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- THE COASTAL MODELING SYSTEM USER'S MANUAL
Supplement 3

Issued August 1994

Enclosed are additions and corrections to the Coastal Modeling System
(CMS) User's Manual, which was originally published in September 1991 and
sent to your office. If you do not have or cannot find the original publica-
tion, please contact Mary Cialone at (601) 634-2139 for another copy. Please
note the following:

a, Chapter 1 has been modified because model WICM was added to the
CMS.,

b. Chapter 13, which documents model HURWIN, has been modified because
the model was enhanced.

c. Chapter 14, which documents model WICM, is an addition to the
CMS User's Manual.
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PREFACE

This manual presents the documentation for eleven numerical models and
supporting software that comprise the Coastal Modeling System. The system
developed documented here was authorized as part of the Civil Works Research
and Development Program of Headquarters, U.S., Army Corps of Engineers (HQUSACE).
This work was funded under Work Unit 31675, "Development of a Coastal Modeling
System," which is part of the Harbor Entrances and Coastal Channels Program,
Messrs. John H. Lockhart, Jr.; John G. Housley; Barry W, Holliday; and
John Sanda were the HQUSACE Technical Monitors. Ms, Carolyn M. Holmes
was the CERC Program Manager.

The system development was conducted under the direction of Dr. James
R. Houston, Director, Coastal Engineering Research Center (CERC) of the
U.S. Army Engineer Waterways Experiment Station (WES); Mr, Charles C., Calhoun,
Jr., Assistant Director, CERC; Mr. H. Lee Butler, Chief, Research Division
(RD); and Mr. Bruce A. Ebersole, Chief, Coastal Processes Branch (CPB).
Technical Editor for the Coastal Modeling System User's Manual was Ms,

Mary A. Cialone, CPB, RD. The various chapters of the manual were authored

by the following individuals:

Chapter 1 Mary A, Cialone

Chapter 2 Mary A, Cialone and Lucia W. Chou, CPB, RD

Chapter 3 Mary A. Cialone and David J. Mark, CPB, RD

Chapter 4 Mary A. Cialone

Chapter 5 Mary A. Cialone

Chapter 6 Mary A. Cialone

Chapter 7 Jack E. Davis, Coastal Oceanography Branch
(COB), RD, and Robert E. Jensen, COB, RD

Chapter 8 Jack E. Davis and Robert E. Jensen

Chapter 9 Linda S. Lillycrop, COB, RD

Chapter 10 Mark B, Gravens

Chapter 11 Julie D. Rosati, Randall A, Wise, Nicholas
C. Kraus, P. Magnus Larson

Chapter 12 Edward F. Thompson

Chapter 13 Edward F. Thompson

Chapter 14 Mary A, Cialone and Jane M. Smith, CPB, RD

Appendix A Mary A, Cialone, David J. Mark, and David A,
Leenknecht, Automated Coastal Engineering
(ACES) Group, RD

Appendix B Mary A, Cialone, David J. Mark, and David A.
Leenknecht

Appendix C Mary A. Cialone and Lucia W. Chou

Appendix D Mary A. Cialonme and Lucia W, Chou




An extensive amount of word processing and figure preparation for ’
this report were provided by Ms. Dawn E. Abbe, CPB, RD.

At the time of publication of this report, Director of WES was
Dr. Robert W. Whalin. Commander was COL Bruce K, Howard, EN.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI (metric)
units as follows:

Multiply By To Obtain
acres 4,046.873 square meters
cubic feet 0.02831685 cubic meters
cubic yards 0.7645549 cubic meters
degrees (angle) 0.01745329 radians
fathoms 1.8288 meters
feet 0,3048 meters
inches 25.4 millimeters
knots (international) 0.5144444 meters per second
miles (US nautical) 1.852 kilometers
miles (US statute) 1.609347 kilometers
pounds (force) per square 6.894757 kilopascals

inch
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COASTAL MODELING SYSTEM (CMS) USER'S MANUAL

CHAPTER 1
COASTAL MODELING SYSTEM (CMS) OVERVIEW

PART I: INTRODUCTION

Background

1. Numerical modeling technology is increasingly being employed as a
tool to study complex problems in many engineering disciplines. In the field
of coastal engineering, processes studied with numerical models include:
hydrodynamics and transport associated with astronomical tides, storm surges,
and tsunamis; refraction, diffraction, shoaling and breaking of waves; wave-
induced currents; shoreline change induced by littoral movement of sand,
erosion caused by short-term severe storms; and the fate and stability of
dredged material placed in open water.

2. Numerical models use sophisticated methodology to solve governing
equations describing the physical processes of interest. When a physical
process is well described by the specified equations, the numerical modeling
technique is capable of providing accurate solutions to engineering problems.
However, the model developer must take extreme care in implementing the
equations in a numerical scheme, and the model must be thoroughly tested for a
variety of conditions and compared with prototype measurements to ensure
correct model operation. Of equal importance is the care the engineer must
take in applying the model to a field problem by ensuring that the model’s
governing equations are appropriate for representing the dominant physical
processes at the site. Also, errors in input specification could dramatically
alter model results, and without diligent inspection of model output, the
errors could go undetected.

3. The Coastal Engineering Research Center (CERC) has developed a
number of numerical models that are used for studying a variety of coastal
processes under existing and proposed configurations. Some of these models
are large and complex and may require a substantial amount of input data
and/or computing effort. The models usually have a battery of supporting

software for creating computational grids, running the model on the host
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computer, and evaluating large amounts of output from the simulations.
Because of the complexity of the model software and the diversity of
modifications to input data associated with individual applications, these
models have required considerable effort to apply.

4. Traditionally, most of the models were developed by researchers as
individual efforts to solve a specific problem. Consequently, models have
used different input/output structures, have been sparsely documented, and
have been frequently altered to accomplish application-specific tasks. 1In
addition, each model had its own set of supporting utilities to plot results,
reformat data, etc. Often code alterations resulted in several versions of
the same model, each with specific or enhanced capabilities. This situation
had the potential for introducing errors, either by engineers applying the
wrong version of the model or by programmers inadvertently altering the
operation of a previously tested portion of the model.

S. Because of these factors, some of the most useful models at CERC
have also been the most difficult to apply; and in some cases, it was neces-
sary for the model developer to oversee the specific application. This
dependence on the model developer meant that he or she had less time to devote
to providing improved models to solve Corps problems.

6. The condition of the models described above implied a need for:

a. Maintenance of a single version of each model.

b. Standardization of the model input/output processes.

¢. A central location for using the models.

d. Versatile models capable of covering a wide range of problems
at different sites by using model options.

e. Comprehensive model documentation in the form of a user’s

manual .
Objective

7. The Coastal Modeling System (CMS) is a software package aimed at
organizing CERC’s larger numerical models and their supporting software into a
user-friendly system that is available to all Corps elements having a need to
apply the supported modeling technology.

8. Several objectives are followed in developing and expanding CMS.

Since some of the models share similar input requirements, output capability,
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and procedural implementation, efforts are made to standardize these portions
of the models as much as possible. This standardization promotes efficiency
because coding effort is reduced, new users learn the models in the system
more rapidly, and chances for errors in entering input or interpreting output
are reduced because of user familiarity with the system structure.

9. Most numerical models are applied to specific areas by representing
the spatial bathymetric and topographic features as depths or elevations on a
matrix called a computational grid. In some instances, it is possible to
share a common numerical grid between models. This commonality allows
efficient application of several different models to the same site without
additional effort in building new grids. Similarly, processing of model
output data can proceed in the same manner for several different models. To
the extent possible, models in CMS share the same numerical grids, utilities,
plotting programs, post-processing routines, and job control files.

10. FORTRAN 77 programming language is used exclusively in the system
software to ensure portability of the models and supporting programs to other
computer systems. Graphics programs also make use of DISSPLA™ software.

When appropriate, attempts are made to produce a code that is capable of being
vectorized for efficient and economical use on vector array processing
computers such as the CRAY Y-MP, where CMS resides.

