interpolating the two paraneters to
a point half way between the grid point (where the waves were
propagating) and the location of the peak frequency waves at the
beginning of the tinme step. This was done only in one direction, by
reverse ray tracing along the direction of the conbined or average
spectral direction to result in a single set of paraneters.

For fetch Iimted waves, where wave energy and Fp do not change at
specific grid points over tine, the nethod works well. The actual
val ues of the wave height and Fp do, however depend on the eval uation
of the governing constants in [ALPHA] and other physical equations.
The reason for this was that the nmethod represents a good
approxi mation of wave growh over time and space, since these are
mutually constrained variables in the wequation. Here, the tine
dependent change in Fp, and [ALPHA] during the tine step growh, are
predi cted by the spatial interpolation before the tinme step execution.
Mat hemati cal and hence nunerical integration of the energy source
terms, were thus, well approximated using rel ationships eval uated for
the two paraneters at the mdpoint of the tinme step and of course the
m dpoi nt of the propagation distance.

For seas governed by the duration of wnds, rather than their
proximty to upwind shorelines, the above nethod becane anbi guous,
since adjacent grid points well out to sea, during duration |limted
wave growt h, have sim /|l ar values of wave hei ght and peak period. Then,
using the Resio nethod the wave growth over the next step in tine
needs the values of [ALPHA] and Fp at the half way point of the up
comng tinme step. This could not be determned from the spatial
i nterpol ation, which was so applicable to steady state fetch limted
wave fields. Presumably this problem was conpensated for by tuning the
growh ternms (or adjusting the [ALPHA] constant so that duration
growh for a predetermned tinme step length and possibly grid size,
followed the JONSWAP form However as discovered by this study and
also in the reference report by F.Penicka (1987), and Perrie and
Toul any (1986), this final form of the Resio nodel denponstrated a few
i di osyncrasies, such as predictably poor fetch limted grow h.

A method was developed in this project which would by and |arge
resolve many of the problens of the Resio nobdel. The nethod was to
first, change the half way point interpolation trace back of Fp and
[ALPHA], to a full trace back. This new point was sinply Resio's
original point at which the dom nant peak period waves will be at the
beginning of the tinme step, thereby propagating to their grid point
during the up comng tinme step. Secondly, a paranmetric equation used
by Resio in another application within the code, was used to predict
the Fp devel opnent half way through the up comng tine step. To this,
a JONSWAP rel ationship of Fp to [ALPHA] was used to determ ne the half
way point [ALPHA]. These half way paraneters, were then used in the
grow h equations, providing the intended approximation of tinme/space
sea state developnent. Using this nethod, the integrity of the
i ntended JONSWAP paraneter values and subsequent wave growh rates,
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under both fetch and duration limted conditions, was mmintained
wi t hout the need for arbitrary tuning of the nodel.

G owt h Shape Function and Further Defining [ ALPHA]

There is nothing in the many nodels that conputes the decrease in
i nput energy as the spectrum reaches final fully devel oped state. In
these nodels, the growh rate is uninhibited until it is artificially
capped when the peak waves are traveling the wi nd speed. The problem
was the observed continuation of growh to the forward face. Scaling
t he saturation shape function to the source terns for spectral growth
a growh curve (over fetch and tinme) may be seen to be nore conpatible
with the SMB equations and perhaps JONSWAP

Peak Frequency Search

By scanning the one dinensional spectrum for the energy bin wth
t he highest frequency (with sone restrictions eg, Fp has to be greater
than wind specific frequency as per the Resio nodel) a non physica
doubl e peak effect is negated. JONSWAP equations, and then the nethods
of nunerical analysis within the nodel were devel oped and i nproved.

However, there had been no effort to exam ne the nodel response to
rapi dly changing wind directions. This was a problem characteristic of
many spectral nodels. Primarily it wasn't known how serious this
effect mght be on severe stornms in the Beaufort. Secondly, very
little explicit information about how this should be nodeled in the
Bl O-Resi o code, was available. The problem if it was serious, could
only be solved by a restructuring of the energy source terns, and
possi bly the two dinensional wave spectrumitself. As was seen, in the
Peni cka report and the SWAMP report on all other avail able nodels, and
Perrie and Toul any, the Resio nodel exhibits some unnatural spectra in
a changing wind field, or near shorelines. nost often these effects
are not inportant, or at |east justifiable. However in the Beaufort
where the sea surface is small, and often storm winds fields are
curved tightly, conpared to the tinme and space needed for the spectral
formation to react, the analysis mght be msleading. However, the
effects denonstrated by the nobdel would be conservative, by over
predi cting the wave hei ghts.

3. Wave Mbdel Qutputs and Data Archival at MEDS

The set of processing prograns, wind and wave data were
avai lable at WMEDS. The progranms were a set of the original Resio
processing system wth reformatting, plotting and wave node
additions introduced by this study. The original contractor w nds were
stored on a 9 Track tape. This file contains gridded pressures,
obj ective wi nds, kinematic w nds and bl ended w nds.

The wave nodel outputs for the set of hindcast storns were stored
on magnetic tape. For each stormthere was a file containing:

— The nodel Iisting;
— The ice/land grid;



Directory  Table of Contents

DFO 7

— The three hourly wi nd inputs;

— 1D and 2D energy spectra for a set of twenty selected grid point
| ocations and at every three hours.

Also for each storm there exists a file of Three hourly
significant wave height, peak period and wave direction. The direction
shown was in reference to the Resio defined grid direction, which has
not been converted to gl obal vectors.
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THE WAVE HI NDCAST RESULTS

1. Verification by Conparison to Waveri der Data

Thirteen stornms, from the original AES-MEDS |ist of twenty, were
chosen for hindcasting. These represented a set of extrene sea-state
stornms over a seven year data base. nost of these storns had waveri der
coverage, to conpare the hindcast results. Tine series of significant
wave hei ght and peak period, were prepared for this report. Waveri der
data and hindcast data, taken from a simlar l|ocation (latitude,
| ongi tude and depth), were plotted and presented at the end of the
report.

These plots were exam ned storm by storm in order to assess the
validity of the hindcast nodel and the errors in the windfield. it was
noted that there were neasurenent errors within the waverider data.
These errors m ght have been up to 15% (Miir and El -Shaarawi, 1985) or
for a typical 3.0 neter value: + or — 0.45 neters.

The errors and their interpretation were discussed in a follow ng
section.

2. Wave Fields and Tine Series

An initial view of the tine/space devel opnent of wave hei ghts and
periods during a hindcast storm was nade over the area of interest
(east of the Mackenzie Bay) at a constant depth of 30 neters.

Typical results showed up to a two neter variation of maximum storm
wave height, along this contour. Minly this was due to |ow wave
hei ghts in the sheltered waters of the Mackenzie Bay. However, in nore
open waters there were still variations of over one neter, due to
variations in storm wnd profiles and in sone cases, difference in
fetch due to ice conditions and fetch restrictions.

In order to show sone conparisons of yearly maxi num wave heights,
the yearly maxi mum hindcast wave on any point of this 30 neter
contour, were chosen and listed below. At this point it was seen that
there were two storms with particularly wunrealistic results (by
conparison to their waverider records). These storns were |left out of
the estimate.

Year Yearly Maxi mum Significant Wave Hei ght (neters)

1977 3.2
1978 3. 2*
1979 2. 9*
1980 4.2
1981 4.3
1982 3.7
1985 4.6

(asterisk denotes an estimte based on Waveryder data)

These results were applied to a 100 year return, extrene value
anal ysis. From seven years of data, it was unlikely that little m ght
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be said about the 100 year wave wthout the appreciation of
statistical and neasurenent, confidence intervals. Also it has not
been shown to which probability distribution these data mght be
applied. It has been shown that Beaufort Sea wave data show simlar
extrene estimates for both the FT-1 and Wi bull distributions (Hodgins
1985). It nust also be noted that other distributions such as the
FT-2, show markedly different return year estimates for simlar
hi ndcast data. This was denonstrated by Hodgi ns (1985) and Murray and
Maes (1986). Hodgins plotted each of the results of several historica
hi ndcast studies using the sane FT-1 distribution. These results were
essentially simlar (to with less than one neter at the 100 year
point). Mirray and Maes plotted these sane studies wusing the
distribution of the original study. These results showed differences
of over five neters at the 100 year point. This conparison was nade by
this report only for those studies which were taken as valid (see
Hodgi ns 1985).

However, if it could be assumed here, that the FT-1 distribution
was a valid representation of the climate, then sone results were as
follows. Using the hindcast results of this study, and the nethods
outlined by Miir and El —Shaarawi (1985) the plot of the yearly maxi num
wave heights showed a 100 year wave of 5.7 neters. The confidence
intervals were determned by the nmethod of WMaxi mum Likelihood (from
Chal | enor 1979), and were for the 100 year wave estimate at a | ow of 4
meters and a high of 8 neters. It nust be reiterated that these
results were tentative. D scussion of the effects of the hindcast
errors on this result were presented in the follow ng section.

3. Errors in the Mdeling

The results of the FT-1 extrene value estimte were very sensitive
to two aspects of the study at hand. Primarily, the data base was too
short to extrapolate nuch beyond the twenty year return period or the
0.05 probability. Also, the plot was sensitive to the value of the
nost extrenme values, the mninum values and the assunption of the
spati al simlarity (30 neter cont our maxi mumns) . Since the
extrapol ation was well beyond the data, the slope of the fitted line
was as inportant as the nagnitude of the values. Over estimtes of the
nost extreme data, along with good or |ow estimates of the |ower
val ues not only would give high extrapol ated estimates, but also high
confidence limts. At the other end of the interpretation, mainly
constant values of data result in little difference between the 10
year wave and the 100 year wave, and particularly narrow confidence
limts.

If it could be assumed that the spatial variability of the storm
maxi munms was not a governing factor, then the extrene estinmates would
be the nost prom nent source of error for this short data base. To
assess this error the difference between an available waverider
measurenent and the hindcast storm wave, each at their respective
maxi ma, were ’'scaled” from tine series conparisons. These waverider
data were (like the kinematic winds onto the objective w nds) then
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bl ended, to produce estinates of the hindcast wave fields. Typical
results were show bel ow.

Storm dat e H ndcast Maxi num Bl ended Maxi mum
at 30 neter depth at 30 neter depth

30. 08. 81 4.3 3.1
16. 08. 81 3.5 3.5
20. 09. 82 3.7 3.3
28. 08. 80 4.2 3.3
26. 08. 77 3.2 3.2
27.09. 81 5.2 2.5

This last storm was not included in the estimtes of the previous
section since it portrayed obvious problens in possibly the wave
nodel i ng process or the wndfield analysis. Mclaren Pl ansearch showed
simlar results using their own wave nodel. This storm and storm 2
showed extrene hyper growmh fromrather simlar wi ndfields. Both w nds
were of tightly curved wind isotacs and the storm 2 had 180 degree
change of direction over the duration of the storm This gave evidence
that the wave nodel |acked the facility to nodel storms for rapidly
changing wind directions over both tinme and space. However, this
probl em m ght antici pated, whereby the smaller storns of this nature
would not need to be included in an extrenme estimate due to the
resulting small wave heights.

A second problem with the wave nodeling process becane evident.
Exam nation of the storm 13 showed a 40% over estinate of the wave
hei ghts. Here the ice data charts showed a substantial change in the
limts of the upwind ice edge from days before to days after the
storm There was no way to tell how the ice edge changed during the
event of the storm since satellite and airborne observations were
restricted due to cloud and storm conditions. The hindcast of this
study mght have over estimted the fetch conditions of the storm
peak. An estinmate of the waves for these nobst restrictive ice
conditions, wusing available nonograns, show a wave nore like the
waveri der neasurenent.

The nost extrene wave estimates of the hindcast study seened to be
prone to the two types of errors nentioned above. The 1985 storm (20),
had no waverider coverage. It also was produced the highest hindcast
value of the study. In order to determine some assessnent of the
hi ndcast errors, the ice charts and wi ndfields were reviewed. The
storm produced steady w nds, and this was probably nodeled well by the
hi ndcast. However, the ice edge noved a great distance during the week
of the storm At the beginning of the week (for which the hindcast
nodel ed), the ice edge m ght have been pushed west by the prevailing
easterlies of the Beaufort area. Presumably during the storm of
westerlies, the ice edge noved east, and would result in sone fetch
restriction of the waves. Again, the satellite picture was obscured by
the storm clouds. If this was the case, there mght have been | ower
waves during the actual storm than hindcast. Since the storm was | ong
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in duration, and the wave reached nmaximum in the early part of the
storm the effects could not be anticipated. However the extrene val ue
estimate was very sensitive to this value since it was significantly
hi gher than the highest of the blended results (3.5 neters). It nust
remain a recommendation of this study that many of the aspects of wave
gromh fromwithin the | ow density ice edge, and the novenent of this
edge during a storm nust be explored before this storm can be
hi ndcast .

