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1.0 Introduction

Marine fisheries have experienced dramatic growth in the 20th century, expanding into nearly all reaches of the world's oceans, with an industrial fleet of 37,000 ships crewed by about a million people worldwide.  Small boat traditional fishermen number about 12 million. (Parfit, 1995).  As greater demands are placed on living marine resources, the rate of increase in total catch has slowed significantly.  The wealth of the oceans, once deemed inexhaustible, has proven finite, and fish have become a resource coveted and fought over by nations.

Safety at sea is another key concern.  In the six years from 1991 through 1996, 146 people died while working in Alaska's commercial fishing industry, according to a report by the National Institute for Occupational Safety and Health.  That amounts to one-third of all those who died on the job in Alaska during that same period.  Not only does the industry sustain a death rate 20 times higher than the national average, but the risks of commercial fishing translate into a cost of $7.5 million a year in U.S. Coast Guard search and rescue missions.

Over the past fifteen years the groundfish industry in the Bearing Sea and Aleutian Island (BASI) has grown to exceed 1 billion dollars per year.  Commercial fishermen use trawls, longlines, and pots to catch fish such as pollock, cod, halibut, atka mack, arrowtooth flounder, sablefish, rock sole, and crustaceans such as opilio tanner crab, king crab, and bairdi crab.  Recently this fishery has come under extreme scrutiny for bycatch.  Bycatch is the amount of non-target fish species that are caught and thrown back into the sea because they are too small, they are prohibited, or they have little or no market value.  Recent estimates on bycatch in the BSAI groundfishery are as high as 63%.  The economic value lost each year from this bycatch is conservatively estimated at $100 million.  The environmental damage is potentially worse.  

We have used Alaska to demonstrate the scale of the problem, but each of these is a worldwide issue.  This puts tremendous pressure on the commercial fishing fleet to increase safety, reduce bycatch, and still make a profit in a world of limited resources and increased regulations and restrictions.  Like the oil industry before it, the commercial fishing industry must become more efficient in order to profit from an increasingly limited resource. That means:

1. Increasing catch per unit effort

2. Reducing bycatch

3. Reducing risk

Scientific Fisheries, Inc. is dedicated to providing the best possible historic data, near real time ocean environment conditions, and data analysis tools in a fully integrated package to the cabin of our fishing fleet and it’s management agencies.  This enables the fishing captain to find locations favorable to his target species allowing him increase his catch per unit effort and reduce his bycatch. Note that increasing the catch per unit effort not only increases the profitability of the voyage, but decreases the time spent at sea.  Both of these factors increase the safety of individuals in one of the most dangerous occupations on earth.  It has been shown that fishing large accumulations of target species reduces bycatch and waste (Mikol 1997).

2.0 What do Fishermen need?

Variations in marine environmental conditions affect the distribution, abundance and availability of marine fish populations.  Likewise, variations in ocean conditions influence the vulnerability and catchability of fish stocks.  In order to

1. understand, model, and predict the effects of ocean conditions on marine fish populations,

2. efficiently harvest marine fish stocks, and 

3. ultimately, to effectively and rationally manage many marine fisheries,

 information is required on the "changing ocean," rather than the "average ocean".

While neither the behavior of the ocean nor the behavior of fish is completely understood there are several factors that are commonly recognized as having an impact on fishing success.  A typical list would include:

1. Bathymetry

2. Physical Structure

· Sea Floor or Shoreline

· Floating Objects

· Wrecks

· Ice

3. Historical Catch data

4. Sea Temperature

5. Food Source

6. Oceanic Fronts (Structure)

· Currents

· Temperature

· Salinity

· Turbidity

7. Turbidity

8. Salinity

9. Sea State

10. Tides

11. Mixed Layer Depth

12. Weather

· Precipitation

· Winds

· Atmospheric Temperature

13. Direct Fish Indicators

· Birds

· Feeding Slicks

· Boiling

· Breezing

14. Current Ship Location 

15. Display and analysis hardware/software to manage the data

Depending on the area and the species being targeted the relative importance of the individual factors to the fisherman will change.  For example the pacific cod tolerates a temperature range of relatively few degrees, while the sardine can be found in a much wider range of temperatures.

If we are to use this data, any system used to deliver it to the fishing fleet must be:

1. Rugged

2. Portable (fit on the bridge of a fishing vessel)

3. Timely (the data is of most value within hours of acquisition and rapidly decreases in value over the next couple of days)

4. Easy to use and update

5. Fully Integrated 

6. Increase the probability of finding fish

Let’s take each of these in turn.  The system must be rugged and portable.  This is pretty much self evident, to be of use the system must be on the bridge of the fishing vessel giving real time guidance and tied in to the navigation system.  In the Bering seas waves can easily reach 40 ft and the system must be able to take that kind of pounding.

Timely:  as we stated above, fishermen have worked with regional data for millennia.  The non-changing data such as bathymetry and coastal features are excellent indicators, and may even be necessary in some case, but they are not sufficient to guarantee fish.  It is the changing ocean that we need to quantify.  Satellite images show that SST can change dramatically within 6 hours, Plankton blooms can cause increases in primary productivity from less than 1 mg/m3 to 40 mg/m3 within 48 hours.

Easy to use and update: the system must be user friendly on the deck of a heaving ship trying to find a better location to fish in the storm.  Also the average fishing captain is not a computer expert, and has little desire to become one.  Therefore the software must be robust (always error gracefully), be very user friendly, give the most frequently used displays with the push of a single button, and be able to acquire current oceanographic and meteorological conditions and incorporate them into the analysis/display with a single command.

Fully integrated: the system needs to present all available data, bathymetry, historic catch, current position, SST, ocean color, productivity, weather, etc. in a single comprehensive analysis package or it will not be used.

Increase the probability of finding fish:  Obviously there must be a cost benefit to the fisherman or nobody will want the system.  There have been several studies showing correlations between one or more of the factors listed in the introduction and the biomass of various commercial fish species ( Arnone, et al 1992, Ladner et al 1996, Mikol, 1997).  One of the key products that fishermen need is a database showing  which factors influence which species under what conditions (such as phase of the moon, time of year, spawning cycle, etc.).

3.0 How Can Remote Sensing Help

Due to the large areal extent and remote nature of the ocean, satellite remote sensing is necessary for measuring and monitoring the "changing ocean."  It offers the combined benefits of large-scale synopticity, high spatial resolution, and frequent repeatability of coverage.  The primary disadvantages are that satellite measurements are mostly limited to the very near-surface film of the ocean and visual and infrared measurements are restricted to cloud-free areas.  Let us revisit our list of desired ocean attributes and see where remotely sensed data could help us.

