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Presenter
Presentation Notes
Paul Vukits I am one of the Lead Forecasters at the NWS’s Ocean Prediction Center.
What I would like to address during my presentation are two  main topics:
First of all, I will go over the OPC’s Role in the NCEP Surface Analysis Process and the techniques we use for surface analysis.
Secondly, I will detail the forecast model guidance and forecast techniques that the OPC forecasters use year long, but especially how they apply during Winter Time Explosive Cyclogenesis Scenarios
Along the way, I’ll show you non-conventional observational and forecast sources that you can use that will improve your own analyses and forecasts.
Also, at any time during my presentation if you have any questions please stop me.


The evolution — Shapiro Keyser Cyclone

From the modeling and observational studies, T.BONE MATURE (SECLUSION)

this is the oceanic cyclone evolution Shapiro and Keyser

proposed. Many of the cyclones studied were off the U.S.

East Coast across our OFF waters.

Hit the return key or down arrow to continue...
FRONTAL FRACTURE
The wave amplifies...the warm froot builds

across the developing low center...I think
we should continue to use occluded fromt

UFE" WAVE symbolosy for thi w of the center.

Similar to the Norwegians the
incipient cyclone is a baroclinic wave

As the ooclnded front encircles the low center § pockeyo
low level warm air becomes entrapped over theow (thifs the
seclusion). Convection may develop in this warm

The temp gradient along the cold front south
of the warm front becomes diffuse, thus the cold

front fractures in this rezion and is drawn asa
fracture.
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So let’s start with the OPC Surface Analysis Process.  When you think about it, surface analysis is almost becoming a lost art today.  When doing surface analysis, we at the OPC generally practice the Shapiro-Keyser theory, though with a dash of the Norwegian Cyclone theory.  In the Shapiro Keyser theory you start out with an Open Wave…



Satellite Neph Analysis
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We normally start our analyses by doing a neph analysis of the latest visible or IR imagery.  We don’t want to look at the forecast models first and then be biased by where they think the synoptic features are. 


LTHG 121029/1517
12102971517 GOES14-EAW VIS

GOES 14 Hurricane Sandy 29 Oct 2012
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Besides using normal GOES imagery, we also now have access to imagery from GOES-14, which was taken out of storage in August and is being run experimentally in a one-minute super rapid scan mode.  This is a visible loop of Hurricane Sandy from this past Monday morning as she was turning northwestward towards the New Jersey coast.


Smigelski — Mogil — Burt Technique for Estimating
Central Pressure of Extratropical Cyclones
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Besides doing neph analyses, we also  use satellite techniques such as the Smigelski-Mogil-Burt, or SMB Technique, to estimate the central pressure of extatropical cyclones.


The worksheet and graph can be photocopied and used for the
ife cycle of any storm (initial development through and
ncluding initial filling). Since all storms we have studied so
Far developed and reached maturity in 84 hours or less, the
amount of space allotted each storm should be sufficient.

Cloud Pattern Curvature and Its Relationship to
Central Pressure
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Cloud measurement in tenths of a ten degree log spiral (tick marks) and
Shading indicates middle and high clouds only.

Figure 7.
associated central pressures.
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The SMB technique correlates cloud pattern curvature in the form of a log spiral to estimate the central pressure of cyclones.


Pacific Zonal Example — 12 hour Interval

Baroclinic leaf with upstream  Cusp of comma begins to Tail of comma cusp becomes Comma tail begins to

Vorticity lobe — 1012 mb emerges as vorticity lobe better defined. push toward the back edge of
approaches. 8 mb deepening past 12 hrs.  the baroclinic band.
8 mb deepening past 12 hrs. 12 mb deepening past 12 hrs.

Comma tail continues to wrap Convection has broken out More convection. Triple point System continues to shear.
toward the baroclnic band.  near center. shears eastward. . 4 mb filling past 12 hrs.
continued intensification. 8 mb deepening past 12 hrs. 6 mb deepening past 12 hrs.

10 mb deepening past 12 hrs.
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Here is what the satellite signature often looks like for a developing surface low in zonal upper level flow and its associated central pressure by applying the SMB Technique. 


Pacific Meridional Example — 12 hour Interval

Trailing edge
(0]
Baroclininc band

Baroclinic leaf with upstream  Cusp of comma either Tail of comma cusp begins to Comma tail continues to
Vorticity lobe — 1012 mb emerges or forms as wrap up and push toward push toward the back edge of
vorticity lobe approaches.  back edge of baroclinic band. the baroclinic band.
10 mb deepening past 12 hrs. 14 mb deepening past 12 hrs. 14 mb deepening past 12 hrs.

Continued intensification. ~ Convection has broken out Convection has merged with System begins to shear.