4. Sone Tentative Results

If the blending of hindcast results were taken to represent better
estimates of the Beaufort wave climate, then sone estimate of the 100
Year wave could be reassessed. Assumng that the 1985 storm was
restricted by the advancing ice fields, to the sane type of magnitude
other simlar storns were (ie. 40% |lower than hindcast). Then the
seven year range of stormwaves m ght be about 2.9 to 3.5 neters. This
woul d produce a 100 year wave of approximately 4.3 neters for the 30
nmeter depth contour. Although it was not calculated for this report,
the high confidence band would be less than the two neters of the
previous analysis, giving the 100 year wave to be no larger than
perhaps 6 neters. These |ast guesses, showed the still high
variability in extreme value estimates, given the uncertainty of the
hi ndcast nethod and the short data base.
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CONCLUSI ON

Beaufort Sea wave hindcasting needs both, an accurate nodel of the
sea state, and a reasonable approach to resolve long term
cl i mat ol ogi es.

The hindcast nodel used accurate descriptions of pack ice
boundaries, storm winds and sea bed bathynmetry. The author’s study
necessitated intensive inprovenents to a spectral wave nodel. The nost
important of these were to match the JONSWAP wave growth for both
fetch and duration limted conditions. And to properly inplenent
shal l ow water effects. H ndcasts of actual storns denonstrated that
t he nodel accurately cal cul ated both significant wave height and peak
peri od.

Reconmmendations of this study are for further inprovenents to the
wave hindcast nethodology. Final hindcast data could be enhanced by
bl endi ng nodel ed waves with neasured waves. But, enphasis nust be
pl aced on ensuring the reliability of the nodel. Inprovenents to the
wave nodel should be nmade to show effects of noving ice and rapidly
changing wi nds. Further research into very shall ow water nodeling has
been recomended as a result of the Seaconsult study. In the end, a
conplete set of hindcast wave error statistics should be produced
usi ng neasured waves.

Sea states hindcast using the nethods of this study can produce a
description of the Beaufort climte. However, the short history of
wind and ice records, and the unique interelationship between storm
winds and ice coverage, renders usual extrenme wave statistical
analyses to be limted. Although there are successful probability
anal yses techniques wused throughout the world, the probability
di stribution functions have not been proven for seas that change their
shape wth vyear to year variations in pack ice coverage and
wi t hdr awal .

This study denonstrated that nodern nmethods were a route towards a
desirably inproved Beaufort Sea wave clinmatology. The wnd data
produced by Maclaren were determined from a conplete analysis of all
avai |l abl e neteorol ogical information. The hindcast wave data provided
accurate information about waves during storns which could be properly
nodel ed. In order to determne extrenme wave estinmates, this report
recommends a rational approach to evaluating the interel ationship of
storm winds, ice coverage and the waves these produce. One such
approach is to hindcast each actual stormfor all of the probable ice
conditions. The ice can be considered to be largely independent of
storm force. And the wave produced can then be assigned probabilities
based on the joint probability of these winds and the ice boundary.
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FIGURES

TIME SERIES PLOTS

ow hindcast and measured Z2ata, for selected
cf the labels is as follows:

refers to the data scurces.

MEDS STHN DATA are shown as solid lines, and are
records taken from archives at the Marine
Environment Data Service.

- The hindcast title refers to the model used by
this project, and is shown as dot-dash lines.

The MEDS staticon number as per archive
identification.

The latitude, longitude and depth (meters) of
the station referred to by the MEDS station
identification.

Top plot is of peak period in seconds. This was
defined as the wave period with the maximum
spectral energy.

Lower plot is of Significant Wave Height in
meters. This was defined as a function of the
the sum of all of the spectral wave energy.

- Storm date or number and date {day,month, year)
- both axis for "Period" and "Sig. Wave", show day
of month, with gradations of 3 hours.
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PROGRAM NOGAP
* (QUTFUT,TAFEl,TAPEZ,TAPE], TAFEY,TAPELL, TAFES]L,
* TAPES1,TAPELS, INPUT)

c
o o o i i i i ] o o o e e

A spectral wave model based on the BIO-Resio model
{from Percie)

Inputs: * N-FILE : winds at three hourly "maps”
C-FILE : contrel, ice chart
H-FILE : plain language record for output tape

LI

Outputs: =* D-FILE : tape of header, model listing,
control parametecs, ice chark,
wind maps, and l-D + 2-D spectra at
selected hindcast points (note the
directions are wrt the model grid)

* W-FILE : a three hourly "field plot"™ of

gignificant wave height im},
peak period (5ec],
wave direction {model directions)

Model notes:
ALPHA= 0.044% EA"GSQ /USTA=*4)1*%(-0.2)

sEeBeieiaieReieRe e el N e s R R E R NS

CCCceoececeooccceococeeccccccccccccccccccoCcoococcccccccoccotoce

c
C DIMENSION DIMENSION DIMENSION DIMENSION DIMENSION
e
c
C REFERENCE ... vucoununnnsnnss +sss MOTE:
c GRID SIZE INDEFENDENT
c 16 DIRECTIONS
c 20+ FREQUENCIES
c 160 DEGREES
c 100 WIND SPEED INCREMENTS
c
DIMENSION COSR(16), EINR{16),

* INGLE{ 16}, EFHON{16),

# IVALLEY, JUAi{ 16},

* IUAL(16), JUAL{LE),

* IKEMU{ 16},

* GAMANG{ 381 ), COSSQi181,

* IAAD( 361},

¥ FF11{20y, DELF(20},

* SINF(20). ETMF({ 20},

L]

DF2{20)
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o

sEsReRrEnln] [N

s EsRrNE]

* OB OB % W & & &

DIMENESION

AMGLIZD),
FF{2L1,
FMEILO0O),
USTA(LDD),
ARFQT{1004.,
PMiL0O,200,
COEF(4],
SHEF{ 2071,
EREFRE(16),

FPROPAGATION DUMMY FILE

w

EMUX(2,20,20)

INFUT QUTPUT CONTROL....cvnvuna

L2

COMMON
DIMENSION

ISTRING(12)
TALPHN( S,
TELLl(l&,20,201,
LOUT( 20,47,
FEW(35),
LLOouUT(20)

SHALLOW WATER COEFFICIENTS.....

ZEA

o & ¥ »

oW B R R OB ¥ B @

DIMEHSION

POINTE. ..

DIMENSION

ci20,20),
RM3Z(ZL, 200,
OMEGAR( 23,20,
RDAM{ 1B,
BFDEPI(16),
CG{20,20),

B E E B # S E 4+ A EEBTEEEEE W

TEL(| 500,16},
EMA( 500,
EFR{ 500,
ESSA( 500,16,
LOCI(500},
LDEP({ 500,
WDIR( 500},
XPM({ 500,
SCiE00),
EMX({500),
FSUM{500)

EFSUM( 2073,
ZFLi 211,
FFLIM{L10O,
USTA41100,
FEE(L1007,

SNLA{ 400,

GRID SIZE: I=40, J=55

EL1(20),

LEAP[55),
LOCC[40,55),

HOTE:

10+ FREQUENCIES,

20 DEPTH INCREMENTS
18 DIRECTICHNS

XCR(21,10).,
RM22(21,20),
CHI{23.20),
RREF(16].

PHI(21,20)

ARRAY SIIE IS
HNUMBER OF GRID SEA POINTS

EL(500C,20),
EA(SDD),
SIMFER( 500},
LSSA(500,8),
LOCI( 500,
IFRQL 500,
WINKDA({S00Q),
EPHTEX(5,500},
ESUM{ 500},
ESWLIS00) ,

DFO 7

OHLY
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DIMENSION VEUM( 500}, USUMI 500,

* ALFPHA(300}, FOACSQA0),

= THOA(S00), EF({5S00),

L FOOOo{ 5007,

* ISWG( 500, AFDT(5007,

* XFACTR{ 500,

#® FO2{500}%, ALP2{5007,

® MFS( 500,

® HSCALE(| 500}
C
C INTEGEE INTEGER INTEGER INTEGER INTESEE INTEGER
c

IMTESER WDIR,WINDA,AFQT AFDT
C
L EQUIVALENCE EQUIVALENCE EQUIVALENCE EQUIVALENCE
C

EQUIVALENCE (NPTS,NPTOT)

EQUIVALENCE (TIMC,DELT)
c
C DATA DATA DATA DATA DATA DATA DATA DATA DATA
c

DATA SHPF/1.4,1.7,1.5,1.3,1.2,1.2,1.2,1.2,1.2,1.2,1.2,

" 1.2,1.2,1.2,1.2,1.2,1.2,1.2,1.2,1.2/

DATA COEF/0. uus 0.08,0.12,0.607

DATA PI,NFREQ,NDIR,G,TWOPI 3.1415%,20,16,980.,6.28319/

DATA C1,C2,C3,550-0,1525,1.47E-5,0.00371, 9ﬁo1uu I

DATA IUAS0,0,1,1,1,1,1,0,0,0,-1,-1,-1,-1,.-1,0/

DATA JUAs-1,-l,-1,0,0,0,1,1,1,1,1,0,0,0,-1,-1/

DA-TA IulLi"niliuiliu!liﬂiliniLliﬂi.l!ur lnl:l lul"r

DpATA JUALsQ,-L,0,-1,0,1,0,1,0,1,0,1,0,-1,0,-1/

DATA IEKEMUS1,1,2,1,1,1,2,1,1,1,2,1,1,1,2,1/
c
C FREQUENCY INCREMENTS
c

DATA FF/0.0%88,0.0825,0.0666,0.0714,0.0769,0.0833,

" 00.0%0%,0.1,0.1052,0.111,0.1176,0.125,0.13313,

" 0.142,0.153,0.166,0.181,0.2,0.222,0.25,1.0/
c
C FILES FILES FILES FILES FILES FILES FILES FILES
c

LUIN=G1

LUOUT=92
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c

C DEFINE FREQUENCY INCREMENTS

c

221

Baas

821
c

HMERQL=MFREQ-1

Flmd, S5« ({FF{21<FF{11]

oo 221 Isl MFROL
Flw|(FF(I+11-FF{I))*0.5
DELF({I)=Fl+F2

Fl=F2

DELF{MFREQI=2.0%F2

DO BEEE Iel,MNFRQL

ZFL( I '=EXPOS|{-{FF(I+1)/FFiI)1**4)=2,.718282
Do 921 I=l,NFRQL

DFZ( I = (FF|I«1)-FFiI}1/52.

C DEFINE NONDIMENSIONAL SHAFPE FUNCTIONW,FORWARD FACE,LOCAL SEA
C SOURCE

C

2849
2850
BEED

14

EE!
c

CONl=EXP({l.)

FXi=1.

DO BE49 I=1,94
EMLA|I)=FX3=CON1*EXPOS| - (0,95 (I*0.01) %%
Do BESD I=%5,10%

SNLA[T )=1.

Do BAE0 I=106,400

SNLA(I)= -{100./L)**5

IB=1

DO 33 I=]l, NFREQ
II=NFREQ+1-1

IEw2 . dB2/FF(I1}+0.5
IF{IE.GT.100)IE=100
oo 34 J=IB,IE
AFQT(J =11

CONTINUE

IB=IE+1

CONTINUE

C CONSTANTS

c

AINC=TWOPI/NDIR

RADC=TWOPI 360.

RADDEG=360 ., /TWOPI

EPRHE=5S . 19E-11

ELIM=1000.

