U. S. DEPARTMENT OF COMMERCE
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
NATIONAL WEATHER SERVICE
NATIONAL CENTERS for ENVIRONMENTAL PREDICTION

TECHNICAL NOTE

HIGH-RESOLUTION OCEAN SURFACE WIND ANALYSES
USING SATELLITE DERIVED OCEAN SURFACE WINDS:
ANALYSIS VALIDATION USING SYNTHETIC SATELLITE DATA

William H.Gemmill &
Christopher A. Peters (*)

ENVIRONMENTAL MODELING CENTER
WASHINGTON, D. C.

THIS IS AN UNREVIEWED MANUSCRIPT, PRIMARILY
INTENDED FOR INTERNAL EXCHANGE OF INFORMATION

(*) Present Affiliation
General Sciences Corporation
Laurel, Maryland, 20707

OMB CONTRIBUTION NO. 147

JULY 1997



No. 2.

No. 8.

No. 10.

No. 11.

No. 12.

No. 19.

No. 20.

OPC CONTRIBUTIONS

Burroughs, L. D., 1987: Development of Forecast Guidance for Santa Ana Conditions. National Weather Digest, Vol.
12 No. 1, 7pp.

Richardson, W. S., D. J. Schwab, Y. Y. Chao, and D. M. Wright, 1986: Lake Erie Wave Height Forecasts Generated by
Empirical and Dynamical Methods -- Comparison and Verification. Technical Note, 23pp.

Auer, S. ]., 1986: Determination of Errors in LFM Forecasts Surface Lows Over the Northwest Atlantic Ocean.
Technical Note/NMC Office Note No. 313, 17pp.

Rao, D. B, S. D. Steenrod, and B. V. Sanchez, 1987: A Method of Calculating the Total Flow from A Given Sea
Surface Topography. NASA Technical Memorandum 87799., 19pp.

Feit, D. M., 1986: Compendium of Marine Meteorological and Oceanographic Products of the Ocean Products Center.

NOAA Technical Memorandum NWS NMC 68, 93pp.

Auer, S. J,, 1986: A Comparison of the LFM, Spectral, and ECMWF Numerical Model Forecasts of Deepening
Oceanic Cyclones During One Cool Season. Technical Note/NMC Office Note No. 312, 20pp.

Burroughs, L. D., 1987: Development of Open Fog Forecasting Regions. Technical Note/NMC Office Note. No. 323,
36pp.

Yu, T. W., 1987: A Technique of Deducing Wind Direction from Satellite Measurements of Wind Speed. Monthly
Weather Review, 115, 1929-1939.

Auer, S. J., 1987: Five-Year Climatological Survey of the Gulf Stream System and Its Associated Rings. Journal of
Geophysical Research, 92, 11,709-11,726.

Chao, Y. Y., 1987: Forecasting Wave Conditions Affected by Currents and Bottom Topography. Technical Note,
11pp.

Esteva, D. C., 1987: The Editing and Averaging of Altimeter Wave and Wind Data. Technical Note, 4pp.
Feit, D. M., 1987: Forecasting Superstructure Icing for Alaskan Waters. National Weather Digest, 12, 5-10.

Sanchez, B. V., D. B. Rao, and S. D. Steenrod, 1987: Tidal Estimation in the Atlantic and Indian Oceans. Marine
Geodesy, 10, 309-350.

Gemmill, W. H., T. W. Yu, and D. M. Feit 1988: Performance of Techniques Used to Derive Ocean Surface Winds.
Technical Note/NMC Office Note No. 330, 34pp.

Gemmill, W, H., T. W. Yu, and D. M. Feit 1987: Performance Statistics of Techniques Used to Determine Ocean

Surface Winds. Conference Preprint, Workshop Proceedings AES/CMOS 2nd Workshop of Operational Meteorology.
Halifax, Nova Scotia., 234-243.

Yu, T. W., 1988: A Method for Determining Equivalent Depths of the Atmospheric Boundary Layer Over the Oceans.
Journal of Geophysical Research. 93, 3655-3661.

Yu, T. W., 1987: Analysis of the Atmospheric Mixed Layer Heights Over the Oceans. Conference Preprint, Workshop
Proceedings AES/CMOS 2nd Workshop of Operational Meteorology, Halifax. Nova Scotia, 2, 425-432.

Feit, D. M., 1987: An Operational Forecast System for Superstructure Icing. Proceedings Fourth Conference
Meteorology and Oceanography of the Coastal Zone. 4pp.

Esteva, D. C., 1988: Evaluation of Priliminary Experiments Assimilating Seasat Significant Wave Height into a
Spectral Wave Model. Journal of Geophysical Research. 93, 14,099-14,105.

Chao, Y. Y., 1988: Evaluation of Wave Forecast for the Gulf of Mexico. Proceedings Fourth Conference Meteorology
and Oceanography of the Coastal Zone, 42-49.



1. INTRODUCTION

The need for accurate high-resolution regional and coastal ocean surface wind analyses is increasing
with the arrival of high-resolution ocean modeling capabilities for: waves, circulation (currents), and
storm surges (water levels). Fortunately, high-resolution (or meso-scale) ocean surface wind data,
from several satellite systems, are now available in sufficient quantity to provide such support.
However, the science of converting parameters measured from satellites into ocean surface winds is
far from exact. It is necessary to be able to assess the impact of data from various satellites on
wind analyses; and, to determine how to blend the data from these different satellite systems to
produce accurate meso-scale ocean surface wind fields.