12 mb deepening past 12 hrs. near center. comma tail. 4 mb filling past 12 hrs.
10 mb deepening past 12 hrs. 4 mb deepening past 12 hrs.
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Here is the SMB Technique applied for a stronger surface low developing in meridional upper level flow.
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Presentation Notes
So after reviewing the latest satellite imagery to estimate the location of the low pressure centers and their associated fronts, and applying techniques such as the SMB, the next step in our surface analysis process is to see how these estimated locations fit when the respective synoptic hour surface observations and the GFS Objective Analysis are overlaid.
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Now doing analyses over water is inherently difficult due to the lack of surface observations.  This is being complicated lately by NDBC not being able to maintain their buoys.  We are increasingly encountering numerous buoys that are either completely inoperable, such as these noted in this slide here, or they are reporting missing data or they are adrift.  
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So to help over data void areas, we often use ASCAT or OSCAT Scatterometer derived winds which aid in determining both the warning criteria (Gale, Storm, or Hurricane Force) and the areal coverage of warning criteria winds.  Here is a high resolution ASCAT pass of when Hurricane Sandy was off the Mid Atlantic coast this past Monday morning showing 70 KT max winds.  At this time NHC had max winds up to 90 KT for Sandy, which confirms what OPC has found that for higher wind speeds, both ASCAT and OSCAT winds run 10-15% too low.
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Presentation Notes
To determine surface wind speed and direction, the scatterometer uses both radar and reflector antennae onboard the satellite to measure the electromagnetic backscatter energy radiating from the ocean surface.  The backscatter energy radiating from a rough sea caused by strong winds will be higher than what’s emitted back from a smooth sea caused by light winds.  So that’s how the scatterometer differentiates between different surface wind speeds.  



University of Washington Planetary
Boundary Layer Model
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Besides aiding in determining wind speed and direction in data void areas, the OPC uses scatterometer data along with surface observations as input to locally run the University of Washington Planetary Boundary Layer Model.  This model outputs surface pressure fields that aid us in determining both the central pressures of low pressure centers and their associated pressure gradients.
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Presentation Notes
Now let’s get to some of the forecast tools that our analysts use to help with the surface analysis.  We have found that the short term 6-12HR individual ensemble member forecasts from the GEFS/GEM/ECMWF are exceptionally accurate in locating low pressure centers.
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We also use the GFS BL Moisture Convergence, Thetae, and 1000-850 MB Thickness forecast fields to aid in determining frontal structures.
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Now let’s look at a series of actual OPC Surface Analyses of a Pacific Winter SuperStorm from January 2011.


Kuroshio Current

Sea Surface Temperature (°C) MODAS Analysis 01 Mar 2006

257N -
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With this system expected to begin developing in the vicinity of the Kuroshio Current SE of Japan, the OPC analyst was very cognizant that the associated strong cold air advection forecast to develop across the Kuroshio could lead to explosive cyclogenesis.


0600 UTC Jan 16, 2011

J—
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The analyst was also cognizant that the system was located in an usually strong jet couplet ideal for explosive development.
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Water vapor imagery also showed the analyst that strong dry surge darkening was occurring, which is indicative of strong upper level divergence and hence strong low level convergence.


0000 UTC Jan 16, 2011
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So the following will be a series of GFS 925MB Theta Potential Temperature Gradient forecasts over corresponding IR imagery.  We OPC analysts find this guidance very useful, but at the same time we bear in mind that it is still only model guidance, which can often conflict with reality.   The biggest drawback is that we often find this guidance overly busy.  But, for this system you can see that the GFS Theta gradient starts with a t-bone structure. 


1200 UTC Jan 16, 2011
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Then we have the rapid intensification stage 
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Followed by development of a classic occluded structure


1200 UTCJan 17, 2011
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Which eventually reaches the mature, secluded structure. 
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Now here are the actual corresponding OPC Analyses which started with a psuedo T-bone structure, but what is also  remarkable about this analysis is that for our 24HR forecast track that we add, we are anticipating a 24HR pressure fall of 46 MB!  So it’s definitely expected to bomb out.
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12 hours later the system continues to explosively deepen.
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Then 12 hours later we find that the central pressure of the system has actually bombed out by a total of 47 MB in 24HRS and has attained hurricane force status.
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Then 12 hours later the system reaches it classic, secluded structure.


1200 UTCJan 17, 2011
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Which is nearly identical to the GFS Theta gradient forecast structure.  This classic winter bomb had 75-80 KT maximum hurricane force winds with 42-50 FT maximum associated significant waves.   So by using conventional and non-conventional data and forecast sources the OPC produces these analyses for both the N Pacific and N Atlantic ocean basins every 6 hours.