1. Bathymetry

· Satellite data to 40 m depth only

· Several non-satellite data sources are available

2. Physical Structure

· Ice

· From visual and thermal bands of satellites

· From radar satellites

· Floating Objects

· From visual and thermal bands of satellites

· From radar satellites

· Sea Floor or Shoreline

· From bathymetry data

· Wrecks

· No satellite assistance

· Historical “Snag” data is available

3. Historic Catch Data

· No help from satellites

· Public domain historical data is available

· Each skipper has his proprietary “log book”

4. Sea Temperature

· Sea Surface Temperature

· Buoy Data, Water Temperature at 40m

5. Food Source

· Primary Productivity from Ocean Color

6. Oceanic Fronts (Structure)

· Currents

· Calculated from Altimetry data

· Calculated from Sea Surface Temperature data

· Calculated from ocean color data

· Drifter Buoy Data

· Indicated by Synthetic Aperture Radar Data

· Temperature

· From Sea Surface Temperature Data

· Salinity

· Qualitative indications from Terrestrial outflow and ice melts – ocean color and sea surface temperature

· Turbidity

· Directly visible in Ocean Color data

· Frequently indicated in Sea Surface Temperature Data

7. Turbidity

· Calculated from Ocean Color

8. Salinity

· Qualitative indications from Terrestrial outflow and ice melts – ocean color and sea surface temperature

9. Sea State

· Calculated from active microwave sources

Synthetic Aperture Radar

Altimeters

Scatterometers

Over the Horizon HF Radar

· Measured by Buoys

10. Tides

· From Global Model derived from Altimetry Data

11. Mixed Layer Depth

· Must be modeled based upon satellite, buoy, and ship data

12. Weather

· Precipitation

· From National Weather Service satellites & forecasts

· Winds

· From National Weather Service satellites & forecasts 

· Atmospheric Temperature

· From National Weather Service satellites & forecasts 

13. Direct Fish Indicators

· Birds

· No satellite assistance

· Feeding Slicks

· Possibly visible using the optical bands

· Probably visible using radar satellite data

· Boiling

· Possibly visible using the optical bands

· Probably visible using radar satellite data

· Breezing

· Possibly visible using the optical bands

· Probably visible using radar satellite data

14. Current Ship Location 

· From GPS data

15. Display and analysis hardware/software to manage the data

· Not satellite data, but absolutely necessary

· GIS

· Fish analysis/probability package based on Neural nets & Fuzzy logic

Please note that at this point while the use of over the horizon HF radar to measure wave height and motion (by doppler effect), is very successful, the military over the horizon radar systems on the east and west coast have been mothballed due to the end of the cold war.  The gulf coast systems are still being used for smuggling interdiction (both ship and aircraft).  The proof of concept was performed with archived datasets.  Until real-time data is available, this is not a viable product.

SciFish has a commercial fishing GIS product Fish Trek 98 which is designed to provide captains with a variety of essential information such as bathymetry, snags, water temperature, historic catch figures, and bycatch.  In addition, vessel captains can log their catch, tide, current, marks, snags, temperature, sea conditions, weather, and lunar conditions in a personalized electronic log book that is fully integrated with all other available data sources.  The product is designed to run on a laptop pc integrated with a GPS for real-time analysis and positioning.  This product is currently in use by commercial fishermen, and has received several favorable press reviews.  In subsequent releases SciFish intends to include all of the tools listed above.

Let us reorganize the above list of factors that influence fishing success to focus on the tools that are available to help.  We will break the list into products that are currently available in Fish Trek 98, Mission to Planet Earth derived products, weather and tidal products, on board data products, radar satellite derived products (which might also come from high resolution (better than 100m) optical satellites), and finally analysis products.

3.1 Existing Products in Fish Trek 98

1. Bathymetry

2. Snags

3. Historical Fish Catch

4. Electronic Log Book

5. Ships Position

3.2 Mission to Planet Earth Derived Products

6. Sea Surface Temperature

7. Sea Surface Temperature Gradient

8. Ocean Color (Pigment) (EOS-AM/MODIS, ADEOS2/GLI, ENVISAT/MERIS)

9. Primary Productivity (EOS-AM/MODIS, ADEOS2/GLI, ENVISAT/MERIS)

10. Ocean Color Gradient

11. Turbidity (AVHRR - EOS-AM/MODIS, ADEOS2/GLI, ENVISAT/MERIS)

12. Wave Height and Direction (WAM – TOPEX)

13. Altimetry

14. Currents (CCAR – TOPEX & ERS-2)

15. Sea Ice

16. Drifter Buoys

3.3 Weather and Tidal Products

17. Buoys

18. Global Tides

19. Mixed Layer Depth

20. Weather (NWS)

3.4 On board data products

21. Temperature profile with depth

22. Salinity profile with depth

23. Broad band sonar size/species identifier

3.5 Radar Satellite derived products

24. Synthetic Aperture Radar Satellite Images

3.6 Analysis Products

25. Fish Probability Analysis (on board software?)

These are the tools we have.  In the next section we will discuss each tool individually, it’s strengths, it’s availability, and any related issues.

4.0 What will it do?

4.01 Bathymetry

Ever since there have been fishermen the structure of the ocean floor, and by extension it’s shoreline, have been used to increase the probability of finding fish.

SciFish has gone to great lengths to get the best bathymetry possible for Fish Trek 98.  This product has been in our GIS system since it’s inception and has been well received by our users and reviewers.

4.02 Snags

Fishing snags is a well known, if somewhat expensive, way to increase the probability of finding fish.  Fish are attracted to structures of any kind, including wrecks, and other features that snag fishing gear.  The list of snags in the public domain has always been a part of our GIS product.

Does the Coast Guard keep a list of wrecks?  Does the Navy have a list of navigational hazards for submarines?
4.03 Historical Fish Catch

The historical catch database indicates not only that fish have been caught, but also the size, species, number and bycatch in any given area.  Since this data is organized by year, if a skipper knows that conditions in a given year were much like current conditions then he can query that year and find where the target species were then.  This is a likely place to find fish now.  Again this and the bathymetry data are the cornerstones of Fisherman’s Associate, the original version of our software product.

4.04 Electronic Log Book

The electronic log book records the species, size, amount of fish, amount of bycatch, location, sea conditions, and lunar stage for each of the skipper’s hauls.  This gives the skipper a quick, computer searchable, mappable reference that is fully integrated into the GIS software on the computer in his cabin.  The ability to quickly query this dataset, instead of having to flip through paper records for some half-remembered event is invaluable.

4.05 Ships Position

The coupling of the GPS output to a fully integrated real-time GIS system is a must for the modern fishing skipper.  The ability to see where you are in relation to the various fish factors and to adjust your position accordingly is a great asset.  Since the beginning of time fishermen have had various indicators that they were in the vicinity of fish (vicinity indicators), however there was nothing to do to locate the main school but drop gear over the side and see what you caught.  Today’s skipper needs the ability to quickly evaluate his current position relative to the fish indicators and move directly to the middle of the targeted species.  This involves two key factors:  First, the skipper must know where he is.  Second, he must know how the fish indicators change from his location.  SciFish’s Fish Trek 98 provides both pieces of information quickly and efficiently.

4.06 Sea Surface Temperature

Sea Surface Temperature (SST) is an oceanographic property that is governed by:

· currents transporting warm or cold water

· solar heating (adsorption of solar energy - warming)

· evaporation (cooling)

· mixing with deeper waters (normally colder but could be warmer)

· black body radiation (cooling)

· atmospheric temperature (thermal transfer - warming or cooling)

· weather (cloud cover, winds, etc) which can affect the rate of thermal gain and/or loss for all of the previous items.

The satellites only measure the temperature of the very top layer of the ocean.  During the summer, there can be a large gradient with depth depending on the sea state and it’s associated mixing.  During the winter, the shallow depth gradient, particularly in the northern latitudes, tends to be small.  Much of this effect is due to solar and atmospheric heating of the ocean surface.

Sea surface temperature is calculated by measuring the energy received at the satellite in the thermal infrared bands.  This energy is corrected for sensor and atmospheric effects to recover the energy radiated by the ocean in the thermal infrared bands.  Planck’s law for blackbody radiators then yields the associated temperature.