Currently, most ocean surface wind fields are available from global data assimilation systems. Even
when satellite surface wind data are used in these analyses, the satellite data are made into “super-
obs” at the scale of the model. A “super-ob” is simply the average of observations within the
immediate neighborhood of a model grid point. But since the model resolution is less than that of the
observation, the meso-scale wind information is lost through this process. Mullen (1994) compared
objectively generated surface analyses (NCEP global model) over the North Pacific ocean with
subjectively drawn analyses to show that the objective analyses not only misplace the locations of
storm systems but also consistently underestimate their intensity. Therefore, an analysis technique is
developed and tested to provide objective analyses of high-resolution ocean surface wind fields over
selected U. S. coastal regions. This method is based on a reanalysis procedure in an attempt to regain
some additional information from the observations which has been lost in the larger-scale global
analysis system. This analysis is an extension of an earlier ocean surface wind analysis program
(Gemmill, 1991). Those wind analyses were initially based on the reanalysis of real-time ocean surface
wind data using ships, fixed buoys and coastal stations, on a high-resolution grid, with the initial wind
analysis interpolated from the global data assimilation system (GDAS) at 2.5 X 2.5 latitude and
longitude. This paper presents the methodology of the current technique which is based on a higher
resolution initial grid of GDAS (at 1.0 X 1.0 latitude/longitude) and the incorporation of satellite
data. An updated version of the analysis system was presented by Gemmill & Peters (1996).

Bumke and Hasse (1989) showed that it was possible to improve the resolution of a low-resolution
global ocean surface wind analysis directly by reanalyzing surface observations of sea level pressure
and surface wind. Sanders (1990) has pointed out that obtaining an accurate detailed sea level
pressure analysis is no easy task, even when sufficient surface data (ERICA drifting buoys) are
available. However, those studies were based on only direct surface measurements (buoys and ships),
whereas today we have high-resolution (25km-50km) real-time wind data available over wide swaths
from satellite borne sensors. The data now are available from four DMSP satellites using the SSM/I
sensor to provide wind speed data across a 1500 km swath, and the ERS2 satellite using the
scatterometer sensor to provide wind vectors across a 500 km swath.






2. THE DATA

In this report we will deal with the impact of synthetic satellite data on analyses to gain insights into
the importance of the different satellite data sets. But, first we will review characteristics of the
various data sets available for ocean surface weather analyses.

It is well known that in-situ ocean surface wind measurements are sparse. These data have been
studied in some detail to determine their accuracy by Wilkerson and Earle (1990) and Pierson (1990).
The basic conclusion of these studies is that ship data when compared to buoy data are not adequate
for accurate analysis of the ocean wind field. In fact, whether the wind measurement was made by
an anemometer or by visual procedures, the quality was about the same. Gilhousen (1987) reports
that the buoy wind data, although not without some problems, are within the NDBC error
specifications of 1 m/s or 10% for speed and 20 degrecs for direction. Coastal stations can be used
for analysis, but the exposure must be known. Some of these platforms sit over the water, while
others may be on high cliffs at the water’s edge. Unfortunately, there is no uniform height for wind
measurements over the ocean. Buoy heights’ range from 3.8 m to 14m, and ships somewhat higher
at 20m, but that height depends on the size of the ship and its "load", and the problems with coastal
stations have already been noted.

The DMSP satellite (SSM/T) provides wind speeds over periodic 102 minute polar orbits in swaths
of 1500 km and at a horizontal resolution of 25 km and at a height of 20m above the sea. It is a
passive microwave instrument (Table 1a). In mid-latitudes the satellite will pass over the same region
twice a day on its ascending and descending passes. There are four SSM/I satellites (F10, F11, F13
& F14) which are in similar orbits. The “standard” SSMI wind algorithm, which converts brightness
temperatures to wind speed through linear regression was calibrated to meet the error requirement
for speed of 2 m/s or 10% (Goodberlet, Swift and Wilkerson, 1989). But, these SSMI wind speed
data have two important limitations: winds cannot be measured 1) above 20 m/s and 2) for moderate
moisture and rain events. Hence, an “all-weather” algorithm has been developed using the non-linear
approach of neural networks (Krasnopolsky, Gemmill & Breaker, 1996). This algorithm gives
improved wind speeds over the 5-25 m/s range for a wide range of moisture conditions.

The ERS?2 satellite (with its scatterometer) provides wind vector data over periodic 102 minute polar
orbits in swaths of 500 km, at a horizontal resolution of 50 km and at a height of 10m above the sea.
This is an active microwave instrument (Table 1b). In mid-latitudes the satellite will pass over the
same region twice a day on its ascending and descending passes. The “standard” scatterometer
algorithm (which converts radar backscatter to wind speed through empirical functions) was
calibrated to meet the error requirement for speed of 2 m/s or 10%, and for wind direction of 20
degrees. NCEP has been receiving the “fast-delivery” wind data from ESA in real-time for
operational use. These wind speeds are of sufficient accuracy, but, the wind directions were found
to lacking in accuracy when compared with buoys data. Since the raw radar backscatter data were
also provided from ESA, NCEP processes these data to re-derive the wind speeds and directions
(Peters et al, 1994) with substantial improvement in accuracy to the direction (Gemmill et al, 1994).
In that study, we also compared various proposed transfer functions and showed that the transfer
function (CMOD4) used by ESA was best for providing wind speeds.






Table 1. Satellite Specifications for SSM/I and Scatterometer Derived Ocean Surface Winds.

SATELLITE OCEAN SURFACE WIND SPECIFICATIONS

- POLAR ORBITER (102 MINUTES)

- TWICE DAILY AREAL COVERAGE
(ONE ASCENDING & ONE DESCENDING PASS)

ERS1/2 DMSP
SENSOR SCATTEROMETER SPECIAL SENSOR
MICROWAVE / IMAGER
MODE ACTIVE MICROWAVE PASSIVE MICROWAVE
3 ANTENNA, 1-SIDED BT’s at 7 CHANNELS
DATA WIND SPEED & WIND SPEED
DIRECTION
SWATH 500 km 1492 km
No. OF POINTS 19 CELLS 64 CELLS
FOOTPRINT 50 km 40 km
WIND HEIGHT 10 m 20 m
SPEED RANGE 4 -24 m/s 3-25m/s
SPEED ACCURACY +/- 2 m/s, for > 20 m/s (10%) | +/- 2 m/s, for > 20 m/s (10%)
DIRECTION ACCURACY | +/- 20 deg N/A

3. THE ANALYSIS PROCEDURE

The first guess for the wind field is provided the NCEP Global Data Assimilation System (Derber,
Parrish and Lord, 1991) on a 1.0 X 1.0 degree latitude/longitude grid. These winds are obtained
from the midpoint of the lowest sigma layer of the model (about 45 m above the ocean surface), are
interpolated to the fine mesh grid which was chosen to be % degrees in longitude and 1/3 degrees
in latitude and are reduced to 20musing the neutral log-profile for a constant flux layer and the
winds. The test region for this analysis was selected to be the Northwestern Atlantic Ocean adjacent
to the U. S. east coast. The technique used to reanalyze the winds is based on a conditional
relaxation method, which is applied as follows. At each step the wind field is separated into "u" and
"v" components, and each component is analyzed independently. The Laplacian of the first guess
field component is calculated to be used as the forcing function. Wind data, by components, are used
to correct the wind field at the nearest grid point, which then are set as fixed internal grid points.