CONEM=GS0 / THWOFPI®® 4

HEQ =(FF(MFREQ)+0.5*DELF(NFREQ)}**({-4)*CONEM/4.0
ECONST=GS0/TWOPI=*4

EPINFH-EaJPI

SWCON=1,00E-5
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Do E51 I=1,NDIE
INGLE[I}m{I-1i®22_.5
AMGLI I )=[I-11%AINC
COSRi L =COS(ANGLII)
SINRI I 1=SIN(ANGL{I])
E51 CONTINUE
Do 41 I=1,90
4l COSSQIIi=COS((I-1l)*RADC)*w2
Do 43 I=51,181
43 CO55Qi11=0.
DO 42 I=1, 360
IAAD( I =]
IF(I.GT.180) IAAD(I|=361-I
42 CONTINUE
IARD ([ 361 =]
D3 &0 ITH=L, 380
GAMANG|ITH)=0.
IF{ITH.GT.B0.AND.ITH.LT.280) GOTO &0
AMNG= [ ITH-1)*RADC
GAMANG({ ITH)=COS[ANG ) **§
GAMANG | ITH)=GAMANG( ITH]*E./(3.*FI)
60 CONTINUE
Do 70 I=1,NFREQ
T0 SINFII)=TWOPI*GS0,/ ( TWOPI*FF{I}1%*5
c
C QUTPUT TAFE HEADER AND SOURCE CODE RECORD
C
IREC=0
ICODE=1
IFILE=2
CALL BUILD{IFILE,IREC,ICODE}
IREC=0
IFILE=3
CALL BUILD{IFILE,IREC,ICODE)
C
C QUTPUT HEADER FOR JOB SETUP AND IDENTIFICATION
C
ICODE=2
WRITE(11,5040)ICODE
S040 FORMAT(IZ2 . AX,*JOR IDEMTIFICATION®)
READ(9,5041) ( TALPHN(J),J=1,9)
5041 FORMAT(1X,9A10)
WRITE({11,5042)ICODE, { IALPEN{J),J=1,9)
5042 FORMAT(I2,8X,*PROJECT® , 23X,9%A10)
READ(9,5041)( IALPHN(J),J=1,9)
WRITE(11,5043}ICODE, (IALPEN({J],J=1,9}
5043 FORMAT(IZ2, BX,*RUN DATE-TIME|YYHMDDHH]): * GR10)
READ(9,5041)( IALFPHN(J) ,J=1 L9
WRITE(11,5044)ICODE, { IALPHEN(J),J=1,9)

DFO 7
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S044

5043

c
c
c

c
c
c

c
c
c

R R ErEs]

BEAD(9,504L ¢ TALPHN I} . I=L 5

WRITE(11,5045)ICODE, { TALPHN(J},J=1,9)
FORMAT(12,8X,*STORM START(YYMMDDHH):

READ/9,5041 ) IALPHN(J) ,I=l, %}

WRITE(11,804&ICODE, | IALPHN[J) ,J=1,%]
EQ4E FORMAT(IZ,BX,*STORM END:#*,20X.3A10)

WRITE(11l,5047)ICODE

5047 FORMAT(IZ,BX,*C AN I N FILE:*]

WRITE(1l,50481ICODE

FORMAT(1Z,8%,*DESCRIPTION:*, 18X,9A10)

ARl

DFO 7

SO48 FORMAT(IZ2,BX,7X,*I1/N+*, 7K, =J/M* EX, *TINC*, 6X, *DINC*,GX,
1 *MSTA*,TX, *IHR* ,5X, *NMAPS* , TX,*ZM2*,6K, *DANP*)

PROBLEM PARAMETERS

READ(9,5058)N,M, TINC,DINC,MS5TA, IHR, NMAPS
S058 FORMAT(1X,2I5,F10.0,F10.3,31I5)

INITIALIZATION

DX=DINC*100000.

DELX=DX

HR=IHR*3500.

ETIMES=HR/TINC

COT=LHR

CTIME=IHR
TPRM=0.1215+TINC/G**1.33333

COAMP=0 . 038
IMi=1000.

OUTPUT LOCATIONS

IF(M5TA.LT.L)GOTO 4650
0o 118 Is=1,HSTA
READ(9,101)(LOUT(I,J),d=1,4}
114 CONTINUE
4650 CONTINUE
101 FORMAT(1X,2I3,1X,14,1X,1I5]

OUTFUT A RECORD OF CANIN

{ INCLUDE GRID FOINTS: BELOW)

WRITE(11,5049)ICODE,N,M, TINC,DINC,M5TA, IHR,NMAPS ,ZM2, CDAMP
5049 FORMAT(I2,BX,2I10,Fl10.0,F10.1,3110,F10.0,Fl0.4)

WRITE[11l,5057)1CODE
5057 FORMAT(IZ,BX,*FREQUENCIES*)

WRITE(11,5051)ICODE, (FF(J),d=1,20)
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E051 FORMAT(IZ,8%,20F5.2%
WRITE({11,5052) ICODE

E052 FORMAT(IZ,EX,*0OUTFUT LOCATIONS:+*)
WRITE(11,5053)1C0ODE

5053 FORMATI(IZ,BX,TH,*I/N*,TX,*J/M*, IX,*LATITUDE*, 1X, *LONGITUDE*,
1 * [LAT,LONG TC 2 DECIMAL PLACES|*)
DO 5054 I0l=l, MSTA

EQS4 WRITE(11,5055)ICODE, (LOUT(IOL1,J),J=1,4]

E0SS FORMAT{IZ,8X,4I10)
WRITE(L11l,50%68)IC0DE

5056 FORMAT|IZ2,8X,*LAND-SEAR GRID WITH ICE OF THE DAY
1 (DN, I /K %)

po 710 Ia=l,N
Bo 710 Jel,M
710 LOCC(I,J)=0
K550
JB=1
JF=21
IF(M.LT.21)JF=M
635 DO 640 JOi=JB,JF
640 LEAP{JO02)=J02
PRINT 641 ,(LEAF([J02),J02=JB,JF)
641 FORMAT({1H1,~LAND SEA GRID*/2X, *I“J%,2X,211%)

GRID SEA POINMTS

iy

oo 701 I0l=l .M
READ(%,104)(LEAF(J01),J01=JB,JF)
104 FORMAT(21I4)
IF(EOF(9})708,709
709 CONTINUE
WRITE(11,5060)ICODE, (LEARP({JO1),J0l=JB, JF)}
PRINT 643,101, (LEAP{JO0L),J01=J8,JF)
PRINT 636
S50E0 FORMAT(IZ2,BX,211I5%)
6431 FORMAT(2X,13,2X,2115)
636 FORMAT(L1X,/ /)
542 CONTINUE

po 701 JOl=JB,JF
IF(LEAF(JOY).GT.D) GO TO 707
LOCC({I01,J01)=IDEPCD(({-1)*LEAP{JOL))*(-1)
IF{LEAF{JO1).LT. -95) LOCC({IOl,J01l)=-20
Go TO 701

707 ES5=K55+1
LOCI(KS55)=101
LOCI{ES5)=J01
LDEP{KS5)=IDEPCD{LEAP{J0L}]
LOCC({IOl,J01)=KSS

701 CONTINUE
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c
c
c

(NN

[F RN E

s ReNeEe e EE!

JE=JB+11

JE=JF+21

IF{JF.GT.M)1JF=H

IF{JBE.LT.M150 TO 615
Tl WPTE=EESE

NPTSLl=MPTS=1

LDEF(NPTS1l =0

BLANE FILL TO EMD OF BLOCE COF 25 RECORDS

WRITE(Lll,5061)ICODE,NPTS

5061 FORMAT(IZ,BX,*NUMBER OF SEAR POINTS:+*,Il0)
IREC=15+3*N+HMSTA
“ALL BLANE{IREC,ICODE]

SEA POINTS FOR WAVE DATAR OUTPUT

DD 217 ISTA=L1 HETA

I=LOUT{ISTA,L)

J=LOUT({ISTA,2)

KS5=LOCC{I, J}

IF(X85,LT. L KES=NPTE]L
£17 LLOUT([ISTA|=ESS

SEA POINT WEIGHBOURING POINTS

DO 704 ES5=1,NPTS

I=LOCI[KSS)

JuLOCT[KS5)

o 704 IA=1,16

IU=I+IUA[LA)

JUsJ=JUA[ IA)

KESSA(KE5,IA)=LOCC{IU,JU)

IF{KS5A(RS55,IA).LE.0) KSSA(KSS,LA]=NFTS1

IF{MOD{IA,2).HNE.O) GOTOD 704

IU=I+IUAL(IA]

JUs T« JUALE IA]

LSSA(KSS,IA 2 )=LOCC(IV,JU)

IF(LSSA(K55, 1A 2).LE.0)LS5SA(E55, IA 2 =NPTS]
704 CONTINUE

GRID SIZE DEPENDENT FUNCTINS

DEFINE LIMITING VALUE OF SEA PEAK FREQUENCY AS FUNCTION
OF WIND SPEED

DX33=(DELXA100, )**(-0.33)

DO BBSS IU=1,100

Uld=TU*0.514

Flelf. 15*UU**(-0.34)*DX33
BB58 Vel (1.*TWOPI*Fl)
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c

BAST
BESS
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Cm(DELX 100, -0.01+W*DELT **(-0,33)
Flmlf. lS*Utew;.0,348}*D
IF(ABS{F2-F1).LT.2.001) GO TO BBLEY
Flul} G4 (Fl+F2)

GO TO BA5A

FFLIMi I /=0, 5% [FL+F2)
FMX|IU|=1.2753,U0

C CONSTANTS FOR PHASE AND GROUP VELOCITY
C AMND CHI ,OMEGA

c

3024

3025
026

iv0l

ITa2

Do 3028 I=1,WNFREQ

im] .

oo 3028 Le=l,20
GHEGAII,L]-THDPI*FrﬂI]'EQRT(DEPTH[LF‘IDD.IG]
HYP=TAMH|X*OMEGA( I, L)j*¥*2)
IFiAEEIl.fk-HTPI.LT..ﬂﬂUDUErGD TO 3025

X=1. /HYF

GO TO 3024

CHI(I,L)=X

CONTINUE

K=l

oo 3700 Le=1,20
GHEEA[EI.LJ-TNDPI*irr{HFBBQ]+¢.SEDELF{HFHEE]J
- *EORT(DEPTH(L*100..7°G)

HYP=TANH[ X*OMEGA( 22, L1 %w%2)

IFIABS(1l. /X-HYP).LT..000005)G0 TO 3702
K=l . HYP

GO TO 3701

CHI(22,L)=X

CHI(2Ll,L)=1.

3700 CONTINUE

0o 28 L=l,20

DO 2§ I=1,NFREQ

Cil,L)=G/( THORPI*FF(I)*CHI(I,L}}
PHI(I,L)ml.-OMEGA{I,L)**2+(CHI(I,L}
" *OMEGA(I L) )*+*2
EGEI.IL]-E':ItLJ'PHI‘IiL:fIE-i-
FFL1{I)=FF{I])*#*1l1
KCR{I,L)=TINC*CG(I, L}
IF(XCR{1,L).LT.DELX) GO TO 2929
XCR{I,L)=DELX

2929 XXD=DELX-XCR(I,L)s 2.

IF{XXD.LE.O. ) XXD=0.05
XD=DELE/RXD
EM33{I,L)=XD**0 33
BMZZ(I,L)=XD**],.22
XCH{I,L)=XCR{I,L)/DELX

1% CONTINUE
48 CONTINUE
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Do 3100 L=1,320
PHI(NFREQ+1,Li=1.
KCR{NFREQ+1,L)=0.
RM13(NFREQ+1,L)=1.
RMIZ(NFREQ+1,L)=l,

3100 CONTINUE

INITIALIZE PROPCGATION CONTROL CONSTANTS
(NOTE: SQUARE GRID )

3 % N

ICODE=1
IREC=(
Do 734 ITF=Ll,20
Do 734 L=1,20
DS=CG( ITF,L)*DELT
EMUX({1l,L,ITF}=D5/DX
EMUK{2,L,ITF)=D5/(0.707%2.%DX)
oo 734 Ias=l,:
IF({EMUX{IA,L,ITF).LE.L1.0) GO TO 734
EREM=EMUX( IA,L,ITF]
EMUX| IA,L,ITFi=1.0
IF(IA.NE.1] GO TO 734
DL=DEPTH([L]
WRITE(11,107)ICODE,FF{ITF},DL,TINC,EREM
107 FORMAT(I2,BX,*COURANT CONDITION,EXCEEDED FOR FREQUENCY®,
1 FLO.5,5¥,*DEPTH* ,F10.1,5X,*TINC=, FL10.2,
2 4X,¥RATIO", F10.5})
IREC=IREC+1
734 CONTINUE
ICODE=]
CALL BLAME(IREC,ICODE)
c
C MISCELANECUS TABLES AND CONSTANTS
e
oS L7 Iu=l1,100
VET=0.4%51 . 4%10
UST=VST
19 20=Cl/UST+C2*UST*UST-C3
USTL=VST RLOG(| (ZMZ-20) 20
IF(ABS(USTL-UST).LT.0.01) GOTOD 18
UST=USTL
GOTO 19
1A USTA(IU)=UST1
USTA4 ( IU =UST1%w"4
17 CONTINUE
o 721 IU=1,100
FPM{IU)=0.13¢9 Bl (IU*D.514)
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po T:L ITP=l,20
VARZw -1, 25= | FPH(IU) "FF{ITF]1m=*4
VARI=EXFOS [ WARD)
IFIVARI.LT.0.2E65 ) VARI=0 . 2EES*FFIITF 1 /FPMIIW)
FHMIIU,ITF 1=VARD
711 CONTIMUE

[

C INITIALIZATION OF ENERGY ARRAYS

C
ENA(NPTSL y=0.