Unified Surface Analysis
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General Information

Contact Us
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Top News — Last updated August 30, 2011

Organization

= Buoy 41002 will be relocated on or about November 1, 2011
» Feedback requested on proposed NDBC buoy 44018 relocation
» The 2010 OPC Accomplishments report is now available (pdf)

MNOAA=MNWS=NCEP= OFC=Unified Analysis

Unified Analysis

Atlantic Marine

Pacific Marine

Ocean Products
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Which are broadcast live by the USCG to ships at sea and posted on our OPC website.  The OPC also produces a corresponding 6 hourly Unified Surface Analysis whose domain is shown here.


Unified Analysis AORs
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These Unified Analyses are a corroborative effort of the OPC and HPC at NCEP, TAFB at NHC, and the NWS HFO office.  The OPC area of responsibility is mainly the northern portions of the N Atlantic and N Pacific.

So that’s pretty much the OPC analysis process.  


The OPC Forecast Process

Man Machine Mix
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Now lets switch gears and examine some unique Winter Season forecast problems that the OPC encounters.


35 KM GFS Surface Pressure/30M Winds
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Per OPC and HPC research, the two forecast models that perform the best over the ocean are the GFS
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And the Hi-Res ECMWF.


NOGAPS/GEM/UKMET Comparison
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But, when appropriate,  the OPC forecasters will certainly use other models such as the NOGAPS, Canadian Global GEM, and UKMET.
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More often than not though, the best forecast solution is a model blend.  Fortunately, the OPC forecasters have access to a model blender program to do just that.
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Also, the OPC applications branch is continuously developing in-house seasonal forecast tools to aid our forecasters. For example, in winter when strong polar or arctic cold fronts sweep offshore, we often use the GFS static stability forecast fields, which identify areas where strong low level mixing may or may not occur.  Here we have a strong cold front moving offshore and in the areas of positive static stability and WAA ahead of the front the GFS 10m winds are displayed and in the areas of negative static stability and CAA behind the front the stronger GFS 30m winds are displayed.   


Multigrid WaveWatch llI ECWMF WAM

VT 1800 UTC 25 Oct 2011 VT 1800 UTC 25 Oct 2011
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For the significant wave height forecasts in our products, the OPC forecasters predominantly use the GFS driven WaveWatch III or the ECMWF WAM wave models.  Overall, on a day-to-day basis the WaveWatch III out forecasts the ECMWF WAM.  But, more often than not the ECMWF WAM does a better job forecasting extreme wave height events, which likely is more a reflection of the performance of the ECMWF global model versus the GFS.
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Also, instead a single wave model, the best wave height forecast solution is sometimes a wave height ensemble forecast.  This is an example of the Wavewatch III ensemble mean forecast, which is derived from 20 individual members.


Global Ensemble Forecast System
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Continuing the theme of ensemble forecasting, the OPC forecasters have found the GEFS, NAEFS, and ECMWF Ensemble Forecasts to be critical forecast tools.  
This slide shows the 15 individual members of the GEFS ensemble system.


GEFS Valid 1800 UTC 01 October 2012
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It may seem intuitive, but often just by examining the individual ensemble members, you can drawn solid conclusions about its associated operational model.  In this example you can see that all of the GEFS individual members are south of the operational GFS forecast position, which indicates that the GFS’s forecast position is likely too far north.  Therefore this may lead you to choose a model that tracks the low further south.  This is exactly the same type of forecast scenario that played out earlier this week with Hurricane Sandy, where the GEFS members were indicating that the operational GFS track was too far east, which led to our forecasters and the NHC specialists to favor the more westward track of the ECMWF instead, which eventually verified. 
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Besides aiding in determining forecast tracks, if there is nearly a complete lack of any GEFS ensemble members near the operational GFS forecast low, this often  indicates that the low may not even develop.  And indeed in this case the low never did.
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Besides looking at the individual ensemble members, you can draw further conclusions by examining their associated  ensemble mean forecasts.  For example, when the ensemble mean forecast central pressure for a low is equal to, or lower, than forecast by its associated operational model...
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that often indicates that the operational model forecast low is likely too weak.  
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Here is an example of a late Winter system where ensemble forecasting proved its merit.  The GFS was forecasting a strong surface low to develop off the Mid Atlantic coast with  Storm force associated BL winds.
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But, at the same valid time, the ECMWF forecasted no low at all, with instead a high pressure ridge building offshore with light winds.
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At the same time the corresponding GEFS was showing a large disparity between its individual members both  in location and strength, with possible solutions of anywhere from a 1010 MB Low over Alabama to a 991 MB Low southeast of Nova Scotia.
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This large model disparity was also reflected in the corresponding GEFS ensemble spread, which showed a 6-10 MB spread over this area.  When the spread reaches this level, it’s often indicative that its operational model solution is highly suspect.  So based on this the OPC forecasters chose to favor the ECMWF solution. 
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Which you can then see did indeed verify. 
So by effectively utilizing ensemble guidance, the OPC can produce more accurate forecasts especially in the long range.   To transoceanic shipping this is critical because due to their relatively slow speed, Ship Captains must commit to a route at the beginning of their 1-2 week transits.  They simply can’t risk getting trapped on a route that is too far N.  But, the further N they can travel the shorter their route will be which in turn allows for faster transits using less fuel.  Ship captains are under enormous pressure from their companies to get to their destinations as quickly as possible with no loss of cargo.  $50/route example.