Winds at non-corrected internal ocean grid points are determined by numerical relaxation against the
forcing function. A conditional relaxation method is applied in two steps; first, after the ERS2
scatterometer wind vector data have been incorporated into the analysis, and then after the SSMI
wind speed data have been incorporated for the final analysis. The SSMI wind speed is decomposed
into “u” and “v” components using the directions from the nearest four neighbors after the ERS2
winds have been taken into account. The conditional relaxation method corrects the analysis to the
data where data exist and spreads the influence of the data to the rest of the field by preserving the
second derivative (Laplacian) of the first guess field. The use of the Laplacian as the forcing function
essentially preserves the original first guess shape of the field at grid points where no data were
available. See appendix A for a description of the conditional relaxation procedure.

The conventional surface data of buoys, ships and c-man stations are withheld from the analysis.
Buoys are to be used for validation only.

During the reanalysis process, the satellite data has corrected the first guess surface wind field to
reflect the new data. But now one would suspect that the first guess surface pressure analysis will
not necessarily be consistent (in balance) with the reanalyzed wind field. Therefore, a "new" sea level
pressure analysis is generated through the use of the diagnostic “balance equation” with the inclusion
of friction terms, using the reanalyzed winds. Table 2 summarizes the flow of the analysis

procedures.

Table 2. Overview For the Sequence of Steps to Perform Satellite Wind Analyses

Field or Data Source

Operation Step

The First Guess Surface Wind

Interpolate Global Wind Analysis to High-
Resolution Grid

Satellite Data

Scatterometer Wind Vector Data is Retrieved

Intermediate High-Resolution Surface Wind
Analysis

Execute Wind Analysis Program

Satellite Data

SSM/I Wind Speed Data is Retrieved

New High-Resolution Surface Wind Analysis

Execute Wind Analysis Program

Balanced Sea Level Pressure Analysis

Apply The Balance Equation

Buoy Data

Perform Validation of Surface Wind and Sea
Level Pressure Analysis




4. ANALYSIS METHOD VALIDATION
a) Synthetic Data Tests

“Synthetic” data fields of pressures and winds are constructed which are assumed to represent the
“true” state of the atmosphere. These fields provide the basis for evaluating the analysis procedure
described in the previous section. A sea level pressure field is generated first by designing a
mathematical formulation, which contains large scale and small scale information. This is designated
as the “true” pressure field as shown in figure 1. For this case study, the “true” pressure analysis is
specified to have a deep storm system with a central pressure of 992.6 mb located near 38N & 67W.
To determine the “true” surface wind field, the gradient wind field is computed, then rotated and
reduced to simulate the frictional effects of the boundary layer. For this study the wind directions
are rotated 15 degrees to the left (toward low pressure) from the gradient (and geostrophic) wind
direction, and gradient speeds reduced by 30% (see figure 2).

Now, the “first guess” sea level pressure and surface wind fields are estimated. The “first guess” sea
level pressure ficld is created by removing the small scale information from the mathematical
formulation of the “true” sea level pressure analysis, and shifting the location of major pressure
systems to simulate the loss of detail created by smoothing and typical errors of first guess fields as
shown in figure 3. For the first guess, the intensity of the storm is reduced to a central pressure of
1001.4 mb, (an increase of almost 9 mb higher than the “true” central pressure), and displaced to near
41N & 65W (a distance of almost 350 km to the northeast of the the “true” location). To determine
the “first guess” surface wind field, the same operations are performed as above to determine the
“true” wind field; the gradient wind field is computed, then rotated and reduced to simulate the
frictional effects of the boundary layer (see figure 4).

Consider now the problem of introducing satellite wind measurements. It is assumed that the satellite
wind data are frec of any errors and are simply extracted from the “true” wind field (figure 2) to
simulate the passes of one scatterometer (SCAT 1) and two SSMI (SSMI 1 & SSMI 2) sensors over
the region at the time of the “true” analysis of the satellites. The swath of wind vector data (SCAT
1, figure 5) passes directly over the center of the storm, whereas the one swath of wind speed data
(SSMI 1, figure 6) also passed over the center of the storm the but other swath of wind speed data
(SSMI 2) passes far to the northeast (figure 7). In reality the time window used in analyses for
satellite or conventional data is typically +/- 3 hours centered at the analysis time. For the sake of this
analysis it is assumed that there are no errors in the data due to time differences between the analyses
and data. An ideal set of synthetic buoy data (figure 8) are also extracted from the true wind field,
with locations near the coastal areas to simulate available ground truth used for evaluation of the
analyses.

We now have constructed a first guess wind and pressure field, representing the “real world”. We
also have perfect satellite wind data, which allow can be used to determine directly the impact of
on the analysis. The analysis procedure (described in section 3) is then executed using the perfect
synthetic satellite wind data to correct the first guess wind field, and a new surface wind analysis is
created. But since the wind field has been altered with the satellite data, the original sea level
pressure first guess field will no longer be in balance with the new wind field. The new surface winds






APPENDIX A: CONDITIONAL RELAXATION

Each of the components (u and v) is treated separately. Initially, the forcing function (the Laplacian)
is computed from the appropriate component of the first guess which was obtained from the global
analysis interpolated to the high-resolution grid;

F=VU, (1a)

g

where V? Is the Laplacian operator, U(fg) is the appropriate first guess component.