The energy radiated by a body depends upon the temperature of that body.  If we approximate the ocean with a blackbody (no bias in the wavelength of the radiation) then Planck’s law yields the radiation as a function of ( (wavelength) for a blackbody to be
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where

c = 299,800 m/s   


speed of light

h = 6.626 x 10-34 joule sec
 
Planck’s constant

k = 1.3807 x 10-23 joule (K

Boltzmann’s constant

( = wavelength of light in m

T = temperature in (K.

From this, we can derive Wien’s displacement law for the wavelength of the peak of the radiated energy distribution
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Using Wien’s Law, we can construct the following table of peak emission wavelengths versus temperature for the typical ocean temperature range we might encounter. 

(F
(K
(max ((m)

32
273
10.62

50
283
10.24

90
305
9.50

This is why the region of the electromagnetic spectrum around 10 microns is called the thermal infrared zone.  

[image: image3.wmf]To measure the temperature we need to consider the emission spectra as a function of wavelength and temperature.  This is shown from Plank’s law in the figure below.  The appropriate wavelengths for the US AVHRR sensor (in NOAA-12 & NOAA-14 satellites) are shown for reference. 
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Note: recently the Japanese space agency has used the 10.7 GHz (2.8 cm, 28,000 (m) TRMM TRI data to calculate SST and finds a (1 (C agreement with ship and AVHRR data (NASDA, 1998) at temperatures above 50 (F.  Let us look at the energy and the ratio of the energy at the temperature and wavelength to the energy at 32 (F and the same wavelength for the wavelengths investigated by these sensors. 


Radiated Energy Density W/m3
Ratio E(/E32


3.7(m
10.8(m
2.8cm
3.7(m
10.8(m
2.8cm

32 (F
3.52E+05
1.95E+07
1.154E-05
1
1
1

50 (F
5.82E+05
2.32E+07
1.196E-05
1.65
1.19
1.04

90 (F
1.58E+06
3.30E+07
1.290E-05
4.28
1.69
1.12

From here, we can see have a much greater sensitivity to temperature at 3.7 microns than we do at 2.8cm.  However, clouds will pass the 2.8 cm wavelengths but not the shorter ones. 

We want a plot of both atmospheric and cloud adsorption vs here.
In addition to the direct measurement of Sea Surface Temperature from satellite data, it is possible to model the ocean response based upon available data.  This modeling can be numerical or by hand, and is discussed further under sources.

4.06.1 Fisheries Uses:

1. Bulk Temperature: Fishermen and researchers have known for years that fish are temperature sensitive.  Nearly every commercially important marine species has an optimum temperature range in which it is found.  Many fish, Pacific Cod for instance, tolerate a temperature range of relatively few degrees.  Others, such as the sardine, can be found in a wide range of temperatures. (West Coast of North America Coastal and Ocean Zones Strategic Assessment: Data Atlas)

The SST is correlated to the bulk temperature through the mixed layer.  The mixed layer is defined as the depth above which there is less than a 0.5 (C difference in temperature from the surface.  The tethered and drifter buoys measure the water temperature at about 40 m.  In addition, the fishing fleet frequently has thermistors attached to their fishing gear to measure temperature at depth.  All this data contributes to establishing a real time correlation between SST and temperature at depth.

2. Currents:  Sea Surface Temperature can be used to calculate currents in two ways:  The first is to measure the movement of SST features over time.  The second is to calculate the current from the temporal and spatial derivatives of the SST (O’Donnel & Robe 1995).  However, it is very difficult to get the necessary temporal sampling due to cloud cover.  The currents are better calculated from the Altimetry data.  See section 4.14 for details on that technique.

3. Eddies and Upwellings: Both are frequently visible in the SST image due to their thermal signature.  Eddies and upwellings are mechanisms for bringing nutrient rich waters up from deeper layers and thus increasing  primary productivity.  Please note that you need to maintain the appropriate level of spatial resolution in the SST product to see these features.

4. Ocean Fronts: Like weather fronts, ocean fronts normally involve a change in temperature and this is reflected in the SST values. 

Just as many fish species are attracted to zones with a strong, physical “edge effect” -- such as a narrow pass, point of land, under a sea cliff, a pinnacle, or a strong tide or current – fish are also attracted to an edge effect provided by sharp changes in temperature.

Fish often congregate where water masses of very different temperatures come together, also known as a thermal front.  Until recently, this information was rarely used as a tactical method by fishermen to increase catch.  Now this method of fishing is at the leading edge of all sectors of the industry, especially in Japan and Norway.  In addition, evidence indicates that once an area of high target species production has been identified, non-target “bycatch” falls off (Mikol 1997).  Further work by Arnone et al (1996) has shown that SST is frequently a contributing factor in correlations with biomass for selected species.

4.06.2 Issues

1. The correlation of SST and Bulk Temperature of the ocean is not constant.  It depends heavily on the local sea state, eddies, upwellings, and the season of the year.  In an area of large wave action, the SST is constant over a deeper section that it will for calm turbid waters, where solar heating can result in a substantial vertical gradient near the surface.

2. Clouds:  Sea Surface Temperature is calculated from the thermal infrared bands (about 10 (m) – in the presence of clouds or fog you get the temperature of the cloud tops.  For high clouds this is significantly different and should be easily blocked.  For low lying fog the temperature is very close to the SST, this can be difficult to remove.  Removal is still important because the fog can mask SST features, or indicate features that do not exist.  Information from other bands or other sensors on board are used to identify fog banks.

Usually at least one week of data is needed to reject most of the cloud cover from the NOAA/AVHRR images (cho).  A possible work around this problem is to OTIS model data from the Navy FNMOC (see 4.06.3 1), however this is a highly smoothed product.   Another possible solution is the hand contoured SST data from the NWS, unfortunately this data is only available for Alaskan waters.

This can be addressed by using data from the microwave band, such as data from TRMM TMI or DMSP SSM/I sensors, or the data can be modeled using available supporting data and frontal movements.

3. We may be able to get SST data from the TRMM TMI 2.8 cm microwave band.  This is a pass band for clouds.  I don’t know what the atmospheric correction would be in this band.  The TRMM data is limited to 35 S to 35 N .  As the above blackbody radiation table shows, the SST temperature discrimination rises with temperature.  NASDA states that the SST derived from 2.8 cm data at10 (C and up is within 1( C, but very poor around 0 (C.  Ref: http://www.eorc.nasda.go.jp/TRMM_Info/WhatsNew/outline.html
The brightness temperature of the ocean surface at microwave frequencies is observed to increase with ocean-surface roughness (Voronovich http://www1.etl.noaa.gov/radiom/mradiom.htm).  This correction needs to be applied to the TRMM TMI data to extract SST.

The department of defense SSM/I data can be used in the same fashion, but due to the military nature of the mission, access to the data is not as straight forward.

4. The raw data needs to be corrected for atmospheric adsorption – the SST is calculated from Planck’s Black Body radiation formula for multiple channels (typically ch 4 and 5 for AVHRR) and a non-linear correction is applied.  The SST data listed in 4.06.3 has all been corrected – this is only an issue if we try to use the AVHRR data directly.

5. Ladner et al (1996), found correlations between SST and Tuna biomass offshore California in August and September of 1983, but not for the other months of that year.  They also found annual correlations for anchovy biomass but not for sardine in 1983.  This could indicate a more complex pattern where SST is but one of the variables involved, or it could indicate a lack of dependence for some species with a possible seasonal variance.