402 DO 20 KE55=1,NPTS51
EFA{RES5 | =HFREQ+1
NFS(ESE|=NFREQ-4
ISWO[KESS | =NFREQ+L
Do EB4T WPM=L1,%5

BB4T EPMTRM(NPM, KES|=0.
FOA|KESS =0, 58
FSUM|iEES 1=0.5
ALPHA(ESS 1=0.01
THOA{ E551=0.
FOZ(KES)=0.5
ALPZ(KESS)=0.01
ESUMI K55 1=0.0
HFS[KES5 =20
EA[KS5)=1,0E -5
Do 21 J=1,MFREQ
EL(ESS,J)=0.

21 CONTIMUE
Do 20 TA=1,16
TEL(RSE, [A)=0,
20 COMTIMUE
REWIND LUIN
DO 210 ITF=1,20
BUFFER QUT{LUIN,O)(TEL{1,l},.TEL{SQ0,16]1)
IQERA=UNIT(LUIN]

210 COMTINUE

REWIND LUIMN
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":. T Yt Lttt iR R R 2R AR RS R R0 R R R R R R
Cew it et TR R R SRR R R AR SR R R R R R R R AR N R R LR LR R LR AL

C
START CLCULATIONS START CALCULATIONS START CALCULATIONS

LOQP STRUCTURE I5:
+ READ THREE HOURLY WIND MAP
+ TIME STEF SPECTRAL GROWTH
FEOPOGATION TRACE BACK
SWELL S50URCE
+ FREQUECY SPECIFIC WAVE GROWTH
+ SPACE BPECIFIC WAVE GROWTH
+ RNGLE SPECIFIC WAVE GROWTH
+ SATURATION SHAPING COF SPECTRUM
+ PEAK ENERGY BIN = PEAK PERIOD
+ PARAMETRIC "HIGH FREQUENCY TAIL" ENERGY

+ QUTPUT SPECTRA AND FIELD OF WAVES

c
c
c
C
c
c
<
c
C
c
o
c
2
c
C
C
c
c
c
Z
=
C
Z
c
CCCCCCCooECCCoeoCCooCeeceecoococcocecccecccccccccoccccccoccocococ
=

HRS=0.0

Do 1000 MHMAP=1,NMAFE
c
C INPUT A MAF OF WINDS
c

READ(Ll,1146)IDF
IF(EOQF(1))y 9999,520

1146 FORMAT(LIX,.ILD)

5§20 CONMTINUE
CALL SECOND{T1)
JE=1
JF=21
IF(M.LT.21)JF=M

§185 Do 5156 Is=1,NW
READ({L1,1144){F5W(J),I=JB ,JF]
b3 5156 J=JB,JF
KESS=LOCC(I,J)
WINDA(ESS )=FSW(J]1+0.5

5156 IF(WINDA(KSS).LT.S)WINDA(KSS5)=5
JE=JE+21
JF=IF+21
IF{JF.GT.M]JF=H
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s RN eNn]

5159

51%8

1144
1134

ouT

5070

637

114
113

116
115

103
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IF{JB.LT.HiIGD TC 5153

JE=1

JF=21

IF(M.LT.2L i JFaM

Do 5158 Is=l.M

READ(Ll, 1144 (FEWIJ),J=JB , JF]
0o 5158 J=JB.JF
KS5S=LOCC(I.J}

WDIR{KSS |=mFSW(J)1=0.%
IF|WDIR(KES) . LT.0 WDIR(ESS ' =WDIR{ K55 =380
JBE=JB+21

JFmJE+21

IFIJE.GT. M IF=M
IFIJB.LT.MGC TO 5159
FORMAT(Z1FE.1]

CONTINUE

PUT WIMDFIELD OVER EEAR POINTS OQNLY

ICODE=2
ZHRES=HRS
EHRF=HRE+CDT
WRITE(1ll,5070)ICODE,XHRS , XHRF,IDF, ICODE
FORMAT(I2,8X,*SERIES HEADER*,3X,
*WINDFIELD FROM RUN TIME:*,lX,F7.2,2X,
«TO* 1%, F7.2,5X,*FRCM STANDARD DATE/TIME:*,Ilds
IZ2,8X,*WIND SPEED (KNOTS),WIND DIRECTION™,
= 0 DEG I SFROM RIGHT TO LEFT, 90 I5 TOP TO BOTTOM™)

i Lad B B

JE=1

JF=21

IF(H.LT.21}JF=H

oo 103 I=l,H

oS 113 J=JB,JF
KE55=LOCC(I,J)
IF(ESS.LE.0) GO TO 114
LEAP{J 1=WINDA[EKSS )

GO TO 113

LEAP({J}=0

CONTINUE
WRITE{11,5060)ICODE, (LEAF(J05),J058=3B,0F)
oo 115 J=J8,JF
BES5=L0OCC{I.,J)
IF|KS5,.GT.NPTS) GO TO 116
LEAP[J )=WDIR|KSS )

GO TO 115

LEAP(J)=0

COKTINUE

WRITE(11,5060) ICODE,(LEAP{J0S),J05=J8,JF)
CONTINUE

JE=JBE+21




Directory  Table of Contents

c
c
c
c
c

JE=JF+21
IF{JF.GT.M ' JF=N
IFIJE.LT. M'Go TD &37
IREC=2#® 3=3fs2

CALL BLANEK!IREC,ICODE:

BEGIN TIME STEP LOOP

9094

5050

5013

4102
40

4450

DO 1001 ETIME=l,KTIMES
HESsHRS+TINC 3600.0

IPRF=0

IF(HRS.NE.CTIME) GOTC 5050
CTIME=CTIME+CDT

1PHRF=1

DO 40 KS5=1,NPTS

ESUMIKSS =0,

USUM{KSS =0,

VSUMIKSS =0,

AFDTKES5)=MFREQ+1

IUW=WINDA{ES5)

UST1=USTA4|IUW}

ALPHA( K55 ) =HBARF|EA[KS5) ,USTL)
IF|KFA(KSS5).LT.NFREQ-2) GO TO 5013
UST1=USTA[IUW)

Fo=FOR (K55

FHEBAR=FO=USTL G

UST1=USTL=*4
HIGHI=EPRH*FHEAR=w*{-3,33333;*U5T1
ALPHA(KES | =HBARF(HIGHL,USTL)
CoONTINUE

IF|{FOR(KS5).GE.FMX{IUW) ) GO TO 4102
FOR(KSS | =FMX[IUW)

KEFA{KSS 1=AFQT( I

L=LDEF(KS5)

CONTINUE

Do 4450 ITF=1,20

EFSUM(ITF =0,

DO 4450 RS5S=]l,NPTS
EFSUM({ITF)=EFSUM|ITF)+EL{KSS,1TF)
COMTINUE

REWIND LUIN

REWIND LUCUT

Do 4451 ITE=1,20

BUFFER IN(LUIN,D)(TEL{1,1),TEL{S00,16))
IOERR=UNIT|LUIN)
IF(EFSUM(ITF).LT.ELIM) GOTO 4454
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c

C PROPOGATION

o

c

751

752

750
4454

4451

Do TE0 IA=l,l6

Do 751 KES=Ll ,MNPTS

Le=LDEF|KES)

EMUL=EMUN{ IKEMU{IA),L,ITF)
BESU=BSSA(KSS, IA)

EMA(KESS )=(1.0-EMUL )*TEL( K55, 1IA)
1 - EMUL *TEL(ES5U,IA]
COMTIMUE

DD 752 ESS=1,MPTS

L=LDEP(KE5)

EMUl=EMUX[2Z,L,ITF)
IF{MOD(TA,2).HE.O) GO TO T52
LESU=LESA[KSS, IAA2)
EMBe(1l.0-EMULI*TEL(ES5, IA)+EMUL*TEL{LESU, IA)
EMA|KESE |=[ENMB+ENA(KES) )1 72.0
COMTINUE

DO 750 KS55=1,HPTS
TEL[KES,IAI=ENA(KSE)

COMTINUE

BUFFER OUT(LUDOUT,O}{TEL(L1,1],.TEL{500,16&}}
IOERR=UNMIT( LUQUT)

CONTINUE

LUTHP=LUIN

LUIN=LUOUT

LUOUT=LUTME

REWIND LUIN

REWIND LUOUT

C CALCULATION OF SWELL SOURCE

c

c

442

DO 441 KESS=1,NPTS
EMX(ESS 1=0.0
KMX=EFA{KES55)-3
IF{KHX.GE.19) EMX=20
IF{XMX.LT.l)] EMi=l

IFRQ(ESS =21

DO 442 ITF=2,EMX

IF(EL{KS5,ITF) .GT. EL(KESS5,ITF-1)) GO TO 442
IF(EL{KSS,ITF-1) .LT. EMX(KSS)) GO TO 442
EMX(KS5)=EL(K85,ITF-1)

IFRQIKSS )=ITF-1

CORTINUE

IF(IFRQ|KSS).GE.20) GO TO 441
ISWO{ K55 =21

IF (EMX(ESS) .LT. 1000.) GO TO 441
ISWO|KS5 )=IFRQ[ESS]
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c

c

443

441

2444

2445

2446

IIFRQ=IFRQ{ K55,

EEWL{KS5 |=0.0
EleSWCON*TINC*FFIL{TIFRQI*(EL[ESE, IIFRQI*AINC) **d

Do 443 ITE=ITIFRD, KHX

JERQ=ITE+1-IIFRQ
ETMF(ITF)=EL[ES5,ITF)*(1.0-X1+*SHPF(JFRQ)}
IF{ETMP(ITF) .LT. 0.0) ETHP{ITF)}=0.0

DFO 7

ESWL( K55 )=ESWL(KS5)«(EL(KSS,ITF) -ETHF(ITF!1*DELF(ITF)

CONTINUE
CONTINUE

REWIND LUIN

REWIKD LUQUT

Do 244% ITF=1,20

BUFFER IN(LUIN,O}(TEL{Ll,1),TEL(500,16]})
IDERR=UNIT(LUIN]

DO 2448 RK55=1,NPTS
IF({EMX|KS5) .LT. 1000.) GO TO 244E

IF{IFRQ{K55).GE.20) GO TO 2448
EMX=EFA{KS5)-3

IF(EMX .GE. 19] EMX=20

IF(EMX .LT. 1} EKMNX=1

IIFRO=IFRQ({ K55}
IFROHL=IIFRQ-1
IFRQMa=IIFRQ-4
IF{IFRQM4 .LT.l) IFRQM4m=]l

E={
KlwSWCON*TINC*FFLIL{IIFRQ}*{EL(KS5,IIFRQI*AINC)**2

IF[IIFR].GT.RFA(KSS)-41X1=0.0

IF(ITF.GE.IIFRQ .AND. ITF.LE.EMX) GO TC 2444
IF{ITF.GE.IFRAQMd .AND. ITF.LE.IFRQM1l) GO TO 2445
GO TO 2448

CONTINUE

JFRQ=ITF+1-IIFRAQ
ETME(ITF)=EL(K55,ITF}*({1.0-X1*SHPF(JFRQ}}
IF{ETHEP(ITF).LT.0.0) ETHP(ITF=0.0

GO TO 2446

E=E+l
ETHMP{ITF|=EL{KS5,ITF )+COEF(K)*ESWL|K55) /DELF{ITF)

CONTINUE
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2.2 thallew Water Wave Growth
[ALPHA]

In steady stace {constant winds and depthy conditions the
caleoulatzon =f JALPHA| daes not take into considecation the reduced
steady state spectral eguilibrium, due to the “KEZI" factor. This
results in higher wvalues of [ALPHA| which tends to generate higher
than expected rates of growth in the Fp and Hs. To solve this,
pach spectral energy bin was multiplied by the corresponding "KKI*
factor for the calculation of ALFHA.

Expenential Damping

BIO-RESIO uses an empirical freguency-depth-energy damping term,
sriginally taken from JONSWAP. This was only used to damp the
swell energy (which was defined as having frequencies below 0.7
times the spectral peak Efreguency). However, the propagating and
input (wind etc.) energies can be damped at all freguencies in a
exponential form. The exponential is made linear with time and
space to be compatible with the model mechanism., The results
demonstrate the only mechanism by which the development of the
spectral peak frequency is retarded in shallow water. This
behavior was seen to be compatible with the parametric SMBE
equations {used for the SULF hindecast study), the TEXEL experiment,
and some spectral shallow water models such as GONO.