The wind observations are separated by components, then checked for gross errors against the first
guess, and suspect data is discarded. The “good” observations are used to correct the nearest grid
point. Data are averaged if there more than one observation. All non-data grid points are relaxed
to determine new values of the appropriate component. Grid points that are external boundaries,
land, or have been corrected by data will held fixed through the relaxation. This process is continued
until the difference between the Laplacian of corrected wind field component and its forcing function
is nearly zero. This is done by solving iteratively (a2) at all non-data grid points to reduce the
residual (R):

R=V?U -F (a2)

A new value for U is obtained by using the residual, R, and a relaxation coefficient (a) as follows,

U 20+ R/a (a3)

n+l
so that after n iterations;

R <€, for small € (a4)

at all grid points.






APPENDIX B. THE BALANCE EQUATION

The balance equation can be written as:

- fOv _du _ af_zauav_

du ov

\%& s Rl _—
© E ox oy u oy dy dx

Where; o = specific density and f = coriolis parameter

dx dy

One can solve for p by solving thé balance equation, given u & v components of a wind field, by
Simultaneous Over-Relaxation (SOR) using the subroutine published by Press et al (1989).

Vp=F (x, v)

where F (the forcing function) contains only terms p, f, u & v
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TABLE 3. SYNTHETIC DATA TEST CASE STUDIES:
- Evaluation Statistics of Analysis Errors Based On Gridded True Fields.

CASE 1: Wind Vector data swath across center of true storm (figures 5, 9 & 10).
CASE 2: Wind Speed data swath across center of true storm (figures 6, 11 & 12).
CASE 3: Wind Speed data swath northeast of true storm center (figures 7, 13 & 14).
CASE 4: All wind data sets

PERFECT FLD | CASE1 CASE 2 CASE 3 CASE 4

SPEED - BIAS | (m/s)

FG-TRUE | -0.89 -0.89 -0.89 -0.89
NEW - TRUE | 0.01 0.30 -0.80 0.18
SPEED - RMS | (my/s)
FG-TRUE | 2.33 2.33 2.33 2.33
NEW - TRUE | 1.20 0.76 2.16 0.67
SLP - BIAS (mb)
FG - TRUE 0.60 0.60 0.60 | 0.60
NEW - TRUE | -0.34 -0.43 0.48 -0.50
SLP - RMS (mb)
FG - TRUE 1.99 1.99 1.99 1.99
NEW - TRUE | 0.87 1.36 1.76 0.86

LOWESTSLP | (MB)

FG 1001.4 1001.4 1001.4 1001.4

NEW 992.9 989.5 1000.6 990.3

TRUE 992.6 992.6 992.6 992.6







TABLE 4. SYNTHETIC DATA TEST CASE STUDIES:
- Evaluation Statistics of Analysis Errors Using Synthetic Buoy Data (figure 8).

CASE 1: Wind Vector data swath across center of true storm (figure 5, 9 & 10).
CASE 2: Wind Speed data swath across center of true storm (figure 6, 11 & 12).
CASE 3: Wind Speed data swath northeast of true storm center (figure 7, 13 & 14).
CASE 4. All wind data

BUOY DATA CASE 1 CASE 2 CASE 3 CASE 4
SPEED - BIAS | (m/s)
FG - DATA -3.16 -3.16 -3.16 -3.16
NEW - DATA | -0.40 0.64 -3.27 0.48
SPEED - RMS | (m/s)
FG - DATA 4.56 4.56 4.56 4.56
NEW - DATA | 2.17 1.31 4.89 1.34
DIRECTION - | (Deg)
BIAS
FG - DATA -2 -2 -2 -2
NEW - DATA | -3 3 1| -3
DIRECTION - | (Deg)
RMS
FG - DATA 20 20 20 20
NEW - DATA | 5 22 19 7
SLP - BIAS (mb)
FG - DATA 1.61 1.61 1.61 1.61
NEW - DATA | -0.91 -2.12 0.88 -1.27
SLP - RMS (mb)
FG - DATA 2.49 2.49 2.49 2.49
NEW - DATA | 1.42 2.57 1.80 1.87
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Figure 2. The “true” surface wind analysis (knots).
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Figure 4. The first-guess surface wind analysis (knots).
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Figure 6. Swath of synthetic SSM/I wind speed data
(knots) passing over storm.
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Figure 7. Swath of synthetic SSM/I wind speed data
(knots) passing to the northeast of storm.
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over the storm.
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Figure 10. Sea level pressure analysis (mb) based on the
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analysis generated from the synthetic scatterometer wind
vector data passing over the storm.
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Figure 11. Re-analyzed surface wind analysis (knots)
using synthetic SSMI wind speed data passing over the
storm.
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Figure 14. Sea level pressure analysis (mb) based on the

balanced equation using the re-analyzed surface wind
analysis generated from the synthetic SSMI wind speed

data passing to the northeast of the storm.
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Figure 15. Re-analyzed surface wind analysis .(knots)
using all synthetic wind data sets.
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Figure 16. Sea level pressure analysis (mb) based on the
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analysis generated from all synthetic wind data sets.






No.

No.

No.

No.

No.

No.

21.

oD

23,

24,

25.

. 26.

.27,

. 28,

29,

430,

31.

. 32,

< 33;

. 34,

.35,

.36,

<37,

. 38.

39.

. 40.

OPC CONTRIBUTIONS (Cont.)

Breaker, L. C., 1989: El Nino and Related Variability in Sea-Surface Temperature Along the Central California Coast.
PACLIM Monograph of Climate Variability of the Eastern North Pacific and Western North America. Geophvsical

Monograph 55, AGU, 133-140.

Yu, T. W., D. C. Esteva, and R. L. Teboulle, 1991: A Feasibility Study on Operational Use of Geosat Wind and Wave
Data at the National Meteorological Center. Technical Note/NMC Office Note No. 380, 28pp.

Burroughs, L. D., 1989: Open Ocean Fog and Visibility Forecasting Guidance System. Technical Note/NMC Office
Note No. 348, 18pp.

Gerald, V. M., 1987: Synoptic Surface Marine Data Monitoring. Technical Note/NMC Office Note No, 335, 10pp.

Breaker, L. C., 1989: Estimating and Removing Sensor Induced Correlation form AVHRR Data. Journal of
Geophysical Reseach, 95, 9701-9711.

Chen, H. S., 1990: Infinite Elements for Water Wave Radiation and Scattering. International Journal for Numerical
Methods in Fluids, 11, 555-569.