6. Access to the high resolution data in a timely fashion.

4.06.3 Processed Data Sources:

1. Fleet Numerical Meteorological and Oceanographic Center

http://www.fnoc.navy.mil/ocean.html
OTIS Model – Optimal Thermal Interpolation System – Fully integrated model using ships, fixed and drifting buoys, satellite SST, bathythermograph and buoy subsurface temperatures.  Implemented in several regional (eddy resolving) and global (non-eddy resolving) grids. 

This dataset will have to be reformatted, then contoured and delivered.  In the long run, we would like to deliver the color coded image as an option to the captain.

On discussion with Carl Thormeyer of FNMOC on 7/27/98, only the 2½( resolution data is currently available.  They plan to make 1( resolution data available shortly (Note: as of 12/13/98 only the 2½( data is available).  We requested the 1/4( data – it is available to Federal agencies and organizations performing research for them, but not to commercial enterprises.  The data is available for download from NOAA-NWS ftp site in Silver Springs.  Charges $100/qtr + $30/hr connect time.  Model is run twice a day, not available for download until 4 to 5 hrs later.

The dataset is available worldwide, this gives us a consistent product for the entire EEZ.

Note: from the Johns Hopkins APL web site the OTIS model appears heavily smoothed (not unexpected for a model) compared to the 7 day composite AVHRR SST.  This highly smoothed version is certainly better than nothing, but is not as good as the AVHRR product.  The amount of cloud cover will determine the relative merits of the two products.  Also, please note that the OTIS model at this web site appears to be of higher resolution than the ¼( data Carl Thormeyer mentioned above, and certainly greater than the 2½( data currently available to SciFish. 

Contact 

Carl Thormeyer

FNMOC

7 Grace Hopper Ave.

Monterey, Ca. 93943-5501

Bus: (831) 656-4327 

R.M. (Mike) Clancy, Ph. D.

Fleet Numerical Meteorology and Oceanography Center

7 Grace Hopper Ave.  Stop 1

Monterey, Ca.  93943-5501

(408) 656-4414 (ph)

(408) 656-4489 (fax)

clancy@fnoc.navy.mil

NOAA distribution agent for the OTIS dataset.

Mr. Michael (Mike) Rega

Systems Operations Center

National Weather Service

Silver Springs, Md.

(301) 713-1878 x 176

michael.rega@noaa.gov
Bruce Starkenburg

(301) 713-1878 x169

2. National Weather Service

http://www.alaska.net/~nwsar/html/ice/ice_marine.html  --  Alaska

http://nws.mbay.net/sst2.gif – Eastern Pacific N of 40 N

http://nws.mbay.net/sst1.gif – Eastern Pacific  S of 40 N

Hand contoured SST data.  Smooth, visually pleasant, shows large features.  Is interpreted through the clouds.  

Must be digitized to use, if digitizing on screen, the image must be registered and rectified.  Each office does their own regional coverage – need to work with several offices to get complete coverage.  Have not found a comparable product for the Atlantic Ocean.  In addition, no such product outside US waters.  The image for the Bering Sea (State of Alaska) is scanned from a map in Polar Sterographic projection.

On discussion with Michael Rega of NWS (see item 4.06.3 1 above) , the National Weather Service has discontinued the hand contoured SST product for the Atlantic Ocean and the Gulf of Mexico due to budget cuts.  Mr. Rega says that the West Coast product is not well done at this time for the same reason.  He was unaware of the Alaskan product.

Discussion with Russell Page reveals that the generation of SST charts is not his primary task, but is performed on a time available basis.  His primary concern is the ice forecast for the Bering Sea.  We have observed delays of two days posting the hand contoured SST.

This may be a solution for the Alaskan Waters where the clouds are a severe issue, however only the Alaskan product appears reliable at this point.  There would be a lack of uniformity for other areas.

NOAA data distribution agent 

Mr. Michael (Mike) Rega

Systems Operations Center

National Weather Service

Silver Springs, Md.

(301) 713-1878 x 176

michael.rega@noaa.gov
The contact for the Bering Sea hand contoured SST data is:

Mr. Russell Page

Regional Ice Forecaster

National Weather Service

Anchorage, Alaska 995

(907) 266-5113

Russell.Page@noaa.gov
3. NOAA / NESDIS

http://psbsgi1.nesdis.noaa.gov:8080/PSB/EPS/SST/SST.html
This dataset is not operational – for operational data contact John Sapper at jsapper@nesdis.noaa.gov.  The data appears to have substantial cloud problems in the Alaska region.  They provide a plot of Number of observations and age of observations that go into each map.

From the web site, this dataset appears to have a 14 km resolution.  This is a little coarse for our use.  Remember that the AVHRR instrument has a 1.1 km resolution.

http://psbsgi1.nesdis.noaa.gov:8080/PSB/EPS/SST/contour.html
Machine contoured numerical data – honors all the small features in the SST.  The sample we saw for the Bering Sea looked pretty poor due to missing data for cloud areas.  There is also a color coded grid product with contour lines on top or that.  This product clearly shows the pixel size of the data.

Big advantage to this dataset is that it is already contoured.  The big disadvantage is that most captains probably wouldn’t like the look of the machine contoured product.

Coverage is available for the entire EEZ, this would be a uniform product for all markets.

4. NOAA Coast Watch

http://sgiot2.wwb.noaa.gov/COASTWATCH/
NOAA's CoastWatch Program (in conjunction with NOAA Line Offices) makes satellite data products and in-situ data from NOAA environmental buoys available to Federal, state, and local marine scientists and coastal resource managers.  CoastWatch SST images are produced 4 times a day for the entire United States, including Alaska and Hawaii.

For coastal areas in the Great Lakes, East Coast, and Gulf of Mexico, data from the Advanced Very High Resolution Radiometer (AVHRR) on NOAA's polar orbiting spacecraft are collected at Wallops Island, VA and at Fairbanks, AK. These data are processed on NOAA computers in Suitland, MD using a set of NOAA-developed multi-channel atmospherically corrected algorithms for determination of sea surface temperature. Data are then mapped (Mercator Projection) and sectored to predefined coordinates specified for each of the CoastWatch regions. Digital, high resolution data products (1 km / 4 km in a CoastWatch Binary Format) are then passed daily to CoastWatch Regional Nodes in the eastern U.S. (i.e., Southeast, Great Lakes, Northeast, Gulf of Mexico, and Caribbean). For Regional Nodes in the Pacific region, CoastWatch now relies on local data acquisition and processing capabilities in La Jolla, Anchorage, and Honolulu. 

The Internet is used as the primary telecommunications pathway for digital data distribution. Once data are delivered to the CoastWatch Regional Nodes, they become available for local use by state, local and federal marine scientists and decision makers. An ever growing number of federal, state, and local organizations are establishing a formal relationship with local CoastWatch Regional Nodes for routine timely access to CoastWatch image products. Retrospective availability of CoastWatch data products and buoy data are provided through a remotely accessible (dial-up, Internet), near-line system at the National Oceanographic Data Center (NODC), Washington, D.C. NOAA's National Environmental Satellite, Data, and Information Service (NESDIS) has responsibility for CoastWatch Program Management. 

Contact Information

Bob Stone

CoastWatch Operations Manager

NOAA Science Center 

4700 Silverhill Road 

Stop 9910 

Washington, DC 20233-9910

Telephone:  301-763-8142

FAX:  301-899-9196 

e-mail: bstone@nesdis.noaa.gov

5. Johns Hopkins University Applied Physics Lab

http://fermi.jhuapl.edu/avhrr/gs_n/98jul/index.html
Frank_Monaldo@jhuapl.edu  contact on web page

The seven day composite is a nice looking product, the 1 day and 3 day products are substantially affected by clouds (holes in the data).