11. Models selected for inclusion in CMS must be well advanced in their
development, and they must have been rigorously tested over a wide range of
conditions. In most cases, a selected model has already been applied to
numerous field problems and, thus, has reached some level of maturity through
careful application to the types of problems encountered by the Corps.
Incorporation of these time-tested models into CMS involves modification to
the input/output structure and, possibly, re-coding of sections to produce
more efficient use of computer resources. Once included in CMS, the models
are not expected to be modified unless errors are found or new features are
added. Therefore, the models in CMS can be considered tested, reliable, and

mature.
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PART I1: IMPLEMENTATION OF CMS

Organizatjon ‘

12. CMS software is organized into three major groups: models,
supporting utilities, and procedure files that draw components together for
execution. Several software elements use common algorithms, and efforts are
made to place these software elements into shared libraries. This placement
eliminates redundant software and reduces associated development costs.

13. Another level of organization concerns user interfaces to the
software, which are arranged according to various activities encountered
during a modeling endeavor. These major procedure files provide users access
to the various CMS software elements on the available computers.

14, Although the models and supporting software are written in standard
FORTRAN 77, library structures and procedure files are specific to the
computer system hosting CMS. 1In addition, some plotting utilities rely on
specific graphics software that resides on the host computer, and certain

terminal/plotter configurations may be required to produce plots of the model
output at the user’s local site. ‘

t_Compu

15. Most models included in CMS, or targeted for addition to CMS, are
both memory-intensive and computationally intensive, requiring use of large
supercomputers for efficient operation. It is possible to run some of the
models on smaller minicomputers, but double precision would probably be
necessary to avoid accumulated round-off errors, and applications could take
from several hours to several days of CPU time on the smaller machines.

16. To satisfy the objective of Corps-wide access to the models,
initial installation of CMS was on a mainframe computer operated by Scientific
Information Services (SIS), formerly CYBERNET, which provided Corps-wide
mainframe and supercomputer service. Now, with the installation of a CRAY Y-
MP at the US Army Engineer Waterways Experiment Station (WES), Corps-wide
access is available, and CMS has been transferred to that system to take

advantage of reduced costs and the likelihood of a permanent home for CMS.
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17. Corps personnel have access to the CRAY Y-MP through several
communication networks. Presently, the supercomputer can be accessed through
INTERNET, MILNET, ARPANET, ASNET, SURANET, BITNET, NSFNET, through a 1200,
2400, or 9600 baud modem or a dedicated line.

18. Generally, CMS users are not required to learn the operating system
associated with the supercomputer (UNICOS) because most of the job control
commands normally required to submit models and data files to the computer for
execution are accomplished by the CMS procedure files. This setup reduces
learning time appreciably and minimizes errors caused by improper commands.
However, users must be able to manipulate files, create and edit ASCII files,
and download output files to a printer or plotter. These functions are easily
mastered, and manuals are available to all Corps users of the CRAY Y-MP at a
nominal fee by contacting the Information Technology Laboratory (ITL) Research
Library, Ms. Susan Hicks (601) 634-2296. Presently there are 26 CRAY manuals
covering such topics as UNICOS User Commands, CF77 Reference, UNICOS Support
Tools, and UNICOS Symbolic Debugging.

Mode] Support

19. Including a model in CMS represents a technology transfer from CERC
to the field. CERC will maintain the CMS on the WES CRAY Y-MP and will
provide support services to Corps users of the system. Support includes
correcting recognized flaws in the codes, updating the models with new
capabilities and technology, improving the user interface to the models,
improving graphics and visualization capabilities, updating the User’s Manual
to reflect changes to the models and/or CMS, conducting periodic workshops for
Corps personnel, and providing telephone support services.

20. Additionally, CERC staff can assist Corps personnel in applications
of the CMS via "one-stop services" or by direct participation in site-specific
studies. One-stop service is intended to address questions or problems that
arise during field application of a model in CMS. Usually, these questions
can be satisfactorily resolved in a short time over the telephone. More
involved questions requiring a substantial effort by CERC engineers or
scientists may require reimbursement. Experience at CERC indicates that field
application of these models usually requires a significant initial consulting
effort by CERC engineers until experience has been gained by the field user.
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21. The Coastal Modeling System (CMS) User's Manual is intended to be
an evolving document, and it is structured in a modular fashion, much like the
modeling system itself. Individual numerical models and major supporting
utility software are documented in separate chapters. Attempts are made to
structure all chapters in a similar format to facilitate learning the system
models.

22. The unbound format of the user’s manual allows efficient and cost-
effective updating of the manual as models are added to CMS, and it allows
users to remove chapters for convenient reference during model applications.
The documentation for each new model will be an added chapter to the CMS
User’s Manual. Updates will also include additions of (or alterations to)
utilities and procedures.

23. 1Initial distribution of the CMS User’s Manual will be to all Corps
Divisions and Districts with coastal interests. A register of all manuals
distributed within the Corps of Engineers will be maintained by CERC, and
updates will be provided for all Corps-registered copies of the manual.

24, Training on the usage of CMS and on application of specific models
within CMS is accomplished during periodic workshops. Workshop participants,
especially new users, will be introduced to CMS. Each workshop will demon-
strate sign-on procedures, building input data files, file transfer methods,
accessing CMS, running workshop-specific models, and post-processing model
results. Technical presentations of workshop specific models will also be
given. More intensive training can be provided at CERC as part of joint field
applications between CERC and personnel from a field activity.

olnt o ontact

25. Each model residing in CMS has a CERC point of contact (POC). Most
often that person is the model developer or someone with extensive experience
in applying the model. Table 1-1 provides POC's for models presently included
in CMS. This table will be updated periodically to assure that it continues
to be a useful reference for CMS users. The modules listed in column 1 of
Table 1-1 are briefly described in Part III of this chapter and are extensive-

ly documented in later chapters.
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Table 1-1

CERC Points of Contact

CMS general

inquiries
Using CMS
SPH
WIFM
RCPWAVE
CLHYD
SHALWV
STWAVE
HARBD
GENESIS
SBEACH
PBLWIND
HURWIN
WICM
CMSGRID
CMSUTIL
CMSPOST

CMSSAMP

Ms.

Ms.

Mr.

Ms.

Mr.

Ms.

Dr.

Mr.

Dr.

Mr.

Mr.

Dr.

Dr.

Ms.

Ms.

Ms.

Ms.

Ms.

Mary A. Cialone

Lucy W. Chou

Dave J. Mark

Mary A. Cialone
Steven M. Bratos
Mary A. Cialone
Robert E. Jensen
Steven M. Bratos
Edward F. Thompson
Mark B. Gravens
Randall A. Wise
Edward F. Thompson
Edward F. Thompson
Jane M. Smith

Mary A. Cialone
Lucy W. Chou

Lucy W. Chou

Lucy W. Chou

CEWES-CR-P

CEWES-CR-P

CEWES-CR-0

CEWES-CR-P

CEWES-CR-0

CEWES-CR-P

CEWES -CR

CEWES-CR-0

CEWES-CR-0

CEWES-CR-P

CEWES-CR-P

CEWES-CR-0

CEWES-CR-0

CEWES-CR-P

CEWES-CR-P

CEWES-CR-P

CEWES-CR-P

CEWES-CR-P

—Subject = _Point of Contact = Offjce Symbol  Phone Number

601-634-2139

601-634-2843
601-634-2094
601-634-2139
601-634-4230
601-634-2139
601-634-2101
601-634-4230
601-634-2027
601-634-3809
601-634-3085
601-634-2027
601-634-2027
601-634-2079
601-634-2139
601-634-2843
601-634-2843

601-634-2843
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PART II1: PRESENT CMS COMPONENTS

26. The following briefly describes the numerical models, major utility

software, and major procedures currently in the Coastal Modeling System.

e : Co a d ng Syste

27. This chapter provides information on execution of the CMS on the
WES CRAY Y-MP. The new user should refer to this chapter to learn to compile
or run a model for a specific application. Once the user becomes familiar

with the system, this chapter can be used as a quick reference.