Gemmill, W. H., T. W. Yu, and D. M. Feit, 1988: A Statistical Comparison of Methods for Determining Ocean Surface
Winds. Journal of Weather and Forecasting. 3, 153-160.

Rao. D. B., 1989: A Review of the Program of the Ocean Products Center. Weather and Forecasting. 4, 427-443.
Chen, H. S., 1989: Infinite Elements for Combined Diffration and Refraction . Conference Preprint, Seventh
International Conference on Finite Element Methods Flow Problems, Huntsville, Alabama, 6pp.

Chao, Y. Y., 1989: An Operational Spectral Wave Forecasting Model for the Gulf of Mexico. Proceedings of 2nd
International Workshop on Wave Forecasting and Hindcasting, 240-247.

Esteva, D. C., 1989: Improving Global Wave Forecasting Incorporating Altimeter Data. Proceedings of 2nd
International Workshop on Wave Hindcasting and Forecasting, Vancouver, B.C.. April 25-28. 1989, 378-384.

Richardson, W. S., J. M. Nault, and D. M. Feit, 1989: Computer-Worded Marine Forecasts. Preprint. 6th Symp. on
Coastal Ocean Management Coastal Zone 89, 4075-4084.

Chao, Y. Y., and T. L. Bertucci, 1989: A Columbia River Entrance Wave Forecasting Program Developed at the Ocean
Products Center. Techical Note/NMC Office Note 361.

Burroughs, L. D., 1989: Forecasting Open Ocean Fog and Visibility. Preprint, 11th Conference on Probability and
Statisitcs, Monterey, Ca., 5pp.

Rao, D. B., 1990: Local and Regional Scale Wave Models. Proceeding (CMM/WMO) Technical Conference on Waves,
WMO, Marine Meteorological of Related Oceanographic Activities Report No, 12, 125-138.

Burroughs, L.D., 1991: Forecast Guidance for Santa Ana conditions. Technical Procedures Bulletin No. 391, 11pp.

Burroughs, L. D., 1989: Ocean Products Center Products Review Summary. Technical Note/NMC Office Note No.
359. 29pp.

Feit, D. M., 1989: Compendium of Marine Meteorological and Oceanographic Products of the Ocean Products Center
(revision 1). NOAA Technical Memo NWS/NMC 68.

Esteva, D. C.,, and Y. Y. Chao, 1991: The NOAA Ocean Wave Model Hindcast for LEWEX. Directional Ocean Wave
Spectra, Johns Hopkins University Press, 163-166.

Sanchez, B. V., D. B. Rao, and S. D, Steenrod, 1987: Tidal Estimation in the Atlantic and Indian Oceans, 3°x 3°
Solution. NASA Technical Memorandum 87812, 18pp.




No.

No.

No.

.41,

.42,

.43.

-44.

. 45.

. 46.

.47.

. 48.

. 49.

. 50.

51

- 92

, 53

.54,

=55,

. 56.

57

58.

59,

. 60.

OPC CONTRIBUTIONS (Cont.)

Crosby, D. S, L. C. Breaker, and W. H. Gemmill, 1990: A Defintion for Vector Correlation and its Application to
Marine Surface Winds. Technical Note/NMC Office Note No. 365, 52pp.

Feit, D. M., and W. S. Richardson, 1990: Expert System for Quality Control and Marine Forecasting Guidance.
Preprint, 3rd Workshop Operational and Metoerological. CMOS, 6pp.

Gerald, V. M., 1990: OPC Unified Marine Database Verification System. Technical Note/NMC Office Note No. 368,
14pp.

Wohl, G. M., 1990: Sea Ice Edge Forecast Verification System. National Weather Association Digest, (submitted)
Feit, D. M., and J. A. Alpert, 1990: An Operational Marine Fog Prediction Model. NMC Office Note No. 371, 18pp.

Yu, T. W, and R. L. Teboulle, 1991: Recent Assimilation and Forecast Experiments at the National Meteorological
Center Using SEASAT-A Scatterometer Winds. Technical Note/NMC Office Note No. 383, 45pp.

Chao, Y. Y., 1990: On the Specification of Wind Speed Near the Sea Surface. Marine Forecaster Training Manual.

Breaker, L. C., L. D. Burroughs, T. B. Stanley, and W. B. Campbell, 1992: Estimating Surface Currents in the Slope
Water Region Between 37 and 41°N Using Satellite Feature Tracking. Technical Note, 47pp.

Chao, Y. Y., 1990: The Gulf of Mexico Spectral Wave Forecast Model and Products. Technical Procedures Bulletin
No. 381, 3pp. ‘

Chen, H. S., 1990: Wave Calculation Using WAM Model and NMC Wind. Preprint, 8th ASCE Engineering
Mechanical Conference, 1, 368-372.

Chao, Y. Y., 1990: On the Transformation of Wave Spectra by Current and Bathymetry. Preprint, 8th ASCE
Engineering Mechnical Conference, 1, 333-337.

WAS NOT PUBLISHED

Rao, D. B, 1991: Dynamical and Statistical Prediction of Marine Guidance Products. Proceedings, IEEE Conference
Oceans 91, 3, 1177-1180.

Gemmill, W. H., 1991: High-Resolution Regional Ocean Surface Wind Fields. Proceedings. AMS 9th Conference on
Numerical Weather Prediction, Denver, CO, Oct. 14-18, 1991, 190-191.

Yu, T. W, and D. Deaven, 1991: Use of SSM/I Wind Speed Data in NMC's GDAS. Proceedings. AMS 9th Conference
on Numerical Weather Prediction, Denver, CO, Oct. 14-18, 1991, 416-417.

Burroughs, L. D., and J. A. Alpert, 1993: Numerical Fog and Visiability Guidance in Coastal Regions. Technical
Procedures Bulletin. No. 398, 6pp.