This product is only available from the Gulf of Mexico to the North Atlantic.

Johns Hopkins has a very nice composite image of SST data for the Atlantic ocean and Gulf of Mexico.
6. Rutgers University Marine Remote Sensing

http://marine.rutgers.edu/mrs/newevery.topex.html
This is an AVHRR (advanced very high resolution radiometer) image of the Eastern U.S.A. We record approximately 9 of these passes per day. This image is a composite of all of these images. The satellite dish on our roof allows us to see as far south as Puerto Rico, as far west as Nevada, and up to 65 degrees N latitude and 40 degrees W longitude.  The image on this page has been calibrated to show sea surface temperatures. In black you can see coastlines and state borders.   (from their web site)

If you have any questions or comments about any of these images please send e-mail to:     flounder@arctic.rutgers.edu 

This product is a composite of all the satellite passes over the area for one day (up to 9 of them), but is not a multi-day composite.  That means that there are more areas blanked by clouds than in the Johns Hopkins products.  They have not masked the land areas, just delineated then.  The resolution appears to be the same as Johns  Hopkins.

The coverage is from the eastern Gulf of Mexico (about the Texas, Louisiana border) through the North Atlantic (coast of Maine).

7. University of Wisconsin Space Science and Engineering Center

http://www.ssec.wisc.edu/data/data.html
Study Global change, etc.  The SST data on their web site is global and non-eddy resolving.  The image is very pleasing to the eye.

This page presents browse-quality pictures intended solely for qualitative analysis of global weather.  These pictures are known to have small navigation and calibration errors, and therefore should not be used for any quantitative analysis. These picture sets represent just a portion of the digital scientific data available in real time at SSEC.

The data and information on these pages, including imagery, are offered free as a public service. For any commercial use, a donation is requested to support continuation of this service. Please contact Terri Gregory for more information.

Terri Gregory

Public Information Specialist.

Space Science and Engineering Center

1225 West Dayton Street

Madison, Wisconsin 53706

 (608) 263-3373

terrig@ssec.wisc.edu
8. Naval Atlantic Meteorology and Oceanographic Center

http://www.nlmoc.navy.mil/home1.shtml
10 km resolution (?) MCSST product covering the Gulf of Mexico through the far North Atlantic.  This appears to be more global in nature, but is advertised as 10-km data.  I don’t see the detail on this web site that I do on the Johns Hopkins site.

9. University of Rhode Island

http://dcz.gso.uri.edu/avhrr-archive/archive.html
This is an archived dataset.  Each of the 1024 by 1024 pixel images in the archive covers the area from latitude 60.575N longitude 96.222W to latitude 9.399N longitude 33.768W using a cylindrical equirectangular map projection with a resolution of 5km/pixel. These images clearly show the Gulf Stream as it heads up the Eastern North American coast line and out into the Atlantic Ocean.

10. TRMM derived SST

http://www.eorc.nasda.go.jp/TRMM_Info/WhatsNew/
This dataset is derived from the 2.8 cm TMI radiometer on the TRMM satellite.  The power difference generated at that wavelength by normal oceanographic temperature is small – the claim is a ((1((C sensitivity at 10((C, but little difference at 0((C.  The atmospheric corrections are not well defined, but may be small

Data source: http://lake.nascom.nasa.gov/DATA/TRMM/
11. Environ. Modeling Center, National Centers for Environ. Predict. (NWS)

Similar to the TRMM dataset, but extending further north is the SSM/I data.  This is a suite of three military passive microwave satellites with  19, 22, 37, and 85 GHz (about 16, 14, 8, and 3.5 mm wavelength) channels.  The spatial resolution is 50 km at 19 and 22 GHz, 30 km at 37 GHz, and 15 km at 85 GHz.  As with the TRMM data, there is a cloud pass band at the lower frequencies.  This data is analyzed using the OMBNN3 Neural Network Algorithm to extract SST, Surface Wind Speed, Columnar Water Vapor, and Columnar Liquid Water – the four primary factors that affect energy received at these frequencies.  This data appears to be of moderate spatial resolution, but poor thermal resolution.  Only broad regional features appear.  See the web site for details.

http://polar.wwb.noaa.gov/winds/ssmidata.html
12. MODAS (Modular Ocean Data Assimilation System)
MODAS is a modeling program run by the Navy meteorological group primarily to calculate sonar performance worldwide.  One of it’s byproducts is SST.

MODAS performs quality checking and optimum interpolation of ocean observations, including temperature, salinity and sea surface height (SSH). The SSH and SST appearing in the plots were gridded by optimum interpolation using altimeter and AVHRR MCSST products from the Naval Oceanographic Office.  The covariance functions used in the interpolations were derived from several years of satellite-based SST and SSH observations.  MODAS also computes synthetic three-dimensional grids of ocean temperature and salinity based on the gridded SST and SSH using climatological relationships between subsurface temperature and SST and SSH derived from historical profile observations.  Salinity is computed from the derived temperature using local climatological relationships between temperature and salinity.

The MODAS resolution appears to be approximately ½(.  The North Pacific (including the Bering Sea) is at:
http://www.npmoc.navy.mil/index.html
13. PFEG (Pacific Fisheries Environmental Laboratory)
PFEG receives and distributes the monthly SST anomaly data for the Gulf of Alaska, Pacific Coast, and Gulf of Mexico from the Navy FNMOC in Montery, Ca.  Since it is a monthly average, it is of little use to fishermen looking for real time data.

http://www.pfeg.noaa.gov/data/data_download.html
4.06.4 Raw Data Sources:

1. JPL – PODAAC

http://podaac.jpl.nasa.gov/sst/
Archive data products only – no real time data.

The NOAA/ NASA AVHRR Oceans Pathfinder sea surface temperature data are derived from the 5-channel Advanced Very High Resolution Radiometers (AVHRR) on board the NOAA -7, -9, -11 and -14 polar orbiting satellites. Daily and monthly averaged data for both the ascending pass (daytime) and descending pass (nighttime) are available on equal-angle grids of 4096 pixels/360 degrees (nominally referred to as the 9km resolution), 2048 pixels/360 degrees (nominally referred to as the 18km resolution), and 720 pixels/360 degrees (nominally referred to as the 54km resolution or 0.5 degree resolution)

PO.DAAC Sea Surface Temperature Data / AVHRR Satellite Data 

There are two basic AVHRR SST data sets at the PO.DAAC: the AVHRR MCSST data set and the NOAA/NASA AVHRR Oceans Pathfinder data set. Both data sets are derived from the 5-channel AVHRR instruments on board the NOAA -7, -9, -11and -14 polar orbiting satellites. However, these products differ greatly in temporal resolution, spatial resolution and spatial coverage.  

AVHRR MCSST

The AVHRR MCSST data are available as weekly averages from 11 November 1981 to ~ present using one algorithm. The data are provided on an equal-angle grid of 2048 pixels longitude by 1024 pixels latitude (referred to as 18km resolution).  Further information is available on the AVHRR MCSST Homepage http://podaac.jpl.nasa.gov/mcsst. 