Optimum Interpolation SST
Gulf Stream



Presenter
Presentation Notes
Now switching gears slightly, let’s discuss one of the biggest challenges for the forecast models in the Atlantic during the winter, which is the atmospheric and oceanic interaction with the Gulf Stream.  This is an Optimum Interpolation SST Analysis that the OPC uses, which is derived from polar orbital satellite and in situ ship/buoy data. 
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Here you have a strong warm air advection scenario off the east coast in Winter that causes several problems for the forecast models.  What’s displayed here are the scatterometer winds overlaid upon SSTs. You can see that in the gulf stream Sly winds are up to 35-45 KT.  But, N of the stream, due to strong inversions inhibiting low level mixing, winds are only in the 15-25 KT range.  The forecast models have a predominant bias to over forecast the low level winds N of the Gulf Stream, which as a result causes their associated wave models (Wavewatch III  and ECMWF WAM) to over forecast their seas N of the stream.
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Similar to the Kuroshio Current off Japan, the Gulf Stream off the SE U.S. coast also provides a spawning ground for explosive cyclogenesis during the Winter Season.  Here is just such an example from last February where we forecasted a 24HR pressure fall of 46 MB. 



Atlantic Surface Cyclone Intensification Index (ASCII)

Intenze area of low pressure as it exts the ASCIT study domain on JTanuary 25, 2000, Thirty-six
hours priot to the storm's effects on the Carolinas, the ASCI "bomb" mdex mdicated that a stortn
in the domain was hkely to "bomb "
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This system also met the criteria of the ASCII Bomb Index for the possibility of explosive cyclogenesis, which is another forecast tool that the OPC forecasters use.
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12HRS later the system did indeed rapidly intensify…
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Falling a remarkable 49 MB in 24HRS.
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And then continued to intensify further…
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Before bottoming out as a 932 MB Hurricane Force Storm with max winds up to 70-75 KT. Since ships obviously try to avoid storms this strong, Jason Altimeters, which use satellite based radar altimeters to measure wave heights with an accuracy of less than 2 inches, frequently provide us the only viable wave height ground truth.   So at this same valid time we received a Jason altimeter pass that bisected the surface low center and… 


N - -

1250
SIG WAVE HEIGHT (FT)


Presenter
Presentation Notes
Over the storm’s SW quadrant it showed a maximum associated significant wave height of 51 FT, which was forecasted better by the ECMWF WAM versus the WaveWatch III.  This just confirms what I stated earlier that the ECMWF WAM overall does a better job forecasting extreme wave height events than the WaveWatch III does.
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Then two days later another Hurricane Force Storm followed a similar track…
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and likely due to left over swell from the previous Hurricane Force Storm, a Jason Altimeter pass across the system measured a maximum significant wave height of 66 FT, which was the highest wave height ever measured by an altimeter. 


A Final Thought...
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Now just a final thought.  If you issue marine warnings, you can not treat them the same way as land-based severe thunderstorm or tornado warnings where you wait until  the threat is occurring or immediately imminent before issuing.  Since your marine users can not quickly go to a basement or storm shelter for safety, you have to issue marine warnings with as much lead time as possible.



Conclusions

Surface Analysis
- Unique forecast model sources
- BL Moisture Convergence, Theta, Thetae, etc...
- Ensemble members
- Non-standard observational sources
- GOES-14 Super Rapid Scan Imagery
- ASCAT/OSCAT Scatterometer Winds
- University of Washington PBL Model
- Jason Altimeter Wave Heights

Forecasting
- Model biases in Winter
- Explosive cyclogenesis scenarios

- Strong CAA over Kuroshio and Gulf Stream Currents
- Non-standard model guidance

- Model Blender

- Ensemble guidance

- In-House Model Displays

- Static Stability
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So let's wrap things up.  To improve your surface analysis techniques, you need to be willing to use unique forecast model guidance such as Theta and Thetae fields along with non-conventional observational data sources such as GOES-14 Super Rapid Scan Imagery, Scatterometer winds, and Jason Altimeter passes. 
To help with your Winter-time forecasting, you have to be aware of the model biases such as in strong WAA scenarios off the E coast.  You have to be able to indentify potential explosive cyclogenesis scenarios, especially when strong CAA is expected in the vicinity of the Kuroshio and Gulf Stream Currents.   So when actually preparing your forecasts, instead of relying on just one model solution, by examing in-house forecast parameter displays such as static stability and the ensemble model guidance, you may often find that the best solution is a blend of the different models.
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