Refractlion

The refraction eguaticns were reviewed and caorrected. Also the
spatial resclution was refined by defining the refraction
cross-slope over the directional guadrant of esach propagaticon ray
leading to the grid peints. Teo this, the progressive refraction
during the wave ray propagation over the changing depth to the grid
point, was analyzed and made linear (in a similar =method as would
be applied to the damping mechanism)

2.3 Tests and Observations

as further testing of the model demenstrated most of the
problems associated with the Beaufort application of the model
disappeared. Since full time step propagation was used, rather
than half step, there was less wave height persistence, as formerly
noted by Penicka. The hyper growth off of shallow water inte deep,
and the hyper fetch growth mentioned at the beginning of this
section, were alsc rectified. Duration restricted growth was also
on target. In summary, shert comings in the model performance were
cleared by the reversion of the model physics to the original
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c
C

2447
2448

244%

RR=ETMP(ITF)/(EL{KSS,ITF)+1.0)

DO 2447 IhA=1,16
TEL{KS55,IA)=TEL(KESS,IA)}*RR

COMTINUE

CONTINUE

BUFFER OUT|{LUOUT,.O0)(TEL(1,1),TEL{500,18})
IDERR=UNIT|LUSUT}
CONTINUE

LUTHP=LUIN
LUIN=LUSUT
LUDUT=LUTHMP

C SOURCE INTEGRATION
C LOOP STRUCTURE IS (FREQ|{SPACE(DIRECTION)})

C

113

Bi43

DO 56 K53=1,NPTS
ITmWINDA[EEE)
WIH=WDIR({KS55)*RADC
L=LDEP{ESE)

IANG=WTH /AINC =+ 1.5
EFRg=KFA| K55

IF (KEFRQ.LE.NFREQ) GO TO 113
SCIES5)=0.

FO=FOR({ K55 )

ALP=ALPHA{KSS)

GO TO 14

CONTIMUE

EMU=XCR{EFRQ,.L)
IF(IANG.GT.NDIR) IANG=]
IWDIR=THCA(KS5 ) /AINC+1.5
IF(IWDIR.GT.1l8 )} IWDIR=1
KEEEU=REE3A(KES5, IWDIR]}
IF(K55U.GT.NPFTOT) GOTO 8343
EMFU=EMU

EMF=l.-EHFU
ALP=ALPHA[ES5)*EMF+ALPHA{E55U ) *ENFU
FOI=FOA(ESS ) *EMF+FOA{ESSU ) *ENFU

DFO 7

FOm{FOI®#[-2,333)+TPRN/2.*USTA({IUW)**],333)**(-0.42083741)

ALP=(FO/FOI|**0.66666 *ALP
GOTO BE48

CONTINUE

FOI=FOA(KSS)

FO={FOI*#{-2,333)+TPRM/ 2. *USTA(IUW}®*1 33 )**( .0, 4285741,

ALP={FO/FOI)**0 . 66E66*ALPHA[ K55 ]
IF(FO.GT.FFLIM(IUW) ) GO TO BE48
FO=FFLIM(IUW)*RM3I3(KFRQ,L)
ALP=ALP*RMIZ(EFRQ,L)
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BE4E SCIKSE5)= 2500. *« ALPw#3  FOueg
14 CONTINUE
FOOOQ{ K55 )=1./FQ

FO2(ESS m(FOww (-2 333 ) +TPRM 2. *USTA(IUW)»*L 333 )ww .0, 4385741
ALPZ[KS5)=(F02 (K55 ) /FO)**0) . 668686 *ALF
Ef CONTINUE
E01 CONTINUE
DO 4468 K5E=1,HPTS
IU=WINDA BES)
KM=FSUM( K55
IFIXK.GT.FO2( K55 ) 1 XX=FO2(KEE)
KN=FPM{IU} /KX
IF(EX.5T.1.0) XX=1.0
HPM(ESS |mXXuwg
4458 COMTIMUE
C
C S5TART FREQUENCY LOOF
C
REWIND LUIN
REWIND LUOUT
3073 DO 30 ITF=1,NFREQ
BUFFER IM(LUIM,O0)(TEL(1,1),TEL(SQ0,16)})
F=FF{ITF]
FlO0=F+*100.
SIMFF=SINF{ITF}  RINC
IOERR=UNIT{LUIN}
C
¢ TCUCHDOWN DEPTH
c
TDD= (9 Bl /(Fex2#*5 283))%0.5
c
C START OF SPACE LOOP
c
Do 57 KSS=]1 ,HNPTS
SUM=EL[KES5,ITF)
L=LDEF( K55
ROI5SS=(CHI({ITF,L]**3=PHI{ITF,L}}
XKFACTR(KSSi=1.0
EINFES=SINF(ITF ) AINC=ALPHA|KS5)
IF({FF{ITF).GE. O.7*FOR(KESS)) GO TO 785
IF{SUM.GE. 1.0} GO TO TES
GO TO 7%
TES CONTINUE

EFRQ=EFA(KES)

L=LDEF|{KSS)

ETF=ITF-MFS({HES55)+1

IF{ETF.LT.l .OR. ETF.GT.5)KTF=1
EPI=EPMTRK(KTF,K55)
WTH=WDIR({ K55 ) *RADC
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c

IANG=WTH/-RIMNC+1 .5
IF({IANG.GT.NDIR) IANG=1
THO=THGA|{KSS )

TH2=( IANG-Li*=AINC
IUd=INDA{ESS )

K. =XPM{ES5)

BXd=-1 20%(FPMIIU ) AFFIITF)*CHI(ITF, L)} )%"q

KFACT=L, -XX1+-RX1*EXPOS(XX2)
IF(XFACT.LT.O0.D 1 XFACT=0.00001
XFACTR(KSS }=XKFACT

IF(FF(ITF). LT.0.95*FPM{IVI) ) XFACTR(KS5 =1,

FOL=FOOO( K55

IFR=FOI*FLO0
SCIFR=SC|RSS)*SNLA{IFR)*XFACT
EC2= -1.25+8SCIFR
IF(5CZ.LT.0.0)5CE=0.0

SUM=0.0

SHALLOW WATER CALTCULATICONS

Lo 901 IDIR=L,NDIR
ROAMIIDIR}=1.0
RREF(IDIR}=0.0

01 CONTINUE

DEPTH FIELD

939
913

CPDEP= DEPTHI(L)

DO 923 IDIR=1,15,2
ES5U=KS5A(KSS, IDIR)

BFDEP| IDIR)=0.0
IF(ESSU.LT.NPT51)150 TO 939
ImLOCI(REE ) +IUA{IDIR)
J=LOCJI(KSS)+JUA[IDIR)
LEU=LOCC(I, J)*(-1}
BPDEP{IDIR )=DEPTH(LEU)

GO TO 313

LEU=LDEP{RS5U}

BEFDEP|IDIR )=DEPTH({LEU)
CONTINUE

IDIEPL=IDIR=+1
IF{IDIRPl.GT.NDIRJIDIRFl=l
IDIRML=IDIR-1

BPDEP( IDIR)=CPDEFP*Q.076

+| (BPDEP| IDIRPl )+BPDEP(IDIEM1 )} 2.01%0.924

824 COMTINUE

C ETART OF ANGLE LOOP

c

DFO 7
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C
C BEFRACTION AND DAMPING FACTORS
c
oo 925 IA=1,NDIR
COX=DK
TOPMIN=AMINL(BFDEP( IA}],CPDEP)
IF( TOBPMIN.GT.TDD) GO TO 925
GO TO (931,932,932,932,933,934,934,934,935,%36,%36,5936,
1 537,938,938,938),1A
C

§3]1 XE521l=BEPDEF|4)
KEES2=BPDEP(L4)
X585 1=CPDEP
K554=BPDEP( 1)
DDYY=DDX*Z.
DORE=DDY
GO TO 940

9312 X551=BFDEP{4)
K552={CPOEP+BPDEF(L1))/2.0
K553i={ CPODEP+BPDER(5))/72.0
HE54=BFDEF( 29
IFiTA.EQ.3)DDX=DK*1.414
COYY¥=DDX
CoOXX=DDX
GO TO 940

§33 X551=BPDEFR(5)
¥552=CPDEF
K55i=BPDEF| 8
KSSd=BPDEF| 2)
DOYY=DDK
DOXX=DDX*2.
GO TO 940

G354 NEEl=wBPDEP(G)
¥E552=( CFDEP+BPDEP(9) /2.0
XESi=BRPDEP(8)
KES4=( CPDEP+BPDEF(5)1/2.0
IF{IA.EQ.7) DDE=DX=1.414
OEYY=D0X
DDXE=DDX
GO TO 940

935 X551=BPFDEP(6)
¥552=BPDEP(L12)
KE53=BPODEP(9)
K554=CFDEP
DoYYwDDR* 2,
DDXX=DDX
GO TO 940

9316 X55le|CPDERP+BPDERP(9))/2.0
¥552=BPDEP(Ll2)
XESI=BPDEP( 10}
¥554= | CPCEP+BPDEP(13)}72.0
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IF(IA.EQ.11) DDX=DX*1.414
DDYY=DDX
DoKX =DDX
GO TO 940

937 KE51=CFDEP
X5521=RBEDEP(113)
X5531=RBFDEP( 10}
X554=BFDEP(1&)
DDYY=DDX
COXE=DDX* 2,
GO TO 940

38 XSSl=(|CPDEP+BPDEP(Ll) )/ 2.0
N552=HPDEF( 14}
K553=( CPDEF+BPDEP(L31)72.0
XE54=BPDEF[ 16}
IFIIA.EQ.15) DDX=DX*1.414
DDYY=DDX
DDEX=DDX

940 CONTINUE

DHDY= - [ X551-X552)/DDYY
DHDM= - (XE553-NEE4) /DDNX
LE=BPDEP(IA)+2.5
LE=IDEFCDILE}
LC=LOEP|KES)

FACTORS AT MAXIMUM DEPTH

1y

TOFEAX=AMAX][BFDEF(IA],CPDEFR]
Ll=TOPMAX+Z.5
L1=IDEPCDILLl)
TEWHE2=2 , 0*CHI(ITF,LLl ) *OMEGA{ITF L1 %2
L=LDEF|[KEE)
DTOTHMAX=-CG[ITF, L)% (DHDY*COSR[IA}
1 +DHDE*SINE[IA) )
1 STOPMAN i
1 *TEWHE2 /{ STNH| TEWHZ )+ TEWH2 )
DELTT=DDX CG(ITF,L}
IF({ TDOPMAX.GT.TDOD | DELTT=DELTT*{ TDD - TDPMIN ) /| TDOPHAX - TDOFHIN]
RTOU= - COAMP/{9,B1l**2}* (OMEGA(ITF,LL)**2,/7(DEPTH(L1}*100.,G}) )/
1 {{SINH{ (OMEGA{ITF,LLl)**2)*CHI{ITF,L1l}}}**2}*DELTT
ROMPMAX=EXPOS{ RTOU]
C
C FACTORS AT MINIMUM DEFTH
c
Ll=TODPHIN+2.5
Ll=IDEPCDILLl})
TEWHZ= 2, 0*CHI({ITF,L1)}*0OMEGA[ITF,Ll)%**2
DTDTMINe -CG{ITF,L)*(({DHDY*COSR( IA]
1 +DHDX=SINR(IA)
1 STDPMIN ¥




Directory  Table of Contents

mon 0

N

DFO 7
1 *TEWHZ [ SIHNH{ TEWHI }+TEWH2 )
BTOU= -CDAMP/(9.Bl=%3 #{OMEGA(ITF,L11*=2,/(DEPTH{LL)*100. /G
1 {{SINH[ (OMEGA(ITF,LLl}*#*2 ) *»CHI(ITF,LLl}])**2}*DELTT
ROMPMIN=EXPFOS{RTOU]

TOUCHDOWN AVERAGE FACTOR

ODTOTIA=(DTOTHAX+DTDTHIN ) 2.0

I1F! TOPMAX.GT.TDDDTOTIA=DTDTIA* | TDD-TDPMIN) /[ TDPMAX-TDPMIN)
IF{DTDTIA®TINC.GT. . AINC)DTOTIA=AINC /TINGC

IF{DTDTIA.LT.0.0 .AND. DTDTIA*TINC+{-1.0).GT.AINC)
1 DTOTIA=[-1l.0)1*AINC/TINC

RREF|IAI=DTDTIA

RDAMP=( RDMPMIN+RDMEMAX ] /2.0
ROAM({IA)=1l.0- | TINC*CG{ITF,L)/DDX)*{1l.0-RDANP)