NOAA/NASA AVHRR Oceans Pathfinder

The NOAA/NASA AVHRR Pathfinder Project is currently reprocessing the AVHRR GAC Level 1B data using improved algorithms. Consequently, the Pathfinder data is much improved over the MCSST data. The AVHRR Pathfinder data are currently available from 1985 through 1996 using four separate algorithms. Data are provided as daily and weekly averages on equal-angle grids of 4096 pixels longitude by 2048 pixels latitude (referred to as 9km resolution), 2048 by 1024 (referred to as18km resolution) and 720 by 360 (referred to as 54km resolution or the 0.5 degree grid). Further information about the AVHRR Pathfinder data is available on the AVHRR Pathfinder Homepage http://podaac.jpl.nasa.gov/sst.
4.06.5 AVHRR / SST Software Sources:

1. JPL – PODAAC

AVHRR MCSST SOFTWARE 
All AHVRR MCSST software is available via anonymous FTP to podaac.jpl.nasa.gov. 

HDF Software provided in C, FORTRAN AND IDL available in the    pub/sea_surface_temperature/avhrr/mcsst/software/hdf directory 

Binary Software provided in FORTRAN and IDL available in the                                pub/sea_surface_temperature/avhrr/mcsst/software/binary directory 

SUBSET DATA HDF Software under development Binary Software provided in Fortran available in the pub/sea_surface_temperature/avhrr/subsetting directory

4.07 Sea Surface Temperature Gradient

This is a calculated value from Sea Surface Temperature.  It is the lateral spatial two-dimensional gradient.  Ladner et al (1996) found including this gradient in a linear regression scheme enhanced the correlation to selected species biomass.

Note: This is just a slope azimuth calculation on the SST.  We know the “slope” part is important, but how about the “azimuth” part?  My thoughts are that there is value here, but it may be obvious from the SST data itself.
4.07.1 Fisheries Uses: 

1. In addition to fish being sensitive to sea surface temperature, many species like to congregate at the ocean fronts where sea surface temperature change suddenly in a brief distance.  The Sea Surface Temperature Gradient is a measure of this change with large values indicating the existence of fronts.

2. The features shown in this data are visible to the fishermen in the SST data, however this has been shown to be of value in machine correlation of oceanographic factors to fish species biomass.  (Ladner, 1996)

4.07.2 Issues:

1. As a derivative product, this is more sensitive to all of the problems listed in 4.06.2 above.  Additionally it is very sensitive to errors in the SST.

4.07.3 Processed Data Sources:

1. I am aware of no processed data sources for this gradient.

4.07.4 Raw Data Sources:

1. See the section 4.06.4.

4.08 Ocean Color (EOS-AM/MODIS, ADEOS2/GLI, ENVISAT/MERIS)

Ocean color is primarily used for research into phytoplankton, the base of the oceanic food web and the main biological entity in the marine carbon cycle.. Phytoplankton are the plants of the ocean, producing organic carbon by photosynthesis.  Ocean color is therefore valuable in determining the biological systems and patterns in the ocean, but the data is quite dependent on the algorithms used to derive pigment concentration and other geophysical variables from the measured radiance.  Use of the data also requires statistical combination of several views of the same region to eliminate the pervasive presence of clouds and haze.

Using the spectral properties of the upwelling radiation from the upper layers of the ocean, the sensor infers the chlorophyll content and hence the phytoplankton concentration in the upper layers.

Biological processes related to primary productivity in the upper ocean are quite complex and not completely understood (for example, the timing of the spring and fall blooms differs in different regions of the world, and the underlying mechanisms for these differences vary from location to location).  An added complication is the dependence of these processes on the characteristics of mixing in the upper ocean, since it is the complex interaction of the light and nutrient limitations on productivity (the later depending critically on mixing processes) that more or less governs the primary productivity in the euphotic zone.

Need concise information about the wavelengths used to measure chlorophyll in the ocean and the atmospheric corrections necessary to make that work.
4.08.1 Fisheries Uses: 

1. Productivity:  Ocean Color is used to calculate ocean productivity, which in conjunction with SST, is a good indicator of specific fish species.  This is a derived product as is further discussed in item 4.09.

2. Blue Water:  Some species, such as tuna, greatly prefer clear blue waters.  The location of blue water in the Gulf of Mexico is a prime criteria for many pelagic species.

3. Ocean Fronts:  Ocean color can be an indicator of ocean fronts.  This is particularly true of turbid waters entering clearer water.

4. Currents:  movement of features over time can indicate currents, so can the patterns in the color.  However, as with the SST it is very difficult to gather cloud free data at the temporal resolution necessary to determine currents from the movement of features.  Again, this is better attacked through altimetry see section 4.14.

5. Eddies and Upwellings: frequently visible in ocean color features.  These are associated with bringing nutrient rich waters from deep in the ocean to the surface where together with photosynthesis an increase in primary productivity can occur. 

4.08.2 Issues:

1. Cost – Sea WiFS annual subscription ~ $50,000

2. Clouds – Ocean color relies on measurements in the visible and near ir part of the spectrum, these are blocked by clouds.

3. Approximately 10% of the energy received at the satellite is from the ocean, the remainder is from reflections within the atmosphere.   The Atmospheric corrections are large ( about 90%) and extremely significant.  The effects are estimated by considering several channels.

4. MODIS will also measure ocean color – Launch currently delayed until end of 1998 for Ground Control Software Problems ( press release 4/17/98)

5. ADEOS II and ENVISAT will also carry ocean color sensors.  ADEOS II is scheduled for 1999, and ENVISAT for 2000.

6. We could use Landsat, SPOT, IRS, or Soviet assets – the problem is the high resolution (too much data for regional coverage), small footprint (we’d need to buy too many scenes), extensive data processing to mosaic the scenes, large (~$4,000) cost per scene, and slow turnaround from acquisition to delivery.

7. Important but not sufficient fish indicator.

4.08.3 Processed Data Sources:

1. Orbital Image Corporation 

They have sole commercial rights to the Sea WiFS data.  Annual subscription ~ $50,000.  The data is available through Federal Sources (NASA, NOAA) for research purposes, but with a two week delay.

Data would have to be contoured (by hand or machine)

2. NOAA Coast Watch

http://sgiot2.wwb.noaa.gov/COASTWATCH/
SeaWiFS data is processed into pre-defined 12-products HDF files and GIFs for United States Coastal Regions.  These panels, similar to CoastWatch SST product coverage, represent Level 2 Products: 

· HDF File with geo-located: normalized values of water leaving radiance (7 channels) 412, 443, 490, 510, 555, 670, and 865nm CZCS pigment concentration 

· Chlorophyll-a concentration 

· Diffuse attenuation coefficient at 490nm 

· Epsilon of aerosol correction at 765 and 865 nm 

· Aerosol optical thickness at 865 nm 

Typically 150-200MB in size IDL Procedures developed to create maps as specified by CoastWatch Nodes

The CoastWatch data is intended for research use, for commercial users must acquire the data from Orbital Image Corporation.

See 4.603 5 for contact information.

4.08.4 Raw Data Sources:

1. Orbital Image Corporation has sole commercial rights to the Sea WiFS data.  Annual subscription ~ $50,000.

Data would have to be contoured (by hand or machine)

4.09 Primary Productivity (EOS-AM/MODIS, ADEOS2/GLI, ENVISAT/MERIS)

Our present assessment of global primary productivity is based on an aggregation of haphazardly located and timed ship observations scanning many decades. It is impossible to resolve time-dependent global changes from this data set, and current estimates of mean annual productivity vary by more than a factor of two. However, satellite observations eliminate some of the important sampling problems inherent in traditional ship-based oceanography, such as the long interval (compared to typical ocean-dynamical timescales) between observations at different locations. For example, a two-minute satellite scene contains 2 million pixels that cover an area of 2 million square kilometers; it would take more than 11 years for a ship traveling at 20 km/hr to sample each pixel. 