Chapter 3: Standard oject Hurricane H

28. The numerical model SPH is a parametric model for representing wind
and atmospheric pressure fields generated by hurricanes. It is based on the
Standard Project Hurricane criteria developed by the National Oceanic and
Atmospheric Administration (NOAA 1979), and the model’s primary output is
hurricane-generated wind fields that can be used in storm surge modeling. It
can be run separately, or it can be invoked from within the WES Implicit
Flooding Model (WIFM).

apter 4: S Implicit Flooding Mod %]

29. The numerical model WIFM solves the vertically integrated Navier-
Stokes equations in stretched Cartesian coordinates. The model simulates
shallow-water, long-wave hydrodynamics such as tidal circulation, storm
surges, and tsunami propagation. WIFM contains many useful features for
studying these phenomena, such as moving boundaries to simulate flooding/
drying of low-lying areas and subgrid flow boundaries to simulate small
barrier islands, jetties, dunes, or other structural features. The model may
be driven at the outer boundary by tide elevations, flow velocities, specifi-
cation of uniform flux, or inverted barometer effects. WIFM also accepts wind
fields for including the effects of wind stress during hurricanes or other

strong storm systems.
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(o} Coast esses Wave (o] tion Mode C \Y

30. The numerical model RCPWAVE is a short-wave model used to predict
linear, plane wave propagation over an open coast region of arbitrary bathyme-
try. RCPWAVE uses linear wave theory because it has been shown to yield
fairly accurate first-order solutions to wave propagation problems at a
relatively low cost. Refractive and bottom-induced diffractive effects are
included in the model:; however, the model cannot treat diffraction caused by
surface-piercing structures. This model does not include nonlinear wave

effects or a spectral representation of irregular waves.

apt 6: Cu linear long-Wave drodynamic Model (C

31. The numerical model CLHYD simulates shallow-water, long-wave
hydrodynamics such as tidal circulation and storm surge propagation. CLHYD
can simulate flow fields induced by wind fields, river inflows/outflows, and
tidal forcing. CLHYD is similar to WIFM, with the added feature of operating
on a boundary-fitted (curvilinear) grid system. However, CLHYD cannot
simulate flooding/drying of low-lying areas as WIFM can. This feature will be

incorporated in a later release of CLHYD.

Chapter 7: Spectral Wave Modeli Module: Model SHALWV

32. The numerical model SHALWV is a time-dependent spectral wind-wave
model for computing a time-history of wind-generated waves. The model solves
the inhomogeneous energy balance equation using finite-difference methods. It
simulates the growtl, decay, and transformation of a wave field over a spatial
area (i.e., an ocean basin, bay, ov lake) for a given time period. SHALWV can
simulate the wave climate for a specific storm or idealized events, such as a

standard project hurricane.

Chapter 8:; Spectral Wave Modeling Module: Model STWAVE

33. The numerical model STWAVE is a near-coast, time-independent
spectral wave energy propagation model. The model solves the spectral energy

balance equation (including refraction, shoaling, and wave breaking) using
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finite-difference methods. This steady-state model simulates wave propagation
over a spatial area assuming wave conditions vary sufficiently slowly. The
variation of waves at a given point may be neglected relative to the time
required for waves to pass across the computational grid if the model is
limited to near-coast applications in which waves move quickly across the grid
(within 30 minutes).

ter 9: Harbor Wave Oscillation Model (HARBD

34. The numerical model HARBD is a finite element model for predicting
wave oscillations in harbors. HARBD is a steady-state, linear monochromatic
wave model that assumes bathymetric gradients are small and neglects wave-wave
interaction, wave-current interaction, wave breaking, and wave transmission
and overtopping of structures. The model has been used in the design and
modification of numerous harbors, the study of dredging effects on wave
propagation, and in the design and planning of wave protection structures for

existing harbors.

Chapter 10: Generalized Model for Simulating Shoreline Change (G S

35. The numerical model GENESIS is a one-dimensional ("one-line")
model for simulating long-term shoreline change. It can predict shoreline
change and longshore transport rates under a wide range of beach, coastal
structure, wave, initial and boundary conditions, which may vary in space and
time. Input data include the initial shoreline position, measured shoreline
position for calibration purposes, structure positions, depths along the
nearshore reference line (where input from a wave model are saved), and the
wave height, period, and direction for every time-step. Model output includes
the shoreline position and longshore transport rates at user-specified time-

steps.

e . -Induced Beac ange Mode C

36. The numerical model SBEACH is an empirically-based two-dimensional
model for predicting short-term, storm-induced beach erosion and post-storm

recovery. Short-term erosion is treated as a process dominated by cross-shore
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sand transport processes. Input requirements include a time-series of wave
height and period, a time-series of water level, median beach grain size, and
initial profile shape. Optionally, model input may include the presence of a
seawall or revetment, and SBEACH simulates the profile response to such a
structure. Model output includes the beach profile at all user-specified
time-steps, as well as the cross-shore distribution of various process parame-
ters (maximum wave height and water level, and wave height and water level at

user-specified intervals).

apte . Extratropica 0 laneta ounda er Wind Model (PBLW

37. The numerical model PBLWIND is a generalized numerical model used
to predict winds near the water surface based on atmospheric pressure gradi-
ents and temperature differences between the air and water. PBLWIND is a
steady state model which includes computational modules for geostrophic,
gradient, and surface boundary layer winds. The model should not be used for
modeling of hurricanes and tropical storms because their compact size, intense
pressure gradients, and rapid changes in time require special treatment.
Output from PBLWIND consists of wind speed and direction at a desired eleva-
tion above the water surface which can be used as input to a hydrodynamic

model (SHALWV, WIFM, CLHYD).

Chapter 13: Tropical Storm Planetary Boundary lLayer Wind Model (HURWIN)

38. The numerical model HURWIN is a two-dimensional, time-dependent
model for predicting surface stress and wind speed and direction in the
planetary boundary layer of a tropical cyclone. Wind information is calculat-
ed from meteorological storm parameters available for historical hurricanes
and provided at a user-specified elevation. The model is based on the
momentum equations that are vertically-averaged through the depth of the
planetary boundary layer. Options are also provided for estimating surface
wind over terrain of specified roughness including lakes, marshes, plains,
woods, and cities. It has been used extensively in the Wave Information

Studies (WIS) to hindcast historical hurricanes along U.S. coasts.
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4. Wave- da C el (WIC

39. The numerical model WICM is a two-dimensional, depth-averaged
model for predicting wave-induced currents and water surface setup. WICM can
simulate flow fields induced by waves, winds, river inflows/outflows, and
tidal forcing. Similar to CLHYD, this finite difference model is developed in
boundary-fitted (curvilinear) coordinates and cannot simulate flooding and

drying of low-lying areas.

endj : CMSGRID

40. Grid development is a major part of successfully applying a
numerical model to a specific site. Module CMSGRID contains software used in
the generation of stretched coordinate, rectilinear computational grids for
several models in CMS. The software employs sophisticated techniques that
allow concentration of grid cells in regions of interest, or where geographic
features are irregular, and wider spacing of grid cells in areas where
conditions are not expected to change rapidly. The ability to generate
variably spaced grids provides economy in computational time and costs.
Generated grids can be plotted to scale on Mylar for overlaying bathymetric

charts to obtain depths and elevations.

Appendix B: CMSUTIL

41. Module CMSUTIL contains useful programs that supplement numerical
models in CMS. Presently, there are two programs in this module: a program
to determine tidal constituents from a time-history of tidal elevations, and a
program to generate a time series of water elevations from tidal constituent

input.

end ;. C

42. Most numerical models generate large output files containing
results saved at user-specified grid cells and time-steps during the simula-
tion. Module CMSPOST contains post-processing plotting packages that plot the

model output for comparison and analysis purposes. Four basic types of
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plotting are available: (a) time-histories of field arrays such as water
surface elevation or velocity at selected grid points, (b) "snapshots” of the
entire flow field at a given instant in time, (c) wave ray plots, and

(d) profile plots that show the spatial variation of a model variable at an
instant in time.

Appendix D: CMSSAMP

43. Module CMSSAMP is used to access sample input files for each of the
models in the CMS. This provides the user with the required format of input
data, and can also be used as a template for generating the user’s own input
file(s). In addition, sample files can be used to run a particular model in
the CMS to help the user gain familiarity with the model. Appendix D contains
a table of sample input file names and the procedure for accessing these files
from within the CMS.
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PART I: INTRODUCTION

1. The HURWIN model in the Spectral Wave Modeling Module of the Coastal
Modeling System (CMS) computes surface stress and wind speed and direction in
the planetary boundary layer of a tropical cyclone. Wind information is cal-
culated from meteorological storm parameters available for historical hurri-
canes and provided at a user-specified elevation. The full time history of
the surface wind field is described by linear interpolation in time using a
series of characteristic wind field "snapshots." Snapshots are calculated at
discrete times in a storm’s history, assuming the storm can be represented as
a series of steady-state configurations.