925 COMTIMUE
AMGLE SOURCE TEEM GROWTH

DO 5% IDIR=1,NDIR
IADIF=IABS{WOIR{K55) - INGLE(IDIR) }+l
IA=1AAD| IADIF )
ESP={TEL(ES5,IDIR}+EFI*COSEQ(IA) )
ESP=ESP+*RDAM|IDIR]

THDIF=ABS( ANGL({IDIR) - THO!
ITHDIF=BADDEG*THDIF+1 .01
ITHDIF=IARD(ITHDIF]
THDIF=ABS(ANGL{IDIR) -TH2)
JTHDIF=RADDEG*THDIF+1 .01
JTHDIF=IAAD({ JTHDIF )

WHDSRC=( SC2*GAMANG| JTHDIF ) |

ol JRDISS*=({1.+RDAM{IDIR] ) 2.
EWLe ([ SCIFR*GAMANG( ITHDIF 1)

= ARADISS=(1.+RDAM{IDIR) 172,

EN=ESF+ | SHL+WHDSRC ) *TINC
IF(EN.LT.1.0E-5) EN=1,0E-5
EREFRR(IDIR )=EN

85 CONTINUE
REFEACTION

Do 120 IDIR=1,HNDIR
IDIRPl=IDIR+1
IF{IDIRFL.GT.NDIR]IDIRPL=1
IDIEM1=IDIR-1
IF{IDIRML.LT.1)IDIRM1=NDIR
EPHON({ IDIR)=
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1 EREFRR(IDIR)*(1.0-ABS(RREF{IDIR)*TINC/AINC])
1 «EREFRR| IDIRML | *[(AMAXL( 0.0, RREF{IDIRML | *TINC/RINC)}
1 -EREFRR{IDIRPL }*{AMINL{O.0, RREF(IDIRPL}*TINC/AINC)

SUN=SUM+EPHON( IDIR}
120 CONTINUE
C END OF ANGLE LOOQP

C

C
I=LOCI(K3S)
JuLOCT{K55)
L=LDEP{KS5)

IU=WINDA[ESS !
KAPH=XPM KES)
IF(FF{ITF].LT.0.95*FPM!IU}] XXFM=1.
K¥a=1.0-XAPH
IF{KFAIKS5) . LT.NFREQ-2)GC TO 870
USTL=USTA(WINDA(KSS) )
FO2dX=FO2({KES
FMEAR=FOZX*USTL G
USTL=USTL*+*4
HIGHLI=EPRM*FHEAR®%{ -3 3333)1*USTL
ALP=HBARF({HIGHL,USTL)
IF{ALF.GT.ALPFZ(KS5) |ALP=ALP2(KES)
G2 TO 5012
B70 ALP=ALPZ[KSS)
5012 SINFES={SINFF/RDISS )"
1 (ALP*XNA+PM|IU,ITF)** 1. /CHI{ITF,L}**4 ) =XXPM*0.00BL)
IF{SUM.LT.SINFES) GOTO S6H
ALPZ(ES5|=ALP
RNORM=SINFES,SUM
SUM=SINFES
0o 58 IDIR=1,NDIR
EPHON| IDIR | =EFHON (| IDIR ) *ENORHK
58 CONTINUE
968 IF(ITF.LT.AFQ7(IU}} GO TO &8
CALL DOTPRD(EPHON,COSE,X5UM)
CALL DOTPRD(EPHCN,SINE,¥YS5UM)
USUM[{ESS ) =USUM(ESS | +XSUM*DELF(ITF)
VSUM(ESS |=mVSUM{ESS |+ YSUR*DELF(ITF )
IF(SUM.LT.SINFKS)GO TO &8
EF{ES55=5INFES
ESUM{ESS jmESUM(ESS ) +SINFES*DELF{ITF)
* *ROISS /XFACTR(KESS)
Do 69 IA=l,1l8
TEL(KSS,IA)=EPHON( IA)
69 CONTINUE
GO TO 57
68 CONTINUE
DO 64 IA=1,16
TEL(ES55,IA)=EFHON| IA)
£4 CONTINUE
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TES AFDT(EES ) =ITF
SINFER({KSS5|=S5INFES*AINC
EF K55 )=5UN
ESUMIEES )=ESUM(ES5 ) +SUM*DELF | ITF )
= *RDISS/XFACTR(KEE}
57 CONTINUE

EKD OF SPACE LOOP

BUFFER OUT(LUOUT,O)(TEL{L1,1),TEL(500,16}]
DO 51 RES=Ll NPTS
51 EL(EE3,ITF)=EF[KES)
ICERR=UNIT( LUOUT )
30 CONTINUE
LUTMP=LUIMN
LUIN=LUOUT
LUQUT=LUTHMP

END OF FREQUENCY LOOP

PEAK EMERGY BIN

DO 317 K§55=1,NPTS
EMAXTH=0.0
KFQ7=NFREQ
DO 983 ITF=1,NFREQ
EMAXIM=EL[KSS,ITF}
IFIEMAXIM.LT . EMAXTM=+1.0)G0 TO 983
EMAXTM=EMANIM
KFQ7=1TF

%83 CONTINUE
FSUM{KSS)=FF{KFO7)
KFA[KSS)=XF07

117 CONTINUE

DO BE KS5S5=1,MPTS

EFRQ=AFOT(K55)+1

IF(EFRQ.LT.20) GO TO 123

IF(KFA(KSS5).LT.20) GO TO 123
IF({FOA{KSS).LT.FF({NFREQ)) FOA(KSS |=FF[NFREQ)

PARAMETRIC HIGH FREQUENCY

IN=WINDA(KSE5)
UST1=USTA(IU}
IWDIR=THOA(KSS) /AINC+1.5
IF{IWDIR.GT.16) IWDIR=]
KSSU=KSSA|KSS, IWDIR)
IF(ESSU.LE.HNPTS} GOTO 7740

DFO 7
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IF({FOA[KSS).LT.FFLIM{IU)) FOA(KSS1=FFLIM(IU)
Te(FOA[KSS5)®= .2 33333 |+TPRN=|USTL)**(1.33333)1%*(0.42857143}
FOA[KSS5)=1.,T

FEUMIKSS =1, /T

IF(FOAIKESS ) LT.FMX(IU) ) FOR(KSS )=FMX[IU]
ITF=MFREQ

IF{FOA(ESS) . GT.FF( 2031530 TO 5010

oo GBEE ITF=12,MFREQ
IF(FOA(KSS) . LE.FF{ITF | +DELF(ITF) GO TO GEBS
COMTINUE

KFRi{KES5|=ITF

HFS(KS5)=ITF-3

IFINFS(K55).6T.18) HFS(ESS5)=1l6

C CALCULATE ENERGY INTO DISCRETE SPECTRUM FROM PARAMETRIC SOURCE

C

ga4s

123

89351

FHBAR=FOA(KESS)*USTL /G

UST1l=USTAL | IU)
HIGHE=EPRM*FMEAR®="| -3, 3333 *USTL
HECALE(KSE 1 =HIGHEE

EA(ESS )=HIGHE

ALPHA(FS5 =HBARF(EAIKS3) ,USTL)
EFM=FOR({ESE ) ** | -5} =ECONST*ALPHA{KSS)

DO BB4E NPN=1I1,5

MPM=NF5{K55) - l+NPN
KE=EFM*EXPOS| «({ FF(NPHI /FORIKESS) 1% {-4.1)
IF (FOA(K55).LT.FF{NPH)} HE=ALPHA|KSS5)*ECONST/FF{NFM]*=5
KED=ME-EL(KES ,HPM | *AINC
IF{XED.LT.0.01XED=0.0
EPMTRE(NPN,FES | =XED*EPINEN

THOA[EES )=WDIR(KS5)*RADC

GOTO 66

IU=WINDA[ESS)

IANG=WDIR|KS55)/22.5+1.5

IF( IANG.GT.NDIR) IANG=l

DD 9951 WPN=Z,%

EPMTREX [NPN,K55 =0,

HIGHE=HEO=ALPI({K55)

USUM{ESS | =USUM{ESS | *AINC+HIGHE*COSR [ IANG)
VEUM|KSS |=VEUM[ESS | *AINC+HIGHE*SINR [ TANG]
USUM| K55 | =USUM{ESS ) +0. 000001

i=Y5SUMIKSES)

Y=USUM({ESS)

THOR[ES5 j=ATANZ (X, Y]

IF(THOA(KSS5) . LT.0.) THOA{KSS)=THOA{KSS =THWOPI
EA(KSS = [ESUM(KSS5)*AINC) +HIGHE
UST1l=USTA4({IU)

ALPHA( K55 )=HBARF(EA{ES5),USTL)

HSCALE{ESS j=ALPHEA(KSS

# {DEPTH(L)*100./({2.*CHI(22,L)*OMEGA(22,L)*"d)j¥*2
L=LDEP(KESS5)
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KFRQ=AFOT [ RES)
IMIN=ZFLIKFRO ) *EL{ESS  EFRQ+1 1 *AINC
LI=ELIE35,EFRQI1=AINC-ZHIN

1i=SINFER(KESS)-IMIN

Z2=pBS{221+0.001

PC=2l 22

IF(PC.LT.0.0PC=0.10

IFI(PC.GT.1.0/PC=l .00

FOA[KEES | =mFF(KFRQ+1)-2.*PC*DF2{EFRQ]

IF(ABS ! THOA (K55 ) -RADC*WDIR( K58 ) .GT.0.B) GO TO &8
IF(FOA(KSS) . GT.FFIEFR(EES 1+ ) JFOA K55 ) =F5UH | K55}
CONTIKUE

C END OF TIME STEP LOOP

£
C

C DATA CYZILE CUTPRUTS

<

c

oo

IF(MSTA.LT.l| GO TO 4631
IF(IPRF.NE.L1)GOTOD 46531
REWIND LUIN

Do 300 ITF=1,20

BUFFER IN (LUIN,Q}(TEL({1,1),TEL(S500,1&]1)
ICERR=UNIT| LUIN

Do 300 IAa=l,1&

Do 300 I0L=1,METH
KSS=LLOUT(IOL}
TEL1(IA,ITF,I0l)=TEL(KSS,IA]
CONTINUE

C STATIOR CYCLE

c

02

04
05

03

2

DO 301 ISTA=1,MSTA

IF({LLOUT{ISTA).GT.NPTS)GO TO 301

ICODE=3

WRITE(11,302)1CODE

FORMAT(I2,8X,8X,*HRE= 7X, *MAPF*, 3X, *DATE-TINE*, 2X,
“STATION#+*,9X, #I+, 9X,~J* 2X,*LATITUDE*,1X,
+*LONGITUDE* ,2X, *DEPTH{ M) *)

I=LOUT{ISTA,Ll}

J=LOUT{ISTA, 2}

ES58=LOCC(I,J)

IF[KES5.LE.NPTS] GOTO303

DO 304 I0Ll=2,50

WRITE(Lll,305)

FORMAT( =00+, 8X)

GOTO 301

IDCEPTH=DEPTH(LDEP(KSS))

ICODE=4

DFO 7

WRITE{11,306)ICODE,HRS,NMAP,IDP,ISTA,I,J,LOUT(ISTA,3),

LOUT{ISTA,4),IDEPTH
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I06 FORMAT(IZ,BX,F10.2,I10,2X,7110)
ICE‘ﬂE-i
WRITE{ll.307)1ICODE
137 FORMAT(IZ,.8X,.*A V E R A G E*,21X,* 8 E A*,23XK,*5 W E L L*)
ICODE=E
WRITE(ll,308)I1C0DE
i08 FORMAT(IZ,BX,3(4X,*HEIGHT*,4X, *PERIODY,1X,*DIRECTIONY) ]

L SER AND SWELL

SuUM=0.0
Uss=1.0E-5
vEs=0.0
F55=1.0E-5
DO 309 ITF=1,NFREQ
EF(ITF)=EL{K55,ITF)*AINC
SUM=SUM+EF({ITF)*DELF{ ITF}
FSSmF55+EF(ITF | *DELF( ITF})*FFi{ ITF)
Do 309 IA=l,l6
USS=USS+TELL{IA,ITF,ISTA)*COSR{IA)
VSS=VSS+TELL (LA, ITF,ISTA)*SINR(IA)
109 CONTINUE
TS55=5UM/F55
IF(TS5.LT.1.0/FF(20)}) TSS=1.3/FOA(KSS}
TANG=ATANZ (VS5 ,US5) *RADDEG
IF(TANG.LT.0.) TANG=TANG=-3580
Toh=1.0/FOA(KSS]
TSWL=1.0/FF( ISWO(KS5])
THSEA=THOA{ K55 ) *RADDEG
SUM=SUM+HSCALE[ K55
1501 ESWL(ES5)=0.0
Ill=KFA{KESS)-1
IF({Ill.LT.1)1Ill=1
DO B701 ITF=1,I1l
XX=2.T1B8*EXPOS( - (FOR{KSS ) /FF(ITF))*"4)
IF(XX.GT.1.0} XX=1.0
ESWL (K55 )=ESWL(KSS)+EF{ITF)*DELF(ITF)*(1.-XX)
8701 CONTIMUE
HSWL=d.0l*SQRT(ESWL(KS55)+1.0E-10}
IF{TSWL.NE.l.] GOTO 8715
HSWL=0.
ESWL(ESS)=0.
THSWL=0.
GOTO 8716
B715 XC=0.
YCo=0.
IL0=EFA(KSS)
DO 8702 ITF=1,I10
RRel.-EXPOS{-(FOA(KSS)/FF{ITF))**4)*2.718282
IF{RR.LT.0.0)RR=0.0
DO BT702 IA=l,l6
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KC=XC+TEL1(IA,ITF,ISTA}*COSH|IA}*RE