Chen, H. S., 1992: Taylor-Gelerkin Method for Wind Wave Propagation. ASCE 9th Conf. Eng. Mech. (in press)

Breaker, L. C., and W. H. Gemmill, and D. S. Crosby, 1992: A Technique for Vector Correlation and its Application to
Marine Surface Winds. AMS 12th Conference on Probability and Statistics in the Atmospheric Sciences, Toronto,
Ontario, Canada, June 22-26, 1992,

Yan, X.-H., and L. C. Breaker, 1993: Surface Circulation Estimation Using Image Processing and Computer Vision
Methods Applied to Sequential Satellite Imagery. Photogrammetric Engineering and Remote Sensing, 59, 407-413,

Wohl, G., 1992: Operational Demonstration of ERS-1 SAR Imagery at the Joint Ice Center. Proceeding of the MTS 92
- Global Ocean Partnership, Washington, DC, Oct. 19-21, 1992.




No.

No.

No.

No.

.61,

. 62,

63.

. 65.

. 66.

. 67.

. 68.

. 69.

70.

71.

. 721

=73

. 74.

.75,

. 76.

.77,

. 78.

79.

OPC CONTRIBUTIONS (Cont.)

Waters, M. P., Caruso, W. H. Gemmill, W. S. Richardson, and W. G. Pichel, 1992: An Interactive Information and
Processing System for the Real-Time Quality Control of Marine Meteorological Oceanographic Data. Pre-print 9th

International Conference on Interactive Information and Processing System for Meteorology. Oceanography and

Hydrology, Anaheim, CA, Jan. 17-22, 1993,

Breaker, L. C., and V. Krasnopolsky, 1994: The Problem of AVHRR Image Navigation Revisited. Int. Journal of

* Remote Sensing, 15, 979-1008.

Crosby, D. S,, L. C. Breaker, and W. H. Gemmill, 1993: A Proposed Definition for Vector Correlation in Geophysics:
Theory and Application. Journal of Atmospheric and Ocean Technology, 10, 355-367.

Grumbine, R., 1993: The Thermodynamic Predictability of Sea Ice. Journal of Glaciology, 40, 277-282, 1994,

Chen, H. 8., 1993: Global Wave Prediction Using the WAM Model and NMC Winds. 1993 International Conference
on Hydro Science and Engineering, Washington, DC, June 7 - 11, 1993. (submitted)

WAS NOT PUBLISHED

Breaker, L. C., and A. Bratkovich, 1993: Coastal-Ocean Processes and their Influence on the Oil Spilled off San
Francisco by the M/V Puerto Rican. Marine Environmental Research, 36, 153-184.

Breaker, L. C,, L. D. Burroughs, J. F. Culp, N. L. Gunasso, R. Teboulle, and C. R. Wong, 1993: Surface and Near-
Surface Marine Observations During Hurricane Andrew. Technical Note/NMC Office Note #398, 41pp.

Burroughs, L. D., and R. Nichols, 1993: The National Marine Verification Program - Concepts and Data Management,
Technical Note/NMC Office Note #393, 21pp.

Gemmill, W. H., and R. Teboulle, 1993: The Operational Use of SSM/I Wind Speed Data over Oceans. Pre-print 13th
Conference on Weather Analyses and Forecasting, AMS Vienna, VA., August 2-6, 1993, 237-238.

Yu, T.-W_, J. C. Derber, and R. N. Hoffman, 1993: Use of ERS-1 Scatterometer Backscattered Measurements in

Atmospheric Analyses. Pre-print 13th Conference on Weather Analyses and Forecasting, AMS, Vienna, VA., August
2-6, 1993, 294-297.

Chalikov, D. and Y. Liberman, 1993: Director Modeling of Nonlinear Waves Dynamics. J. Physical, (To be
submitted).

Woiceshyn, P., T. W. Yu, W. H. Gemmill, 1993: Use of ERS-1 Scatterometer Data to Derive Ocean Surface Winds at

NMC. Pre-print 13th Conference on Weather Analyses and Forecasting, AMS, Vienna, VA, August 2-6, 1993, 239-

240,

Grumbine, R. W., 1993: Sea Ice Prediction Physics. Technical Note/NMC Office Note #396, 44pp.

Chalikov, D., 1993: The Parameterization of the Wave Boundary Layer. Journal of Physical Oceanography, Vol. 25,
No. 6, Par 1, 1333-1349.

Tolman, H. L., 1993: Modeling Bottom Friction in Wind-Wave Models. Ocean Wave Measurement and Analysis,
O.T. Magoon and J.M. Hemsley Eds., ASCE, 769-783.

Breaker, L., and W. Broenkow, 1994: The Circulation of Monterey Bay and Related Processes. Oceanography and
Marine Biology: An Annual Review, 32, 1-64.

Chalikov, D., D. Esteva, M. Iredell and P. Long, 1993: Dynamic Coupling between the NMC Global Atmosphere and
Spectral Wave Models. Technical Note/NMC Office Note #395, 62pp.

Burroughs, L. D., 1993: National Marine Verification Program - Verification Statistics - Verification Statistics,
Technical Note/NMC Office Note #400, 49 pp.




No.

No.

No.

. 80.

81.

. 82.

. 83.

. 84,

L83,

. 86.

. 87.

. 88.

89.

. 90.

.91,

=92,

.93,

.94,

=95,

. 96.

07,

98.

OPC CONTRIBUTIONS (Cont.)

Shashy, A. R., H. G. McRandal, J. Kinnard, and W. S. Richardson, 1993: Marine Forecast Guidance from an
Interactive Processing System. 74th AMS Annual Meeting, January 23 - 28, 1994,

Chao, Y. Y., 1993: The Time Dependent Ray Method for Calculation of Wave Transformation on Water of Varying
Depth and Current. Wave 93 ASCE.

Tolman, H. L., 1994: Wind-Waves and Moveable-Bed Bottom Friction. Journal of Physical Oceanography, 24, 994-
1009.

Grumbine, R. W., 1993: Notes and Correspondence A Sea Ice Albedo Experiment with the NMC Meduim Range
Forecast Model. Weather and Forecasting, (submitted).

Chao, Y. Y., 1993: The Gulf of Alaska Regional Wave Model. Technical Procedure Bulletin, No. 427, 10 pp.

Chao, Y. Y., 1993: Implementation and Evaluation of the Gulf of Alaska Regional Wave Model. Technical Note, 35
PpP-

WAS NOT PUBLISHED.