2. The model, developed by Cardone, Greenwood, and Greenwood (1992) and
upgraded by Cardone et al. (1994), is based on a numerical primitive equation
model of the planetary boundary layer in a moving tropical cyclone. A surface
drag formulation, based on Arya's (1977) similarity model, is coupled with a
roughness parameter specification for a water surface consistent with
Cardone’s (1969) law. Options are also provided for estimating surface wind
over terrain of specified roughness including lakes, marshes, plains, woods,
and cities.

3. The CMS includes another hurricane wind model, the Standard Project
Hurricane (SPH, Chapter 3). Although the SPH model and the HURWIN model
provide similar information, the SPH model has traditionally been used in the
Corps of Engineers (CE) as input to storm surge models (e.g. CLHYD, Chapter 6)
and the HURWIN model with wave models (SHALWV, Chapter 7). The HURWIN model
is more flexible and more nearly represents the physical processes in a
hurricane. It has been used extensively in the Wave Information Studies (WIS)
to hindcast historical hurricanes along U.S. coasts (Abel et al. 1989). The
CMS will allow the two models to be more easily evaluated and compared in
various applications. A broad overview of wind processes and CE modeling
applications is given by Thompson and Leenknecht (1994).

4. Theoretical background of HﬁRWIN is described in the following
section. Operation of the HURWIN portion of the CMS Spectral Wave Modeling

module is described in the remaining sections. The structure of the module is
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described in Part III. Organizational procedures for a HURWIN simulation are
described in Part IV. Part V covers the required data for a successful HURWIN
simulation. An example problem, simulation of winds in Typhoon Russ, is
presented in Part VI to illustrate application of the model.
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PART I1: THEORETICAL FOUNDATION

Querview

5. The basic model is based on a vortex model developed by Chow (1971)
and modified by Cardone, Greenwood, and Greenwood (1992). The basic model was
further modified by Cardone et al. (1994) to include options for more detailed
spatial resolution and more general specification of radial pressure
variation. Chow’s model concerns the planetary boundary layer (PBL) only and
solves for the wind field and horizontal convergence in the PBL of a moving
tropical cyclone from the equations of motion. The pressure field in the
boundary layer is prescribed and fixed, so that there are no atmospheric
gravity waves excited in the numerical solution. This facilitates the use of
a nested grid system, which allows grid spacings as small as 2 km near the
hurricane immer region without sacrifice of overall computational efficiency.

6. The model is based upon the equation of horizontal motion, vertical-
ly averaged through the depth of the PBL, written in coordinates fixed to the

earth as:

. s o s )
%VE + fRx V= - % Vp + V-(x,97) - 27|V (13-1)

where

:%{-V‘v

oo

time change local to the fixed coordinates

= fixed coordinates

<> > af

vertically averaged horizontal velocity

<
]

two-dimensional del operator

Coriolis parameter

~Ny M

= unit vector in the vertical direction

mean air density

©
]

P = pressure

Ky horizontal eddy viscosity coefficient
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Cp = drag coefficient

h = depth of the planetary boundary layer

It is assumed that the vertical advection of momentum is small compared to the
horizontal advection and can be neglected and that the shearing stress
vanishes at the top of the PBL.

7. Pressure is prescribed as the sum of p, and p

P=P.+P (13-2)

where

p. = pressure field representing the tropical cyclone; not
necessarily axisymmetric; assumed to translate with the storm at
a specified velocity Vc

p- large-scale pressure field, which may be specified by the

corresponding constant geostrophic flow V, as

2x?, =-1vp as-»

o=

With this pressure specification, Equation 13-1 may be rewritten as follows:

R x (- Tg - - 19, v veie9) - 2197 (13-4)

A moving Cartesian coordinate system (x,y) is now defined such that its origin
always coincides with the moving low center of p. . In terms of the moving

system, Equation 13-4 is transformed into

W\ R x WP = - % o+ Vo(EI) - 2UT+ T, |77, (13-5)

where
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7 = horizontal wind velocity relative to the low center; =7 - ¥,
V‘ = effective geostrophic flow relative to the low center; = V‘ -,
V‘ = velocity of the moving reference system relative to the fixed earth

d = a + [ 3
I [.a?] 7v

where [ 3 } = time change local to the moving coordinate system;

aJt

=a+ .
-z Vv

8. Equation 13-5 can be expanded from vector form into equations
involving the scalar x- and y-components of velocity. After some rearranging

of terms, the equations to be solved are

gg =fv-P +H -F, (13-6)
v . _fu - - 13-7)
g¢ = fu-P, +H -F, (

where

u, v = components of 7

u, v, = components of Vg

[ A |
1 dp.

P = =
et 2 7%

x, y = horizontal coordinates
H, F = functional operators defined as

.9 a.), 3 3.
" ﬁ@ﬁ]ﬁ@ﬂ

Fooos 2 fuvuf e wplye )

\ 4

(3

u = components of Vc

c?
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9. The general formulation is completed with the specification of the
form of C,, K, and the boundary condition at the outermost boundary of the
grid. Following Smagorinsky (1963) the horizontal eddy viscosity coefficient
is given by

2 (13-8)

“lfau_av) , [av, auf
rere (3] 8- (314

where

a = mesh size

x = non-dimensional constant (x = 0.4 is assumed)
The term in brackets in Equation 13-8 may be viewed as a total deformation due
to tension and shearing strains. Drag coefficient is computed based on a
revised PBL parameterization discussed later in this chapter. The boundary
condition at the outermost boundary of the grid is obtained by neglecting
acceleration and horizontal diffusion of momentum, implying a balance between
Coriolis, pressure gradient, and surface friction forces. With this

assumption, Equation 13-5 can be simplified along the outer boundary to

£R x (P-Pg) = - % vp, - ,‘}’;2;% P @ + 7, (13-9)

10. Several options are available for specifying the pressure field.
The simplest and most used is an axisymmetric pressure field defined by the
well-known exponential pressure law. This expression, which is also used in

the SPH (Chapter 3), is given by

p.r) = p, + ape™ (13-10)
where
P, = storm central pressure
Ap = storm pressure anomaly defined as
R, = scale radius
r = radial distance from the eye
Ap=p_ - p, (13-11)

where p, = axisymmetric ambient (far-field) pressure
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11. A more general option is available in which the parameters 4p and
R, in Equation 13-10 can be specified by storm quadrant. The final pressure
field under this option is devised by smoothing between the pressure variation
specified for each quadrant.

12. Some storms are not well represented by Equation 13-10, even when
the parameters are varied by quadrant. Options for more general
specifications of radially symmetric pressure variation were introduced by
Cardone et al. (1994). A more general form of Equation 13-10, which has
proved successful in describing some storms (Holland 1980), is given by

p.(r) = p, + Ape """ (13-12)

where B 1is a constant in the general range 0.5-2.5.

13. Field evidence has accumulated in recent years that the radial
pressure profile in the inner core of some storms is so irregular that even
Equation 13-12 provides a poor approximation. Willoughby (1990) and Black and
Willoughby (1992) describe the tendency for concentric rings in the radial
wind distribution to be a fairly typical characteristic of intense tropical
cyclones. The rings appear to be related intimately to storm intensity
evolution. A capability for modeling radial wind distributions with broad or
double maxima can be added by extending the generalization of Equation 13-12
to a double exponential form (Cardone et al. 1994)

3
Polz) = P, + Y dpy o ul/n ™ (13-13)
wl

where

dp, = pressure anomaly for the i’th component

R, = scale radius for the i’th component

B, = Holland’'s B coefficient for the i’th component
Since the values of dp, are constrained by the relationship

idpj = Pu = Py (13'11‘)
=1

only the values of 4p and dp, need be specified to determine the value of dp,.

14. The boundary layer depth h was investigated by Cardone,
Greenwood, and Greenwood (1992) for two historical hurricanes (Camille and
Carla). They concluded that an appropriate boundary layer depth is
approximately 500 m.
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15. In summary, the main independent variables are:
P, = central pressure
Ap = Storm pressure anomaly

R,,R, = scale radius values

B,B, = Holland’s (1980) B coefficients

dp, = pressure anomaly for inner component

u,, v, = components of storm forward speed

h = boundary layer depth

u,, v, = components of geostrophic steering flow
Either one or four values (by quadrant) may be provided for each of the first
three variables if the simple pressure profile is used (Equation 13-10).