¥o=YC+TELL | IA,ITF,ISTA)*SINR|IA*RE

CONTINUE

THEWL=ATAMNZ (¥C,XC+1.0E-10)*RADDEG

IFiTHSWL.LT.0.] THSWL=THSWL+3I60,

ESER=SUM-ESWL|KSS)

HEEA=4 . Jl*SORT(ESEA+1.0E-10}

HT=4.01*SQRT(SUM+1.0E-10)

ICODE=T

WRITE(1l1l,310) ICODE,HT,.TS5,TANG,HSEA, TOA, THEEA,
HEWL , T5WL, THEWL

110 FORMAT(12,8X,9F10.1)
1-DIMENSIONAL SPECTRUM

ICODE=B
WRITE(11l,321) ICODE

321 FORMAT(IZ,B8X,*l DIM. SPECTRUM...ENERGY FOR: FREQUENCIES*,

3ll

1

= .0588 TO .0%1, .1 TO .143, .154 TO .25 +HSCALE+)
Do 311 ITF=1,NFREQ
ELL(ITF)=EL(KES,ITF)*AINC

ICODE=%
WRITE({1l,312) ICODE, (ELL{ITF),ITF=1,7)
ICODE=10
WRITE(1l,312) ICODE,(ELL{ITF),ITF=B,14)
ICODE=1l

WRITE(11,312) ICODE,(EL1(ITF),ITFel5,20),H5CALE|(KSE)

312 FORMAT(IZ,8X,7EL3.6)

2 DIMENSIOMAL SPECRUM

ICODE=l2
WRITE({1l1l,313) ICODE

313 FORMAT(I2,8X,*2 DIM. SPECTRUM =,

116

315
314

END

ol

2
3

*... FOR DIRECTIONS 1-8/9-16(ACROSS]) (DIRECTION *,
*A5 RESIO CORNVERTION)*)
ICODE=]2

DO 314 ITF=1,NFREQ

DO 316 IAel,NDIR
TELL1(IA,ITF,ISTA)=TELL{IA,ITF,ISTA)*AINC
IF(TELL{IA,ITF,ISTA).LT.1.0)TELL(IA,ITF,ISTA)=0.0
WRITE(1l,315)ICODE,FF(ITF), (TELL(IA,ITF,18TA),IA=1,8]
WRITE(11,315)ICODE,FF(ITF),{TELL1{IA,ITF,15TA),IA=9,15)
FORMAT(I2,2X,F6.4,BE10.3)

CONTINUE

OF SINGLE STATION

CONTINUE
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PRINT THE WAVES FOR AREA OF INMTEREST
PRINT 6.28,HHS
WRITE(15,628) HRES
628 FORMAT(1HL,2X,*AREA WAVES AT EWD OF:*,FL0O.2,*HRSw,
1 ® - HEIGHT(CM) ,PEAE SEA PERIOD(SEC),DIRECTION®,

2 *(ZERC DEREES POINTS TO RIGHT)®)
REWIND LUIN
DO 319 KSS=1,NPTS
USUM({ KSS =0.0
319 VSUM({KS5)=0.0
REWIND LUIN
Do 118 ITF=1,20
BUFFER IN (LUIN,O)(TEL(1,11,TEL{300,16))
IOERR=UNIT(LUIN)
DO 318 K5S=1,NPTS
DO 320 IA=1,16
320 EPHON{IA)=TEL[KSS,IA)
CALL DOTPRD (EPHON,COSR,XSUN)
CALL DOTPRD (EPHON,SINR,Y¥SUM)
USUM{ KS5 )=USUM({ K55 ) +XSUM=DELF| ITF)
3118 VSUM(K55)=VSUM(ES5 |+ YSUM*DELF(ITF)
REWIND LUIN

DO 325 K55=1,MPTS
IANG=WDIR(KSS) 22.5+1.5
IF|IANG.GT.NDIR)} IANG=1
USUM{ESS j=USUM(ESS ) *AINC+HSCALE( KES ) *COSR( IANG y+0. 0000001
VEUR{RSE j=VEUM{ESE8 ) *RINC+HESCALE{ K55 ) *5INR( IANG)
X=VSUM{K55)
Y=USUM({K55)
325 USUM(BSS |=ATANZ(X,Y)

DO 630 JO2=1.M
LEAP(JO2 j=J02
630 CONTINUE
JE=]1
JF=21
IF(M.LT.21)JF=M
626 PRINT 629,(LEAP(J02),J02=JB,JF)
629 FOBMAT(2X,*I/J*,2X,2116/)
WRITE(15,629) (LEAP(J02),J02=JB,JF)
Do 625 I0l=1,M
DO 622 JOl=JB,JF
JINT=JF-JB+1
ENMA[JOL}=0.0
ENA(JOL+JINT ) =0,0
ENA(JOL+JINT-JINT }=0.0
K5S=LOCC{ 101,301}
IF(KS5.LT.1) GO TO 622
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623

622

€24
625

C EHND

4655
4651
1001
1000
9999
2998

SUMi=(.0

oo 623 ITF=1,20
SUMI=SUMI+EL( M55, ITF ) *AINC*DELF{ITF}
SUMl=SUMLI+HECALE K55
EME(JD1l)=4 . Q1+*SQRT(SUMLl+1.0E-10)
ENE(JOLl+JINT =L, /FSUM{RES
ENA(JDL1+JINT+JINT j=USUM| KS5 ) *RADDEG
CONTINUE

PRINT &£24,I01, (ENA(JOL),.JO0l=JB.JF}
WRITE(Ll%,624) IOL,(ENA[JOL),J01l=JB,JF]
Ml=JF+1l

MimJIF+JINT

PRIMT &24,I01, (EMA(JOL), JOl=M]l, M2}
WRITE(Ll53,624) IOL,(ENA[J0Ll),J0l=M1,H2}
MlaJF+JINT+1

Mi=sJF+JINT+JIMNT

PRINT 624,I01,(ENA(JOL),J01l=M] M2}
WRITE(15,624) IOLl,(ENA{J01),J0l=HL,H2}
FORMAT(2X,13,2X,21F6.1)

COMTINUE

JE=JB+21

JF=JF+21

IFIJB.LT.H}GO TO 628

OF TIME STEP OQUTPUTS
CALL SECONDI(TZ2)

Tl=T2-Tl
PRINT 4655, T1

FORMAT{1X,"TIME FOR ONE MAP",Fl2.6," 3ECS")

COMTINUE
COMTINUE
COMTINUE
CONTINUE
STOP

END

DFO 7
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CCoCCorCCCCCCCCeCCCCoCoCoCCCCCCoCCoCCCCoCCCCCCCOoCeCCCCOCECCtaite
c
C EUBROUTIMES - FUNCTIONS - SUBROUTIHES - FUNCTIONE - SUBROUTINES
c
e n an sl s sl e eesaaseiafslaiaialo ol slalalaiafatnlnl fafat el ol il ol nt ol o
C
© BUILD A FILE OF 25 RECORDS PER BLOCK, 120 CHAR PER REC
C
EUBRROUTINE BUILD(IFILE,IREC, ICODE)
COMMOR ISTRING| 11
IREC=D
1 READ(IFILE,1000) (ISTRING(J).Jd=1,12}
1000 FORMAT(LZIALO)
IF{EOF(|IFILE)) 999,2
i CONTIRUE
WRITE({l1l,2000) ICODE,{ISTRING(J),J=1,12]
2000 FORMAT(IZ.EX,1ZAl0)
IREC=IREC+1
GOTO 1
99% CALL BLANK({IREC, ICODE)
RETURK
END
C
EECCCCCCCCCCCECECCCCECECCEECﬂECCCCCEECEECCCCCEEEEEEECEEEEEECEECC
c
C FILL REST OF BLOCK WITH BLANK RECORDS
c
SUBROUTINE BLANE (IREC,ICODE)
§ IF{IREC .LT. 25) GO TO &
IREC=IREC-25
GO TD &
6 IREC=IREC+1
IF{IREC .LE. 1) RETURHN
oo 1 I=IREC,25
WRITE(11,1000)ICODE
1000 FORMAT(IZ,BX)
1 CONTINUE
RETURN
END

C
CCCCCCCEEECECCEECCCECEEECEEEEECCECCCECECCECCCCEECEEEEECCCEECCCCE
c
C PHILLIPS CONSTANT
c
FUNCTICN HBARF (E,UST4)
EBAR=960400.*E/UST4
HBARF=0.044*EBAR"*(-0.2)
IF (HBARF.LT.0.008) HBARF=(.008
RETURN
END
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(ool al o o ] i o o o o ] o ] o o o o o o o ] o o o o ]

(nf
C VECTOR DIRECTION
C
SUBROUTINE DOTPRDIX,Y.Z)
DIMENSION X(16),¥(16)
=,
DD 1 II]..I]-E
imZTeB Iy (I}
1 COMTINUE
RETURMN
END
[
o o i o ] ] o o o
c
£ DEFTH IN METERS FROM DEFTH CODE
c
FUMCTION DEPTHI(L}
DEFTH=FLOATIL)
IF({L.LE.16] DEPTH=[L*5.}
IF{L.GT.16}) DEPTH=({L-16)*10.+B0.0
IF{L .EQ. 20) DEPTH=9559.9
IF{L.LT.l)DEPTH=5.0
RETURN
END
c
o o o o o o o o o o o L o o sl o o
c
T DEPTH CODE FROM DEPTH IN METERS
oy
FUMCTION IDEFCD(L)
IF(L.LT.B0) JeL/s5
IF(60.LE.L.AND.L.LE.120] J=(L+5-80)/10.+16.
IFIL.GT.120) J=2D
IDEFCD=J
RETURN
END
c
o o o o ] o o o oo i o g o ol o o
£
£ MATURAL NUMBER EXPONEMTIAL VALUES
c

FUNCTION EXPOS (X)
IF(X.GT.-670.0) GOTO 101
EXPOS=0.0
RETURN

101 IF(X.GT.741.0)GOTO 103
EXPOS=EXF(X)
RETURN

103 EXPOS=EXPF({741.0)

RETURN
END
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g 999 999 999 §39 999 999 899 L..........eei.een.
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GRAPHIC REPRESENTATION OF BATHYMETRIC GRID

Grid point
representation
o o e
R permanent land grid points
::.. storm specific ice grid points
299 open water point of "infinite" depth
50 open water point of finite depth

Note: The actual model grid is a 55 point horizontal and
40 peint vertical system of grid point depths.
Permanent land or pack ice points are represented by a
" o " depth. Temporary or storm specific, pack ice is
specified after the digitization program by a negative
depth (which is a code to ensure real refraction along
the ice sdge).
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FROGRAM STRMICE
1 IQUTPUT,TAPEI,TﬁEEE.ThPE3.TAPE¢.TﬂFE§-ﬂUTFUT}

c
CCCCCCCCCECCEECCCCECﬂCCCCC:CECEttECCEtCCEEECCECCEECC:CEEECCCECCCCCC

ETRMICE DETERMINES THE OPEN WATER AREA CF A PREDEFINED STANDARD
GRID

THE STANDARD GRID FOR THE BEAUFORT SEAR SHOWS MAXIMUM RETREAT OF
THE SEASOMAL ICE PACK. THIS PROGRAM INPUTS A SET OF LAT. LONG.
POINTS WHICH DEFINE THE PACK ICE FOR A SELECTED DAY.