Burroughs, L., 1994: Portfolio of Operational and Development Marine Meteorological and Oceanographic Products.
Technical Note/NCEP Office Note No. 412, 52 pp. [PB96-158548]

Tolman, H. L., and D. Chalikov, 1994: Development of a third-generation ocena wave model at NOAA-NMC. Proc.
Waves Physical and Numberial Modelling, M. Isaacson and M.C. Quick Eds., Vancover, 724-733.

Peters, C., W. H. Gemmill, V. M. Gerald, and P. Woiceshyn, 1994: Evaluation of Empirical Transfer Functions for

ERS-1 Scatterometer Data at NMC. 7th Conference on Satellite Meteorology and Oceanography. June 6-10. 1994,
Monterey. CA., pg. 550-552.

Breaker, L. C., and C. R. N. Rao, 1996: The Effects of Aerosols from the Mt. Pinatubo and Mt. Hudson Volcanio
Eruption on Satellite-Derived Sea Surface Temperatures. Journal of Geophysical Research. (To be submitted).

Yu, T-W., P. Woiceshyn, W. Gemmill, and C. Peters, 1994: Analysis & Forecast Experiments at NMC Using ERS-1
Scatterometer Wind Measurements. 7th Conference on Satellite Meteorology and Oceanography. June 6-10, 1994,

Monterey, CA., pg. 600-601.

Chen, H. S., 1994: Ocean Surface Waves. Technical Procedures Bulletin, No. 426, 17 pp.

Breaker, L. C., V. Krasnopolsky, D. B. Rao, and X.-H. Yan, 1994: The Feasibility of Estimating Ocean Surface
Currents on an Operational Basis using Satellite Feature Tracking Methods. Bulletin of the American Meteorolgical
Society, 75, 2085-2095.

Krasnopolsky V., L. C. Breaker, and W. H. Gemmill, 1994: Development of Single "All-Weather" Neural Network
Algorithms for Estimating Ocean Surface Winds from the Special Sensor Microwave Imager. Technical Note.

Breaker, L. C., D. S. Crosby and W. H. Gemmill, 1994: The application of a New Definition for Vector Correlation to
Problems in Oceanography and Meteorology. Journal of Applied Meteolorology, 33, 1354-1365.

Peters, C. A., V. M. Gerald, P. M. Woiceshyn, and W. H. Gemmill, 1994: Operational Processing of ERS-1
Scatterometer winds: A Documentation. Technical Note.

Gemmill, W. H., P. M. Woiceshyn, C. A. Peters, and V. M. Gerald, 1994: A Preliminary Evaluation Scatterometer
Wind Transfer Functions for ERS-1 Data. Technical Note.

Chen, H. S., 1994: Evaluation of a Global Ocean Wave Model at NMC. International Conference on Hydro-Science
and Engineering. Beijing, China, March 22 - 26, 1995,



OPC CONTRIBUTIONS (Cont.)

No. 99, Aikman, F. and D. B. Rao, 1994: NOAA Perspective on a Coastal Forecast System.

No. 100. Rao, D. B. and C. Peters, 1994: Two-Dimensional Co-Oscillations in a Rectangular Bay: Possible Application to
Water-Level Problems. Marine Geodesy, 18, 317-332.

No. 101. Breaker, L. C., L. D. Burroughs, Y. Y. Chao, J. F. Culp, N. L. Gunasso, R. Teboulle, and C. R. Wong, 1994: Surface
and Near-Surface Marine Observations During Hurricane Andrew. Weather and Forecasting, 9, 542-556.

No. 102. Tolman, H. L., 1995: Subgrid Modeling of Moveable-bed Bottom Friction in Wind Wave Models. Coastal
Engineering, Vol 26, pp 57-75.

No. 103. Breaker, L. C., D. B. Gilhousen, H. L. Tolman and L. D. Burroughs, 1995: Initial Results from Long-Term
Measurements of Atmospheric Humidity and Related Parameters the Marine Boundary Layer at Two Locations in the
Gulf of Mexico. (To be submitted to Global Atmosphere and Ocean Systems).

No. 104. Burroughs, L. D., and J. P. Dallavalle, 1995: Great Lakes Wind and Wave Guidance. Technical Procedures Bulletin
No., (In preparation).

No. 105. Burroughs, L. D., and JI. P. Dallavalle, 1995: Great Lakes Storm Surge Guidance. Technical Procedures Bulletin No.,
(In preparation).

No. 106. Shaffer, W. A., J. P. Dallavalle, and L. D. Burroughs, 1995: East Coast Extratropical Storm Surge and Beach Erosion
Guidance. Technical Procedures Bulletin No., (In preparation)

No. 107. WAS NOT PUBLISHED.

No. 108. WAS NOT PUBLISHED.

No. 109. WAS NOT PUBLISHED.

No. 110. Gemmill, W. H, and C. A. Peters, 1995: The Use of Satellite Dervired Wind Data in High-Resolution Regional Ocean
Surface Wind Fields. Conference on Coastal Oceanic and Atmospheric Prediction, Jan 28 - Feb 2, 1996, Atlanta, GA
(accepted at preprint press).

OPC CHANGES TO OMB

No. 111. Krasnopolsky, V. M, W. H. Gemmill, and L. C. Breaker, 1995: Improved SSM/I Wind Speed Retrievals at Higher
Wind Speeds. Journal of Geophysical Research, (in press).

No. 112. Chalikov, D., L. D. Breaker, and L. Lobocki, 1995: A Simple Model of Mixing in the Upper Ocean. Journal of
Physical Ocean, (in press).

No. 113. Tolman, H. L., 1995: On the Selection of Propagation Schemes for a Spectral Wind-Wave Model. NCEP Office Note
No. 411.

No. 114. Grumbine, R. W., 1995: Virtual Floe Ice Drift Forecast Model Intercomparison. NCEP Office Note. (To be
submitted).

No. 115, Grumbine, R. W., 1995: Sea Ice Forecast Model Intercomparison: Selecting a Base Model for NCEP Sea Ice
Modelling. Technical Note.

No. 116. Yu, T. W. and J. C. Derber, 1995: Assimilation Experiments with ERS-1 Winds: Part I - Use of Backscatter
Measurements in the NMC Spectral Statistical Analysis System. Technical Note.