16. The computational grid is a system of rectangular nested grids
within each of which the mesh is constant. Figure 13-1 shows the inner three
nests in one quadrant of the grid system. Mesh size doubles with each
successive nest, and each mesh extends 10 mesh spacings from the center. The
number of nests is at most seven and generally at least five. If five nests
are used and the mesh size of the innermost nest is 5 km, the second through
fifth mesh sizes are 10, 20, 40, and 80 km, respectively, and the entire grid
covers a square 1,600 km on a side. If seven nests are used and the
resolution of the innermost nest is refined to 2 km, the other mesh sizes
(nests two through seven) are 4, 8, 16, 32, 64, and 128 km, and the grid

covers a 2,560-km square.

EXAMPLE OF NESTED GRID SYSTEM (1ST QUADRANT)

® o s @
o o o o
LI B S 3
e o s »
* o o o

® 6 o 06 0 0 ¢ o »
L]
*
L]
.
.

ré

X
nested grid system, first quadrant

o
[a]

Figure 13-1. Example
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17. Details of the finite difference formulation and of the compu-
tational scheme are given by Chow (1971) and are not repeated in detail here.
Basically, a combination of diagonal and ordinary upstream differencing is
used for spatial derivatives in order to reduce computational errors in the
calculation of the advection terms and at the interior mesh boundaries. The
computation starts with an initial guess field consisting of the gradient wind
components (computed from p,). At each grid point, Equations 13-6 and 13-7
are integrated forward in time until the acceleration (aV/ac), is tolerably
small. The computational time-step, in seconds, is taken as ten times the
finest computational mesh size, in kilometers. For example, if the innermost
grid mesh size is 5 km, the time-step is 50 sec. Chow found that 800 itera-
tions (equivalent to 13 hr 20 min if the time-step is 60 sec) were sufficient
to achieve a steady-state solution. Cardone et al. (1994) recommended 3,200
iterations when using the generalized pressure specification.

18. The drag law used by Chow (1971) was revised by Cardone, Greenwood,
and Greenwood (1992) to provide an accurate and consistent PBL wind and stress
representation in the vortex model.

19. The framework for parameterization of the fluxes of momentum, heat,
and moisture in the PBL was developed by Blackadar and Tennekes (1968) and
Zilitinkevich (1969). The parametric relations result from the matching of
mean profiles of wind, temperature, and moisture predicted by surface and
outer-layer similarity theories for a PBL in which the flow is assumed to be
horizontally homogeneous and quasi-stationary.

20. A particularly convenient form of the parameterization, first pro-
posed by Deardorff (1972), expresses the PBL fluxes in terms of layer-averaged
mean PBL properties. Deardorff's parameterization, combined with Cardone'’'s
roughness parameterization, has been found to provide reasonable results for
hurricanes. The parameterization adapted in this model is taken from Arya's
(1977) update of Deardorff'’s scheme.

21. The general form of the parametric relations may be written:

ku . (inz, +a) (13-15)

u,
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where

Us

N>

A., B., Cu, D,

£/1 €1

v

6, q,
o.

q
q-

uﬁ --3 £ (13-16)

" ifl
ke, -9,) _ _ (1n 2, + C.) (13-17)
k(qq— ) . _ (In %, + D) (13-18)

von Karman’s constant

vertically integrated (as in Equations 13-6 and 13-7)
norizontal wind components (in the direction of the
surface shear and perpendicular to it)

friction velocity
roughness parameter normalized by the PBL height (z/h)

universal functions of dimensionless similarity
parameters

sign of £ (+ or -)

mean layer virtual potential temperature at
desired elevation

potential temperature and specific humidity at z,

potential temperature scale expressed in terms
of the heat flux

specific humidity at desired elevation

a specific humidity scale involving the moisture flux

22. The Monin-Obukov length L may be expressed in terms of 6. and

U. Since

L. JUsbpc,  -uld, (13-19)
kgH gd.

where H is the heat flux.

23. Two competing theories exist for the form of the universal

functions. In one theory, known as the Rossby-number similarity theory, the

boundary layer height is uniquely determined by u./f and L. For the near

neutral hurricane PBL, that theory predicts the PBL to increase as the ratio

u./f increases toward the center of storms, in apparent contradiction to

observation.
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24. In the generalized theory, the depth of the PBL h 1is specified as
an independent variable. Arya (1977) presents expressions for the similarity

functions in terms of this generalized theory as follows:

- _h fh
A, ln[ I]+1nTJ_+1.5

B, = 1.811 oo h o2
u, T
13-20

C, = ln[- ,’L‘] +3.7 (unstable) ( )

A, = -0.96§ +2.5

B, = o.so§+1.1 §z+2

Co=-2.008 447 (stable) (13-21)
For near-neutral conditions, -2 < h/L < 2, A, , B, , and (., are assumed to

be given by linear interpolation between the above computed values at h/L =
$2.

25. In terms of the similarity relations (Equations 13-15 through
13-18), the drag coefficient with respect to the integrated PBL wind is

k2
= 13-22
? (inz, +A) + B ( )

while the angle B, between the surface wind and the integrated PBL wind, is

B = tan-'(v/u) (13-23)

26. To incorporate the similarity theory in the hurricane model, two
cases were considered:

a. Land. In a PBL over land, the following parameters are pre-
scribed: f, 2z,, h, 6, - 8,. The parametric relations then
define the following functions

c, =F(V
D I(I l)f,zo'h'a'-ao (13_24)
= Ff|V
ﬂ 2(| ‘)f'zc'h'ﬂv—oc (13_25)
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b. Water. Over water, the roughness parameter is not known but

can be expressed in terms of u. through a Charnock-type rela-
tion 2 '
z,=a_> (13-26)
or the form proposed by Cardone (1969). The parametric
relations can then be solved for
c, = FfIV]) (13-27)
> = Fi £,h,0,-0,
g=FlV]) (13-28)
£f,h,0,-0,

27. The Charnock constant a and the constant k are assignable in .
the model. Herver, recommended values, based on the work of Garratt (1977)
and Cardone, Greenwood, and Greenwood (1992), are
a = 0.035
k = 0.35
28. Some assumptions are introduced to simplify solution of the

fth 4 (13-29) .

u,

boundary layer. It is assumed that

so that the similarity functions in Equation 13-20 depend only on the ratio
h/L. Further, it is assumed that over water the air-sea temperature
difference and boundary layer height can be considered to be invariant over
the domain of the storm. This appears to be a reasonable approximation.
Except for hurricanes crossing major ocean-current boundaries, the assumption
of u: .zontal homogeneity of 4, - 9, also seems reasonable, especially for Gulf
of Mexico and lower U.S. east coast hurricanes. Little is known about the
characteristics of the PBL in hurricanes over land. However, given the high
level of turbulent mixing in hurricanes, it is reasonable to assume that an
adiabatic lapse rate is established and that at least in the near-coastal
zone, the boundary layer depth is close to that assumed for the over-water
case.

29. Given the above conditions, the parametric relatioms F,, F,, F,, and
F, can be found once for a given storm by iteration, and expressed in terms of
tables. In practice, the upwind and crosswind drag coefficients, the ratio . ‘
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uw/|?|, and the angle B between the surface wind and the integrated wind are
computed and stored in a table for |¥| values ranging from 0.8 to 80 m/sec in
increments of 0.8 m/sec. Values for intermediate wind speeds are found by

linear interpolation.

Terrxain Transformacion Model

30. In this section a simple mvdel is developed to derive the surface
wind and stress over terrain of arbitrary roughness from the numerical wind-
field solution computed exclusively from the revised over-water drag formula-
‘tion. The approach is to employ equilibrium PBL theory to relate the over-
water integrated PBL wind to the flow at the top of the PBL and then to employ
a consistent equilibrium model to compute the surface wind stress from the
wind at the top of the PBL for terrain (including lakes) of arbitrarily speci-
fied roughness. The model proposed assumes that the PBL over land or inland
lakes in a hurricane is neutrally stratified.