TAPELl...THE RESSID FILE "GDPTS"
TAPEZ2...THE BATHYMETRIC GRID AS WOULD BE INPUT TO TH WAVE MODEL
IF MAXIMUM WITHDRAWL OF ICE WERE BEING USED
TAPE1...THE JOB INPUT CONTROL PARAMETERS
1, A SELECTED OPEN WATER PFOINT LAT,LONG
AND THE NUMBER OF POINTS REPRESENTING THE OVERLAY
ICE EDGE LAT,LONG
2. IN A SERIES OF ADJACENT ICE EDGE POINTS
- & LIST OF LAT,LONG CO-ORDIMATES
TAPE4...THE OQUTBUT FILE FOR INPUT TO THE WAVE HODEL
TAPES...THE HARD COPY OUTPUT

IBATH...THE TAFEZ INPUT

XICELAT,XICLON...THE OVERLAY ICE EDGE POINTS

AGRDLT,AGRDLN...THE TAPEl INFUT

ICE...A CODED FOR IDENTIFYING THE GRID POINTS AS LARD, SEA,
ICE EDGE, OLD PACK ICE, DAILY PACK ICE

ECECECCECCECCCCCCECECCCCEECEﬁCCECECECCCECECCECCCCCCECECCCCCCE

nr1n|ﬁr1nrﬂr}nr1n|ﬁriniﬁrrﬁr1r}n4ﬁr:nr1r}nlﬂriﬂf1

DIMENSION IBATH(40,55),

L Y¥ICELAT(LO00} , XICELOW(Ll0D),
" AGRDLT( 40,5%), AGRDLN{40.553).
" ICEIiL100), ICEJ(100) .,
* ICE[( 40,55}, 1DOME(40,55),
* ESS5AI(4), KSSAI(4),
* ETITLE( 8}

C

CATA ESSAIAL,-1,0,0/

C

C INITIALIZE

C

DEGRAD=(2%3.1428) /360,
IRNUM=1

oo 18 I=l, 40

po 18 J=1,55
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ICE[TI.J)=1

18 IDOWNE(I.J)=0
DO 19 E=1,L100
KICELAT(E)=0.
KICELOM(Ei=0.
ICEI (K =0
ICEJ[R)=0

19 CONTINUE

READ IN "LEAP"

s N ErEE

Do 10 E=1,40
I=41-K
10 REARD(2,1000) [IBATH(I ,J).dml, 1)
Do 11 E=1,40
I=ql-K
11 READ(Z2,1000) (IBATH(I,J), J=dd, 42}
Do 12 E=1,40
Imdl-K
12 READ(2,1001)¢(IBATH(I,J),J=43,55)
1000 FORMAT Z1I4)
1001 FORMAT(13I4)
=
C READ IN TAPE3, INPUT CONTROL
c
READ( 3,1006) (KETITLE(K) K=l ,8)
1006 FORMAT(BALOD)
READ( 33,1002 )SEALAT, SEALON, NUM
1002 FORMAT(ZFl2.E&,I6)
DO 13 Es=1,NUM
13 READ( 33,1003 ) XICELAT(K ), XICELON(EK)
1003 FORMAT|{2Fl2.6)
c
= READ IN TAPEl, "GRDPTE"
L=
0o 14 E=1,2200
READ(1,1004)J,1,ALON,ALAT
1004 FORMAT(213,2F12.6)
AGRDLT(I,J=ALAT
AGRDLMN{I,J)=ALON
14 CONTINUE
c
r__*--..|”|-qﬂ-.‘-|-ni-t---l-i-i-t---tiii-l*ﬂﬂ1|n-ﬂ!rﬂi-tlliiiltttiitiiiiil*
c
T BEGIN PROCESSING
c
Cﬂi‘1-i-tittiti-ti-tttllttltti-l-'llﬂ-!l"l'lﬂi"‘l‘ii--i’-*ill-‘l“l‘l"ll"l!'!'.
c
C LOCATE ICE EDGE ONTO NWNEAREST I,J GRID POINT
=
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Do 20 E=l,NUM
XLON=XICELON( K]
ELAT=XICELAT( K]
KICEII=100.
oo 21 I=l,40
oo 21 J=l, 55
Bw{ XLOM-AGRDLH({I,J) 1 *DEGRAD
Al=XLAT+*DEGRAD
Am[COS(ALl |"ABS[A) ) **2
Bwi ALAT-AGRDLT(I,J))*DEGRAD
Bwi ABS(B) ju=2
Cmfh+B
C=SQRT(C)
IFIC.GE.XICEIJ) GO TO 22
HICEIJ=C
ICEI(E)=1
ICEJ(K)=J
22 CONTINUE
2L COMTINUE
ICE{ICELIiK},ICEJ(K) ==1
10 CONTIMUE
c
C GEMERATE S0LID I,J BOUMDRY BY COMECTING UF IHNPUT ICE EDGE PTS.
g
HUMl=NUM-1
0o 310 Kel,NUML
Il=ICEI(K)
I2=ICEI[K+l]}
Jl=IZEJ[K)
JimICEI(K=1l}
IDIF=I2-I1
JEIF=JZ-J1
IF(I1.EQ.I2.AND.J1.EQ.J2) GO TO 30
KLENGTH=IDIF**2+JDIF#%2
KLENGTH=SQRT( XLENGTH )
INUM=XLEMGTH®=3 . +0.5
Do 31 He=l, INUM

LOCATE POINT BY SIMILAR TRIANGLES

e

XKI=0.3333+N/XLENGTH *IDIF +I1
XJ=0.3333*N/XLENGTH *JDIF +J1

FIND NEAREST GRID POINT FROM SURROUNDING FOUR I,J'S

N

IA=XI
JA=ET
IE=XI
JE=XJ=1.0
IC=XI+1.0
JC=XJ+1.0
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N nen

(F R R RE]

ID=XI+1.0
JDO=X.J]

Khm (RI-Ih)w=d
KBm|XI-IB)**3
KCw(XI-IC)mwd
¥Dm |XI-ID|#**2

4+
*
+

™

(RI-JA)**2
(XJ-JR)*=2
{XJ-JC)ww2
[XJ-JD)*w2

Ea=S50RT (XA =L000.
KE=SORTIXB*1000,
EC=SORT(XZy+1000.
EC=SORT (XD #1000,
EFT=MING( KA, KB, KC, KD}
IFIEPT.EQ.EAVICEIIA,JR}=-1
IF(EPT.EQ.KBIICEIIB,JE}=-1
IF(KPFT.EQ.KCIICE(IC,JC)=-1
IF{EPT.EQ.ED}ICE(ID,JD)=-1

31 COMTINUE
30 CONTINUE

EMD OF ICE EDGE BOUKDRY

FIND NEAREST I,J TO SEA POINT

MLON=SEMLON
KLAT=SEALAT
KICEIJ=100.
Do 41 I=Ll,40
DO 41 J=1,55

A= XLON-AGRDLN[I,J) ) *DEGRAD

Al=XKLAT*DEGRAD

A={COS{AL}*ABS(A))**2
Ew=|{XLAT-AGRDLT{I,J) ) *DEGRAD

E=(ABS(B)j**2d
Cmp+B
C=S5QRT(C)

IF{C.GE.XICEIJ)GO TO 42

KICEIJ=C

IZEAI=T

ISEAI=J
42 COMTINUE
41 COMTINUE

ICE{ISEAI,ISEAJ)=BB8E

FILL IN OPEN WATER BY CONECTING TC INITIAL SEA POINT
AND NOT CROSSING LAND OR ICE EDGE BOUNDRY

JEUM=0

S0 IF(IRNUM.EQ.O0) GO TO &0

IF{JNUM.GT.100)5TOF

IRNUM=0
Do 51 I=1,40

DFO 7
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DO 51 J=1,5%
IF(ICE(I,J).MNE.B888) GO TO 51
IF(IDOMNE(I,J}.EQ.1) GO T2 351
Do 54 Es=1,4
IBP=1+KS5ATI (K]
JEP=J+HESAT(K)
IF| IBATH(IBP,JBP).EQ.0) GO TO 54
IF(ICE|IBF,JBP].NE.L1} GO TO 54
ICE(IBP,JEP)=2868
54 CONTIMNUE
IRHUH=IRHUH+1
IDONE(I,J)=1
51 CONTINUE
JHUM= JHUM+1
GO T2 30
c
C END OF SEA POINT IDENTIFICATICH
E*“*"' N .“tttt‘."'j.ﬁ.‘tti‘ltiﬂ-ﬂ*ﬂi.ii‘."-.ti‘.‘l"‘ﬂ‘ﬂ“-ﬂ‘ﬂ‘.“.--‘-.‘
c
C SETUP OUTPUTS
c
60 DO 61 I=1,40
Do &1 J=1,55%
IF{ICE(1,J).EQ.BB88)GO TO 62
IF({IBATH(I,J).EQ.0) GO TO 62
IBATH(L,J)=IBATH(I,J1*({-1}
62 IF{ICE(I,J).NE.l} GO TO 61
IF{IBATH(I,J}.EQ.0)ICE(I,J}=0
&1 CONTINUE
c
- WRITE RESULTS
c
C RECORD FILE "LEAP"
c

WRITE(4,2002)(KTITLE(K),K=1,8)
2002 FORMAT(BAR1D)
po 70 E=1,40
I=ql-&
70 WRITE(4,2004)(IBATH(I, J),d=1,21)
Do 71 E=l,40
Iwdl-K
71 WRITE(4,2004)(IBATH(I,.J),J=22,42)
2004 FORMAT|21I4)
Do T2 F=1,40
I=dl-K
72 WRITE(4,2005)(IBATH(I,J),I=43,585)
Z005 FORMAT(13IIA)
c
C OUTPUT JOB DIAGNOSTICS
c
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WRITE(S,2000)
2000 FORMATI1HL)
WRITE(S,2001){XTITLE(K] K=1,8}
001 FORMATI(LX.BARLO0}
DO BO KE=1,40
I=sdl-K
B0 WRITE(S,Z2003)(IBATH(I,J),d=1,21}
WRITE(S,20007)
Do Bl K=1,40
I=dl-K
Bl WRITE(S,2003)(IBATH(I,J), J=dd 42}
2003 FORMAT(LX,2114)
WRITE(S,2000)
DO 82 K=1,40
I=ql-K
82 WRITE(S,2006)(IBATH(I,J), J=43,55)
2006 FORMATI(LX,13I4)
WRITE(S5,.2000)
C
£ BOUNDRY POINT TABLE
C
WRITE(S,4000)
4000 FORMATILIX,l0X.4H HUM,EX,12H ORIG. LAT.,l2HE ORIG. LOM.,8X,
1 d4H I,12H GRID LAT.,8X,4H J,12H GRID LON.)}
oo 101 E=l,WNUM
101 WRITE(S, 4001 1K, XICELATIE) XICELON{E},
1 ICEI(K} AGRDLT(ICEI(E},,ICEJIE)},
1 ICEJ({K) AGRDLN(ICEI(E),ICEJ{K])
4001 FQHHAT(lH,IDH.IQ.EH.EFIE.ﬁ.liﬁlrll.Fli,E?}
WRITE(S5,2000)

c

C LAT,LON GRID WITH ICE CODES

c ICE CODES: + BBAA ....5EA POINT

c + 0 ....LAND

C + -1 ....ICE EDGE

C * 1 ....TEMPORARY PACKE ICE FILL
£

Do 103 E=1,40
I=4l-K
WRITE(S,4004}(ICE{I,J),Jd=1,21}
4004 FORMAT(LX,21(I5,1H+}}
WRITE(5,4002) (AGRDLT(I,J),J=1,21})
WRITE(S,4002) (AGRDLN(I,J),J=l, 21}
4002 FORMAT{1X,21F6.1)
103 WRITE(S5,4003)
4003 FORMATI1X,LlX)
WRITE(S5,2000}
oo 104 K=1,40
I=sql-K
WRITE(S,4004)({ICE(I,J),J=22,42)
WRITE(S5,4002)({AGRDLT(I,J),J=22,42)
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104

4008

400%

105
c

WRITE(S, 40021 (AGEDLN{I,J),d=d2 42}
WRITE(S,4003}

WRITE(S,2000)

oo 105 H=l,40

I=dl-K
WRITE(5,40061({ICE(I,J),d=43,55)
FORMAT{1X,1l3(I5,1E=}]
HHITE(5,ﬂﬂﬂEﬁ:hGHDLTEI,Jr,J-I].EE;
WRITE!S, 4005 (AGRDLN(I ,J).J=43,585)
FORMAT|L1X,13FE. 11

WRITE(S,4003)

C TOTAL NUMBER OF OFPEN WATER PPOINTS

s

108
4010

NUM3={

Do 106 I=1,40

DO 106 J=1,55
IF(ICE(I,J).EQ.BEEE |NUMI=HNUNI-1
WRITE(S5,4010) HNuUMi

FORMAT( 1%, /7, 1%, "NUMBER OF SEAR POINTS = ",I6)

STOP
ERD

DFO 7