The use of satellite ocean-color imagery to estimate primary-productivity for relatively large areas of the ocean is therefore an attractive alternative. In this approach, satellite estimates of near-surface chlorophyll provide an initial estimate of phytoplankton biomass (in units of carbon or nitrogen) as input to a mathematical model of primary productivity. The model may also require measurements or estimates of other variables affecting primary productivity, such as water temperature, sunlight intensity, and nutrient supply. Model predictions of daily primary productivity are then used to calculate the potential cumulative increase in phytoplankton biomass from the time of the initial biomass estimate until the next available satellite image. 

Work in progress shows good agreement between field observations and model output for at least some regions. However, major issues need to be resolved before biological oceanographers will accept primary production estimates based only on satellite measurements and mathematical models. For example, CZCS imagery yields chlorophyll estimates only for the upper layers, whereas primary productivity extends deeper into the water column. Nevertheless, many oceanographers now believe that satellite ocean color measurements must become an essential component of future ocean field experiments.

4.09.1 Fisheries Uses: 

1. Ladner et al. (1996) found correlations between the chlorophyll concentration and tuna, mackerel, and sardine biomasses depending on the year and month for offshore California waters.  They also found a correlation between chlorophyll gradient and anchovy biomass in February 1986.

4.09.2 Issues:

1. Satellite algorithms have been developed that remove the atmospheric contamination that represents approximately 80-90% of the satellite signal to retrieve the water leaving radiance at the visible channels of CZCS (Gordon, 1978; Gordon and Clark, 1980a,b).  The ratio of these channels is strongly correlated with the phytoplankton concentration occurring in the upper ocean (Gordon and Clark 1980a).

2. Phytoplankton concentrations have been shown to be associated with different physical water masses such as the Gulf Stream, shelf and slope waters, and cold and warm core rings (Gordon et. al. 1983).  Elevated phytoplankton concentrations are coupled with upwelling processes and wind events. 

3. Mitchell et al. (1991) has identified problems in using universal remote sensing algorithms for predicting chlorophyll in high latitudes.  Regional chlorophyll algorithms are suggested as a solution; however, these regional algorithms have not been developed (Arnone, et al. 1992).

4. The available phytoplankton distributions represent only the surface distribution to a depth of approximately one attenuation length (Gordon and McCluney, 1975).  In most instances, the elevated chlorophyll concentrations that typically occur at the mixed-layer depth (chlorophyll maximum) have not been observed by the CZCS imagery (Arnone, et al. 1992).

4.09.3 Processed Data Sources:

1. Orbital Image Corporation has sole commercial rights to the Sea WiFS data.  Annual subscription ~ $50,000.

Data would have to be contoured (by hand or machine)

4.09.4 Raw Data Sources:

1. Orbital Image Corporation has sole commercial rights to the Sea WiFS data.  Annual subscription ~ $50,000.

Data would have to be contoured (by hand or machine)

4.10 Ocean Color Gradient

4.10.1 Fisheries Uses: 

1. This is calculated from the ocean color gradient discussed above.  It quantifies the change in ocean color, and more clearly indicates the location and strength of fronts.  There is nothing in the Ocean Color gradient that cannot be seen in the Ocean Color data – however Ladner et.al. 1996, showed a positive correlation between ocean color gradient and fish biomass.  This is more of a computational aid with possible visual effects.

4.10.2 Issues:

1. As a derivative product, it is more sensitive to all of the problems listed in 4.08.2 above.  Additionally it is very sensitive to errors in the original ocean color measurement and atmospheric correction (remember the atmospheric correction is about 90%)..

4.10.3 Processed Data Sources:

4.10.4 Raw Data Sources:

1. Orbital Image Corporation has sole commercial rights to the Sea WiFS data.  Annual subscription ~ $50,000.

Data would have to be contoured (by hand or machine)

4.11 Turbidity (AVHRR - EOS-AM/MODIS, ADEOS2/GLI, ENVISAT/MERIS)

4.11.1 Fisheries Uses: 

1. Many predator species like to hide in the turbid waters adjoining clear water in order to ambush prey species that swim past.

Discrimination

Fronts

Water Clarity – e.g. Tuna are blue water critters

This is referenced in papers by Bob Arnone for work in the Gulf of Mexico

4.11.2 Issues:

1. Clouds:  Turbidity is measured in the visual bands, therefore clouds will block the measurements.  I know of no source of “modeled” or “hand smoothed” data for this product.  It is quite possible that we will have “cloud holes” in the data, or that we will hand smooth it ourselves.

2. Measurement: Estimates of these values can be obtained from the visual bands in either AVHRR or SeaWiFS instruments.  La Violette (1996) describes using the coastal volume scattering coefficient, c660, derived from channels 1 and 2 of AVHRR as a measure of turbidity in the Gulf of Mexico.

4.11.3 Processed Data Sources:

1. I am aware of no processed data sources for turbidity.

4.11.4 Raw Data Sources:

1. Calculated from AVHRR visible bands, or similar sources.

4.12 Wave Height and Direction (WAM – TOPEX)

Wave height and direction can be determined from the FNMOC WAM model, from the reflectivity of the TOPEX and ERS-2 altimeters, from SAR data (satellite or aircraft), from specially designed scatterometers, and from in-situ wave buoys.  The altimeter provides significant wave height and wind speed, whereas SAR, in principle, give the full wave spectrum.  The altimeter satellite measures a spatially averaged wave height over 15 km2 (2 x 7 km).  The Wave Buoy measures a temporally averaged wave height over typically 30 min.

Analysis of current global, Atlantic, and Pacific wave heights, plus 24 and 48-hour forecasts are generated by the FNMOC using the WAM (WAve Model).  Model output includes significant wave height, average direction, average spectral frequency, friction velocity of the wind stress, stress direction, swell height, swell direction, sea direction and swell frequency. 

For more information about the WAM model, contact Paul Farrar at the Navy Oceanographic Office (email: farrar@msrcnavo.navy.mil ).

4.12.1 Fisheries Uses: 

1. Safety

2. Wave action affects some fish and the way they behave

4.12.2 Issues:

1. TOPEX/Poseidon has a cross-track spatial resolution of 150 to 300 km, with a 10 day revisit.

2. ERS-2 has a cross track spatial resolution of 40 to 80 km with a 35 day revisit .

3. Down track resolution is about 7 km.

4. When the satellite passes from land to sea, artificially high values of significant wave height are frequent close to the coast.  (Barstow & Krongstad, 1995)

5. FNMOC WAM data – On discussion with Carl Thormeyer of FNMOC on 7/27/98, only the 1( resolution data will be available under current plans.  We requested the 1/4( data, he will have to consult with his superiors.

4.12.3 Processed Data Sources:

1. Fleet Numerical Meteorological and Oceanographic Center

http://www.fnoc.navy.mil/ocean.html
This dataset will have to be reformatted, then contoured and delivered.  In the long run, we would like to deliver the color coded image as an option to the captain.

On discussion with Carl Thormeyer of FNMOC on 7/27/98, only the 1( resolution data will be available under current plans.  We requested the 1/4( data, he will have to consult with his superiors.  The data is available for download from NOAA-NWS ftp site in Silver Springs.  Charges $100/qtr + $30/hr connect time.  Model is run twice a day, not available for download until 4 to 5 hrs later.

The 1( and ¼( datasets are available worldwide, this gives us a consistent product for the entire EEZ.