31. The transformations are derived quite simply from consideration of
the alternate forms of the similarity PBL theory adapted in this study.
Surface drag in the numerical vortex model was parameterized using
Equations 13-15 and 13-16, which relate the stress to the integrated PBL wind.
Alternatively (Arya 1977), surface drag may be referenced to the wind at the
top of the PBL with components u, and v,:

B e (n,+ A (13-30)
vy 3 £ -31
LR g4 (13-31)

or to the surface geostrophic wind components

e (nz, v 4) (13-32)
kv,  _p £ 13-33
= " Brp (13-33)

As noted by Arya, A, and B, may be expected to differ from A and B due to the
presence of baroclinicity and also in very low latitudes where winds are

strongly geostrophic. In hurricanes, baroclinicity in the PBL may be ignored,
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but the flow at the top of the PBL is more nearly in gradient balance. The
effects of curvature on A and B have not been studied, but the success
achieved with the similarity PBL theory in the overwater case suggests that
such effects are not large. In this model, differences between A and B and A,
and B, are ignored.

32. The relationship between A, and B, and A, and B_ is given by
Arya (1977) as derived from the equations of mean motion for a barotropic

atmosphere in which the momentum flux is assumed to vanish at z = h:

A=A, (13-34)
B =B, -k [52]' (13-35)

For the restricted case of fh/u. = 1, which was adopted only for the purposes
of attaining a workable parameterization, it can be shown simply from
Equations 13-15 through 13-18, 13-30, 13-31, 13-34, and 13-35 that the flow at
the top of the PBL, z = h, is related to the vertically integrated flow
through

u =u (13-36)

v,=vV-u, (13-37)

In the coordinate system adopted (see Figure 13-2), v, is negative and u. is
always positive, so that the wind speed at the top of the PBL is always larger
than the mean layer wind speed V and turned clockwise (in the Northern
Hemisphere) with respect to the mean layer wind V.

33. Given the wind at level h , the consistent similarity theory
defined by Equations 13-30 and 13-31 may be solved for the surface stress and
surface layer wind in a neutral PBL over terrain of specified roughness z,.
For a neutrally stratified PBL, A, and B, are reduced simply to constants
(1.39 and 1.95 + k, respectively). If 2z, is a constant, as, say, over a
homogeneous land surface, u. may be obtained directly from Equations 13-30
and 13-31. However, since roughness over a lake probably depends on u., 2z,
may in general be prescribed in terms of u. using the general form proposed
by Cardone (1969):

13-14




Shear siress (sea) / »

Shear stress (lond)

Figure 13-2. Internal coordinate system for PBL model

z, = c,ui s G U+ G (13-38)

where C,, C,, and C, are constants to be chosen to impose a desired drag law.
(For example, for a Charnock law, C, = C, = 0, C, = a/g; for land, C, -~ C, = O,
C, is the roughness parameter for the terrain type).

34. Implementation of the above model in the specification of hurricane
surface wind fields over terrain of arbitrary roughness or lakes is coded as
subroutine UPDOWN, which al}ows for the calculation of transformations for up
to six terrain categories. Roughness constants C,, C,, and C, are specified

for each terrain category. The procedure followed is:

a. Given the integrated boundary layer wind u, v, and the
conditions of a given hurricane over water (h, 8,-0,, f, k, a),
compute u. from the revised overwater similarity
parameterization.

b. From Equations 13-36 and 13-37, compute the wind speed and
direction at level h, the top of the PBL.

¢. For each terrain roughness specified in terms of Equation 13-
38, the neutral similarity model (13-30 and 13-31) is used to
compute the friction velocity appropriate to the terrain
roughness u., the ratio u./|V|, and the angle between the
surface stress and the integrated wind. The ratio and the
turning angle are computed for || ranging from 0.8-80.0 m/sec
in increments of 0.8 m/sec, for each roughness category and
stored for use in the specification of surface winds in a given
simulation over a grid covering different terrain types.
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35. The overall behavior of the transformations is exemplified in
Figure 13-3, which shows the ratio of surface wind speeds at 20 m (overland
divided by oversea) and the difference between the overland and oversea inflow
angle for two terrain roughnesses: 0.04 m and 0.32 m. For comparison, Figure
13-3 shows the results for the wind-speed ratio derived from numerical mixed-
terrain and overwater solutions for a symmetric stationary vortex (radius and
pressure drop as in Camille). To arrive at the indicated quantities, the
surface wind speed and direction along a radial extending north of the eye
over land in the mixed terrain case were referenced to the (symmetrical) solu-
tion along the radial for open ocean. It should be recalled that in the
mixed-terrain solution, the wind field over land looked reasonable. Appar-
ently, that solution can be retrieved simply from the overwater solution using
the equilibrium model described above. It is also interesting to note that
the form of the dependence shown in Figure 13-3 conforms closely to the
empirical wind-speed ratio derived from measurements in hurricanes in and
around Lake Okeechobee by the U.S. Weather Bureau, Hydrometeofological Section

(Cardone, Greenwood, and Greenwood 1992).
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Figure 13-3. Behavior of overland/oversea transformation (from Cardone,
Greenwood, and Greenwood (1992))
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PART III: GENERAL STRUCTURE OF HURWIN

36. HURWIN was:'prepared to simplify usage of the tropical storm
planetary boundary layer routines. The program, in conjunction with CMS
library routines, assists with construction of input files, building SCRIPT
files (job control language on the Cray supercomputer) to run the programs and
manipulate files, and producing various output products. HURWIN is a branch
of the CMS Spectral Wave Modeling Module. The name HURWIN represents the
whole collection of codes needed to generate hurricane wind fields (wind
direction and either wind speed or wind stress defined as u}) with the
Planetary boundary layer model. An option is available to save pressure
fields as well. The terms "tropical storm," "hurricane,” and "typhoon" are
used interchangeably. A hurricane is merely a tropical storm with maximum
sustained wind speeds exceeding 75 mph. A typhoon is a tropical storm located
west of the date line in: the western Pacific Ocean. The present version of
HURWIN is not generalized or verified for use with tropical storms in the
Southern Hemisphere.

37. HURWIN is based on the concept that a tropical storm generally
changes structure relatively slowly. For example, the structure of a
hurricane traveling over open water can usually be well-represented by
parameters specified at intervals of from 6 to 24 hr. These representative
states are referred to as "snapshots” in HURWIN nomenclature. Although the
structure typically changes slowly, the storm position can change relatively
quickly. The differences in time scale between storm structure and position
changes are accommodated in HURWIN by a very flexible procedure. The user is
allowed to specify the position of the storm center at every hour. The
appropriate snapshot or pair of snapshots for that hour is also specified.
Snapshot(s) are assumed to be coincident with the actual storm center. If a
pair of snapshots is given, the user specifies the relative weighting to be
assigned to each snapshot and the wind field is linearly interpolated between
the two snapshots. The user has additional flexibility through an option to
rotate snapshots through any angle. This option changes the direction of
storm approach.

38. The operational functions of the HURWIN branch of the Spectral Wave
Modeling module are illustrated in Figure 13-4. The three main functions are:
input file building, running programs, and post-processing. In general, the
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file-building function must be used prior to the functions to run programs and

post-process the model results. The routines called under each function are

represented in Figure 13-4. Those with names ending in ".F" are written in
FORTRAN. The others are written in SCRIPT. The main purpose of each routine

is as follows:

CMS_HURWIN MN: SCRIPT file to select the desired
function (build input files, run, or post-process) and run the
appropriate SCRIPT file.

File-Building Functjon

CMS_HURWIN FB: SCRIPT file to run input file-building routine.

HURINTERACT.F: FORTRAN program to create input data

files or specify input files that are already available,
including: 1) namelists (described in a following section);
2) output grid information; 3) output station information;
and 4) hourly time history information on the storm.

Run Programs Functjon

CMS_HURWIN RP: SCRIPT file to run HURJOBER1.F and
hurricane wind computation programs (HURWIN RUN).

HURJOBER1.F: FORTRAN program to create SCRIPT file

to run winds, including: 1) create HURWIN RUN; 2) prompt
user for output file name header; and 3) write output file
names to a plotting file.

HURWIN_RUN: SCRIPT file to run hurricane wind computation -
programs.

SNAP.F: FORTRAN program to compute snapshot wind fields at
specified times. (Note: There are two different programs here.
HURWIN automatically invokes the proper program, depending on
the parameters specified by the user. The program file
"snap_adc.f" is used for the standard pressure profile; the
program file "snap_hol.f" is used for the generalized pressure
profile.)