No. 117. Yu, T. W, 1995: Assimilation Experiments with ERS1 Winds: Part II - Use of Vector Winds in NCEP Spectral
Statistical Analysis System. Technical Note.

No. 118. Grumbine, R. W., 1995: Sea Ice Drift Guidance. Technical Procedures Bulletin, (submitted)



No.

No.

No.

. 119,

. 120.

. 121.

. 122,

123,

. 124,

. 125.

. 126.

127,

. 128.

w129,

. 130.

131

. 132.

( 133

. 134,

135:

. 136.

137.

. 138,

. 139.

OMB CONTRIBUTIONS (Cont.)

Tolman, H. L., 1996: Effects of Observation Errors in Linear Regression and Bin-Average Analyses. Quarterly Journal
of the Royal Meteorological Society.

Grumbine, R. W., 1996: Automated Passive Microwave Sea Ice Concentration Analysis at NCEP. Technical Note.
Grumbine, R. W., 1996: Sea Ice Prediction Environment: Documentation. Technical Note.

Tolman, H. L and D. Chalikov, 1996: Source Terms in a Third-Generation Wind Wave Model. Journal of Physical
Oceanography. Vol 26, pp 2497-2518.

Gemmill, W. H., V. Krasnopolsky, L. C. Breaker, and C. Peters, 1996: Developments to Improve Satellite Derived
Ocean Surface Winds for use in Marine Analyses. Pre-print Numerical Weather Prediction Conference, Norfolk, VA,
Aug. 19-23, 1996.

Breaker, L. C,, D. B. Gilhousen, H. L. Tolman and L. D. Burroughs, 1996: Initial Results from Long-Term
Measurements of Atmospheric Humidity and Related Parameters in the Marine Boundary Layer at Two Locations in
the Gulf of Mexico. NCEP Office Note No. 414.

Yu, T. W., M. D. Iredell, and Y. Zhu, 1996: The Impact of ERS-1 Winds on NCEP Operational Numerical Weather
Analyses and Forecast. Pre-print Numerical Weather Predicition Conference, Norfolk, VA, August 19-23, 1996.

Burroughs, L. D., 1996: Marine Meteorological and Oceanographic Guidance Products from the National Centers for
Environmental Prediction. Mariners Weather Log, Vol. 40, No. 2, pp 1-4.

Lobocki, L., 1996: Coastal Ocean Forecasting System (COFS) System Description and User Guides. Technical Note.
WAS NOT PUBLISHED

Chailkov, D., 1996: A Global Ocean Model. Technical Note.

Yu, T.W., 1996: Applications of SSM/I Wind Speed Data to NCEP Regional Analyses. Technical Note.

Chailkov, D. and D. Sheinin, 1996: Direct Modeling of 1-D Nonlinear Potential Waves. Advances in Fluid Mechanics
Series: Nonlinear Ocean Waves (submitted).

Krasnopolsky, V. M., W. H. Gemmill, L. C. Breaker, and V. Y. Raizer, 1996: SSM/I Wind Speed Retrieval Algorithm
with Improved Performance at Higher Wind Speed. Remote Sensing of Environment (submitted).

Yu, T. W., 1996: The Effect of Drifting Buoy Data on NCEP Numerical Weather Forecast. Technical Note,

Krasnopolsky, V. M., 1996: A Neural Network Forward Model for Direct Assimilation of SSM/I Brightness
Temperatures into Atmospheric Models. CAS/JSC Working Group on Numerical Experimentation (in press).

Krasnopolsky, V. M., W. H. Gemmill, and L. C. Breaker, 1996: A New Neural Network Transfer for SSM/I Retrievals.
CAS/JISC Working Group on Numerical Experimentation (in press).

Krasnopolsky, V. M., 1996: NN Solutions for Forward & Inverse Problems in Satellite Remote Sensing. 1997

International Conference on Neural Networks (ICNN 97). (submitted).

Krasnopolsky, V. M., 1996: A New Neural Network Transfer Function for SSM/I Based on an Expanded Neural
Network Architecture. Technical Note.

Chailkov, D. C., L. C. Breaker, and L. Lobocki, 1996: Parameterization of Mixing in Upper Ocean. Technical Note.

Chailkov, D. C,, and D. Sheinin, 1996: Numerical Modeling of Surface Waves Based on Principal Equations of
Potential Wave Dynamics. Technical Note.



No.

No.

No.

No.

140.

. 141.

142.

. 143,

. 144,

. 145

146

147

OMB CONTRIBUTIONS (Cont.)

Krasnopolsky, V. M., 1997: A Neural Network-Based Forward Model for Direct Assimilation of SSM/I Brightness
Temperatures. Technical Note.

Peters, C. A., 1997: Effects of Scatterometer Winds on the NCEP Global Model Analyses and Forecasts: Two Case
Studies. Technical Note.

Kelley, J. G. W., F. Aikman, L. C. Breaker and G. L. Mellor, 1997: A Coastal Ocean Forecast System for the U.S. East
Coast. Sea Technology.

Tolman, H. L., L. C. Bender and W. L. Neu, 1997: Comments on “The Goddard Coastal Wave Model. Part I:
Numerical Method. Journal of Physical Oceanography.

Tolman, H. L., W. L. Neu and L. C. Bender, 1997: Comments on “The Goddard Coastal Wave Model. Part II:
Kinematics. Journal of Physical Oceanography.

Breaker, L. C., D. B. Gilhousen, H. L. Tolman, and L. D. Burroughs, 1997: Initial Results from Long-Term
Measurements Atmospheric Humidity and Related Parameters in the Marine Boundary Layer at Two Locations in the

Gulf of Mexico. Journal of Marine Systems. (submitted)

Peters, C. A., 1997: Effects of Scatterometer Winds on the NCEP Global Model Analyses and Forecasts: Two Case
Studies. Weather and Forecasting.

Gemmill, W. H. and C. A. Peters, 1997: High-Resolution Ocean Surface Wind Analyses Using Satellite Derived Ocean
Surface Winds: Analyses Validation using Synthetic Satellite Data. Technical Note.