HIST.F: FORTRAN program to interpolate wind fields
in space and time to provide hourly results at selected stations
and/or output grid locations.

BLEND.F: FORTRAN program to blend wind fields

created during coarse (background) and fine resolution runs of
SNAP.F and HIST.F to provide winds on the user-specified output
grid. The blended wind field consists of winds from the fine
grid over its coverage area and winds from the coarse grid (with
25-km cell size) for other output grid areas. A nearly
identical program "blendp.f" performs the same function for
pressure fields.
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Rost-Processing Funccion
- CMS_HURWIN_PP: SCRIPT file to run post-processing programs.
- WINDPLOT.F: FORTRAN program to plot wind fields.

- TIMEPLOT.F: FORTRAN program to plot time history of
winds at selected stations or output grid locations.

39. Program HURWIN uses a number of files as inputs or outputs for
various routines. Some of the files may be pre-existing files provided as
input by the user, but most are created in HURWIN. Many files are created and
used internally as part of the HURWIN stream of programs, and are not of
direct interest to the user. The user has some freedom in specifying names of
external input and output files. All internal files are pre-named. Figures
13-5 through 13-7 indicate the files created and used by each program in
HURWIN. Each file has associated option and unit numbers. Unit numbers are
arbitrary. They are important in understanding program operation, but they
are irrelevant to a routine user. Required input files are identified with
the letter "R." Files that are automatically created by routines are
identified with the letter "A." Files that the user has an option of
providing or not providing (though they may be required later in the program
stream) are identified with the letter "0." The contents and format of data
within each file are described in Part V. Coordination between programs in
the three functions is evident in that files created in one function are often
used as input in another function.

40. The organizational procedure for a typical simulation is as
follows:

- Run the input file-building routine to provide input
data on the simulation and desired output.

- Using the input data, run the computational programs
to generate wind fields at desired stations and/or on a desired
output grid.

- Plot time history of wind parameters at selected
stations and/or plot full wind field at selected times.

- Use output wind fields as input to a wave, storm

surge, or circulation model (e.g., the SHALWV wave branch of
the Spectral Wave Modeling Module).
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o Ie)
é g RUN PROGRAMS ROUTINE 5 A
Zlw z -
- -
R| 4| PARAMETER FILE JCL TO RUN WIND COMPUTATIONAL
(filel.hur) RUN PROGRAMS A|l0
(hurwin_run)
R| 8| FILE NAMES hurjoberl] FILE NAMES, POST-PROCESSING |A]lS
(filenmi.hur) (filenmpst.hur)
R[12| SNAPSHOT INPUT SNAPSHOT INFORMATION All3
(snapin.hur) RUN (fort.13)
R|21}| VERSION OF SNAP
(snapl.hur snap GENERAL RUN INFORMATION Al25
or snap2.hur) (fort.25)
R| 4| PARAMETER FILE
(filel.hur)
R{16| HOURLY HISTORY INPUT INITIAL WIND FIELD
(histin.hur) OR WIND STRESS FIELD A|20
0|18| OUTPUT GRID PARAMETERS RUN (windOl or wind02)
(gridparm.hur) WIND CHARACTERISTICS Al 9
O(l4{ LAND/SEA (TERRAIN) TABLE hist (USER-SPECIFIED + .sum)
(1lndsea.hur) INITIAL PRESSURE FIELD 017
R|13| SNAPSHOT INFORMATION (presOl or pres02)
(fort.13) GENERAL RUN INFORMATION Al26
R! 4] PARAMETER FILE (fort.26)
(filel.hur)
R| 7| INITIAL WIND OR PRESSURE FINAL OUTPUT WIND OR Alll
FIELD ON COARSE GRID RUN PRESSURE FIELD
(windOl or presOl) (USER-SPECIFIED + .win
R! 8] INITIAL WIND OR PRESSURE blend OR USER-SPECIFIED + .prs)
FIELD ON FINE GRID
(wind02 or pres02)
R| 4| PARAMETER FILE
(filel.hur)

*A = Automatically Created Output File
O = Optionally Created or Required File
R = Required Input File

Figure 13-6.

Run programs function
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PART IV: HURWIN MODULE FUNCTIONS AND ROUTINES

41. The first function of the HURWIN branch of the Spectral Wave .
Modeling module of CMS is to build most or all of the necessary input files
for the user'’s application. The second function is to run the computational
programs. The third function is to display graphically or statistically the
results of the user’s most recent HURWIN run. Descriptions of the operation
of each function and routine and the specific information required by each

function and routine are presented in the following sections.
File-Bujlding Function

42, The first function of the HURWIN module is to assist users in
building the input files required. Users are prompted for input through a
series of menu selections and question-answer sessions. It is recommended
that the file-building function routines be used at all times to organize data
and files for a HURWIN run. This precaution will minimize potential file
format and organizational errors.

43. The HURWIN file-building function includes options to use any pre-
existing input files. File names of pre-existing files must be different from ‘
the file names used in HURWIN. For example, a pre-existing file must not be
named ‘snapin.hur.’ The user can specify which files are already complete and
which files need to be built. Then HURWIN will assist the user in building
the necessary files. It will also show the user the contents of pre-existing
files, give the user an opportunity to change any values, and write the pre-
existing information, Qith any user-specified changes, to the appropriately
named HURWIN input files.

44, The input file-building routine is used to construct the required
files of ..~melists 1, 2, and 3 (snapin.hur); namelists 4 and 5, station and
history parameters (histin.hur); parameter file (filel.hur); main file of file
names (filenmi.hur); output grid parameters (gridparm.hur); and land/sea table
(lndsea.hur). The latter two files are optional, needed only when an output
grid of winds is desired.

45, Descriptions of the data requested by the input file-building
routine (HURINTERACT.F) are provided below. The descriptions have the
following format: the prompts that the user will see during the interactive
file-building session are provided by "Question:" as they would appear on the .
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user’'s terminal during the interactive file-building session along with an

identifying number for reference (e.g. GF-1, which stands for General File

Building question number 1).
used to answer the question.
responses, then the permitted range of values is given.

the user to choose preset responses, defined in "Default:".

A list of "Options:" is provided, which may be
I1f the question allows only a limited range of
Some questions allow

Also the FORTRAN

name of the variable being specified is given in parentheses on the "Default:"

line.

in order for the user to encounter the current question.

"Preselect:" identifies answers to previous questions that are required

For example,

question GF-7 will be asked only if the user previously answered "Yes" to

question GF-6.

Each question is explained under the "Define:" section, and a

list of "Cautions:" is provided when appropriate to alert users to special

requirements of the module.

When necessary, a "PATH:" is provided that

indicates which question is next based on answers to previous questions.

While all of the possible questions are listed below, the user will not

encounter all of them in any simulation.

GF-1

GF-2

GF-3

Question
Options

Default
Preselect
Define

Caution
Question
Options
Default
Preselect
Define
Caution
Question
Options
Default

Preselect

Enter DESIRED SYSTEM OF UNITS >

1 - METRIC (m & km, Deg-C)

2 = ENGLISHl1 (ft & miles, s, mph, Deg-F)

3 =~ ENGLISH2 (ft & nm, s, knots, Deg-F)

4 = OCEANWEA (units of Cardone et al. 1992)

4 (IUNITS)

s, m/s,

None.

Select the system of units to be used for user-specified
input.

None.

Enter FOUR CHARACTER NAME OF STORM >

Any group of up to four characters or numbers.
None. (STORM)
None.

Specify an identifying name for the storm.

None.

Enter NUMBER OF SNAPSHOTS >

value > 0

None. (NZ)

None.

15-25




GF-4

GF-5

GF-6

PATH:

GF-7

GF-8

Define Specify the number of snapshots to be read.
Caution : Nonme.
Question : Enter TIME ZONE FOR STARTING TIME >
Options : 1 = (UTC) Universal Time Coordinate (formerly GMT)
2 = (EST) Eastern Standard Time
3 = (EDT) Eastern Daylight Time
4 = (CST) Central Standard Time
5 = (CDT) Central Daylight Time
Default 1 (1ZONE)
Preselect : None.
Define Select time zone for input and output.
Caution : None.
Question : Enter STARTING TIME (YYMMDDHH) >
Options
Default : None. (ISTART)
Preselect : None.
Define Enter the year, month, day, and hour for the first
simulation time.
Caution : None.
Question : Change parameters in roughness law? >
Options : Y = yes, change at least one parameter;
N = no, use default values.
Default : Nomne. (REPLY)
Preselect : None.
Define Provides an option to change roughness law parameters.
Caution : Nonme.
o IF "N" ON GF-6, GO TO GF-14.
Question : Enter AIR-LAND TEMP DIFFERENCE (Deg-C,Deg-F) >
Options : -12.0 < value < 12.0
Default : .0 (DTH1)
Preselect : GF-6, option "Y".
Define Specify temperature difference between air and land.
(+ = land temperature is lower, - = land temperature is
higher)
Caution : None.
Question : Enter AIR-SEA TEMP DIFFERENCE (Deg-C,Deg-F) >
Options : -12.0 < value < 12.0.
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GF-9

GF-10

Default
P-eselect
Define

Caution
Question
Options

Default
Preselect
Define

Caution

Question
Options

Default
Preselect
Define

Caution

GF-11 Question

GF-12

GF-13

Options
Default
Preselect
Define
Caution
Question
Options
Default
Preselect
Define
Caution
Question
Options

-2.0 (DTH2)
GF-6, option "Y".

Specify temperature difference between air and water.
(+ = sea temperature is lower, - = sea temperature is

higher).

None.

Enter BOUNDARY LAYER HEIGHT OVER WATER (m,ft) >

0.0 < value < 2000.0 m;

0.0 < value < 6600.0 ft.

500.0 m; 1640.4 ft. (HH)
GF-6, option "Y".

Specify the height of the planetary boundary layer over
water.

The default value should be used unless the user has
specific knowledge about the storm being modeled.

Enter POTENTIAL TEMPERATURE (deg C, deg F, deg K) >

0.0 < value < 47.0 deg C

32.0 =< value =< 116.6 deg F

280 < value < 320 deg K

26.85 Deg-C; 80.33 deg F; 300 deg K. (PTH)
GF-6, option "Y".

Specify the potential temperature.

The default value should be used unless the user .has
specific knowledge about the storm.

Enter VON KARMAN’S CONSTANT >

0.3 < value < 0.5

0.35 (K35)
GF-6, option "Y".

Specify value of von Karman’s constant.

The default value is recommended.

Enter ROUGHNESS LENGTH OVER LAND >

0.0 < value < 1.0

0.08 (ZOLAND)

GF-6, option "Y".

Specify the characteristic roughness length over land.
None.

Enter CHARNOCK'S CONSTANT >

0.01 < value < 0.05.
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GF-14

PATH:
GF-15

CF-16

GF-17

Default 0.035 (GARR)

Preselect GF-6, option "Y".

Define Specify Charnock’s constant.

Caution The default value is recommended.

Question Do you want to change any of the Z0 coeff.? >

Options Y = yes, change at least one set of coeff.;

N = no, use default values.
Default (ZCOEFF)

Ierrain [of [0 G

1) Lake 0.0 0.0037 0.015

2) Marsh 0.0 0.0 0.04

3) Plains 0.0 0.0 0.16

4) Woods 0.0 0.0 0.32

5) Cities 0.0 0.0 1.28

Preselect None.

Define Provides an option to change roughness law coefficients
for non-open water terrains (Equation 13-25). Note that
the coefficients are dimensioned in metric units.

Caution None.

o IF "N" ON GF-14, GO TO GF-19.

Question Correct which number ? (1-5) >

Options 1 < value < 5

Default None.

Preselect GF-14, option "Y".

Define Specify terrain for which new roughness
coefficients are desired. Terrain type
identification numbers are given with GF-14.

Caution None.

Question Enter value Cl:

Options

Default None.

Preselect GF-14, option "Y".

Define Specify value for C, in roughness law
(Equation 13-25).

Caution There are no internal checks to ensure that
reasonable values are entered.

Question Enter value C2:

Options
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GF-18

GF-19

GF-20

GF-21

Default
Preselect
Define

Caution

Question
Options
Default
Preselect
Define

Caution

Question
Options

Default
Preselect
Define
Caution
Question
Options
Default
Preselect
Define

Caution
Question
Options

Default
Preselect
Define

Caution

None.
GF-14, option "Y".

Specify value for C, in roughness law
(Equation 13-25),

There are no internal checks to ensure that
reasonable values are entered.

Enter value C3:

None.
GF-14, option "Y*".

Specify value for C, in roughness law
(Equation 13-25).

There are no internal checks to ensure that
reasonable values are entered.

Enter CHOICE FOR PRESSURE SPECIFICATION >

1 = standard (single exponential)

2 = generalized (double exponential)

1 (IPSPEC)
None.

Specify form of pressure proiile.

None.

Enter NUMBER OF COMPUTATIONAL NESTS (5-7) >

5 < value < 7

7 (NESTS)
None.

Specify number of grid nests to be used in
computing the vortex wind fields.

None.

Enter INNERMOST GRID SPACING (km,miles.nm) >

0.0 < value < 20.0 km

0.0 < value < 12.4 miles

0.0 < value < 10.8 nm

2.0km; 1.2 miles; 1.0 nm. (DXX)
None.

Specify spacing between points in the

innermost (and finest) nested grid to be used
for computation. DXX is converted to the
parameter DX described by Cardone et al. (1994).

None.
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GF-22

GF-23

GF-24

GF-25

Question
Options
Default

Preselect
Define

Caution
Question
Options

Default
Preselect
Define

Caution

Enter NUMBER OF WIND COMPUTATION CYCLES >

0 < value < 4,000

800 (GF-19, option "1%);

3200 (GF-19, option "2%) (NM)
None.

Specify number of iterations to be used in
computing the vortex wind fields.

Default values are recommended.

Enter PRESSURE FIELD QUADRANT INDICATOR >

0 = circularly symmetric pressure field.

1 = first quadrant is right front.

2 = first quadrant is forward.

0 (IQUAD)
GF-19, option "1",

Specify whether the pressure field is to be
circularly symmetric or not. If not, specify
the location of the first quadrant.

None.

Questions GF-24 through GF-35 are repeated
for each snapshot.

Questi

Options

Default
Preselect
Define

Caution
Question
Options
Default
Preselect
Define

Enter SURFACE GEOSTROPHIC WIND,SGW
(m/s ,mph,knots)>

0.0 < value < 50.0 m/sec.

0.0 < value < 111.85 mph.

0.0 < value < 97.2 knots.

None. (SGW)
None.

Specify the speed of the surface geostrophic
wind or steering flow (i.e., the wind which
would be present if the hurricane were not
there).

None.

Enter DIRECTION OF SGW (Deg) >
0.0 < value < 360.0

None. (AN1)
None.

Specify the direction from which the surface
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GF-26

GF-27

GF-28

GF-29

GF-30

Caution

Question
Options
Default
Preselect
Define

Caution

Question
Options
Default
Preselect

Define

Caution
Question
Options

Default
Preselect
Define
Caution
Question
Options
Default
Preselect
Define
Caution

Question

Options

geostrophic wind is blowing, in deg azimuth
(meteorological convention).

Some old parameter files may be based on other

conventions, such as direction toward which the wind is
blowing and deg measured counterclockwise from the

x-axis (Cardone, Greenwood, and Greenwood 1992).
Enter NORTH LATITUDE OF EYE OF STORM (Deg) >
0.0 < value < 90.0

None.

None.

Specify latitqde coordinate of storm eye
(Northern Hemisphere).

The value entered should best characterize the
snapshot (even though it may actually be
changing).

Enter TRACK DIRECTION, clockwise from north >
0.0 < value < 360.0

None.

None.

Specify direction toward which storm is moving,
in deg azimuth,

None.

Enter FORWARD SPEED OF STORM (m/s,mph,knots) >
0.0 < value < 50.0 m/s

0.0 < value < 111.85 mph

0.0 < value < 97.2 knots

None.

None.

Specify forward translation speed of storm.
None.

Enter PRESSURE AT EYE OF STORM (mb) >
850.0 < value < 1,000.0 mb

None.

None.

Specify central pressure of storm.

None.

Enter PRESSURE PROFILE SCALE
RADIUS(