Note: from the Johns Hopkins APL web site the OTIS model appears heavily smoothed (not unexpected for a model) compared to the 7 day composite AVHRR SST.  This highly smoothed version is certainly better than nothing, but is not as good as the AVHRR product.  The amount of cloud cover will determine the relative merits of the two products.  Also, please note that the OTIS model at this web site appears to be of much higher resolution than the ¼( data Carl Thormeyer mentioned above. 

Contact 

Carl Thormeyer

FNMOC

7 Grace Hopper Ave.

Monterey, Ca. 93943-5501

Bus: (831) 656-4327 

R.M. (Mike) Clancy, Ph. D.

Fleet Numerical Meteorology and Oceanography Center

7 Grace Hopper Ave.  Stop 1

Monterey, Ca.  93943-5501

(408) 656-4414 (ph)

(408) 656-4489 (fax)

clancy@fnoc.navy.mil

NOAA distribution agent for the OTIS dataset.

Mr. Michael (Mike) Rega

Systems Operations Center

National Weather Service

Silver Springs, Md.

(301) 713-1878 x 176

michael.rega@noaa.gov
Bruce Starkenburg

(301) 713-1878 x169

2. Colorado Center for Astrodynamics Research (CCAR)

Along-Track Data Host: 

http://www-ccar.colorado.edu/~leben/waves/wave.html
The data host returns altimeter significant wave height data from any global region for a single day.  The region and date are user-defined. 

3. National Data Buoy Center – near real time

http://seaboard.ndbc.noaa.gov/Maps/wrldmap.shtml
4. PMEL – Pacific Marine Environmental Laboratory

http://www.pmel.noaa.gov/
4.12.4 Raw Data Sources:

4.13 Altimetry (CCAR – TOPEX & ERS-2)

4.13.1 Fisheries Uses:

1. Currents:  Altimetry from the Topex and ERS-2 satellites is used to indicate geostrophic currents

2. Sea Floor Structure: Altimetry is known to indicate sea floor structures, which may be of interest to fishermen.

3. Eddies and Upwellings are visible directly from the Altimetry data as either high or low areas

4. Ocean Fronts may be interpreted from this data, much akin to the atmospheric fronts.

4.13.2 Issues:

1. Resolution:  Although well sampled down track, with a revisit period of 127 orbits this means the cross track sampling is almost 3 degrees of longitude for the Topex satellite.  It takes 10 days for Topex to acquire a complete dataset.  For the ERS-2 satellite it is 501 revolutions, but it takes 35 days to acquire a complete sample.

2. Due to the low cross-line resolution, the dataset will likely miss many small eddies.

3. This is a straight forward implementation of the Altimetry data without complications.  The generation of currents from this dataset has several issues.  See 4.14.2.

4. The raw data must have corrections made for:

· Dry troposphere path delay

· Wet troposphere path delay

· Ionosphere path delay

· Electromagnetic bias

· Static inverse barometric correction

· Sea surface bias (Topex only)

· Instrument bias

· Solid Earth tides

· Ocean tides

· Orbital corrections

· Orbit to orbit misties

5. The TOPEX satellite was launched in 1992 with a design lifetime of  3 to 5 years – it has exceeded its life expectancy.  However the ERS-2 and GFO, while not NASA satellites, will carry the burden until the next generation of satellites can be launched.

· 1992 – Topex (US/French) – 3 to 5 years

· 1995 – ERS-2 (ESA) – 3 years

· 1998 – GFO (Geosat Follow On, Navy) – 5 years

· 1999 – Envisat (ESA) – 4 years

· 2000 – Jason-1 (French/US)

· 2001 – Grace (US)

· 2004 – Jason-2 (French/US)

4.13.3 Processed Data Sources:

1. CCAR – Colorado Center for Astrodynamics Research

http://www-ccar.colorado.edu/research/
They update the maps every 2 days.  You can get color coded ocean topography and/or Geostrophic Velocity Vectors.  They also have historical data averages.

This dataset will have to be contoured and the vector format delivered to the clients.

Contact::

Dr. Robert Leben

Colorado Center for Astrodynamics Research (CCAR)

Department of Aerospace Engineering Sciences

Campus Box 431

University of Colorado

Boulder, Co. 80309-0431

Ph: (303) 492-4113

e-mail: leben@orbit.colorado.edu
URL: http://www-ccar.colorado.edu/~leben
2. JPL – PODAAC

http://podaac.jpl.nasa.gov/topex/
Quick-Look Images & Data

These along-track images are automatically generated about 5 hours after telemetry is downlinked from TOPEX/Poseidon's on-board tape recorders.  Downlinks typically occur every 8 hours (0000, 0800, 1600 hours UTC). New images are available at about 0500, 1300 and 2100 hours UTC, every day! Matching data files are also available. This capability became available in May 1997. 

10-day Browse Images

About 4 to 5 weeks after the data for an entire 10-day cycle are collected, global images are generated from Geophysical Data Records. These images are of higher quality than the Quick-Look images because they make use of precision orbit data that are collected and processed during the 4 to 5 week interval and give the location of the satellite to within 3 centimeters. 

Anonymous FTP access is now available for images and data from podaac.jpl.nasa.gov.

4.14 Currents (CCAR – TOPEX & ERS-2)

4.14.1 Fisheries Uses: 

1. Fronts

2. Eddies

3. Upwelling

4. Typically, currents will have a temperature aspect to them, such as the Gulf Stream or the Alaskan Current.  As we stated for SST, this will affect locations for many species.

4.14.2 Issues:

1. This is a derivative product of the altimetry.  Any relative errors in the altimetry product will be magnified in the derivative.

2. Resolution:  Although well sampled down track, with a revisit period of 127 orbits this means the cross track sampling is almost 3 degrees of longitude for the Topex satellite.  It takes 10 days for Topex to acquire a complete dataset.  For the ERS-2 satellite, it is 501 revolutions, but it takes 35 days to acquire a complete sample.

3. Geoid Corrections:  The geoid is defined as the earth’s gravitational equipotential surface that most closely approximates mean sea level.  When this surface is well known, then differences from this surface reflect elevations in the sea above or below equilibrium and currents will flow to restore equilibrium.   These currents are called geostrophic currents.  The issue is that the geoid is not well known.  It is very difficult to separate the effects of local gravity variations from the elevation changes due to persistent currents like the Gulf Stream or the Alaska Current.  In other words, the altimeter derived current is really a “current anomaly” map.  If a well know “mean current” exist this can be added back to the altimeter to generate a “total geostrophic current” map.

4. Wind Driven Currents:  Note that unless they persist long enough to change the elevation structure of the sea, wind driven currents will not be reflected in the altimeter derived current.

4.14.3 Processed Data Sources:

1. CCAR – Colorado Center for Astrodynamics Research

http://www-ccar.colorado.edu/research/
They update the maps every 2 days.  You can get color coded ocean topography and/or Geostrophic Velocity Vectors.  They also have historical data averages.

We could easily import the vector dataset and ship via email.  The image could be included as an option at a later date.
Contact::

Dr. Robert Leben

Colorado Center for Astrodynamics Research (CCAR)

Department of Aerospace Engineering Sciences

Campus Box 431

University of Colorado

Boulder, Co. 80309-0431

Ph: (303) 492-4113

e-mail: leben@orbit.colorado.edu
URL: http://www-ccar.colorado.edu/~leben
4.15 Sea Ice

The nutrient-rich Bering Sea slope waters combine with summer solar radiation to create one of the world’s most productive ecosystems (Walsh et al. 1989).  Seasonal primary production often begins with a bloom associated with ice-edge melt.

In cycles of roughly 5 years, most of the ice production and heat loss in the Arctic Ocean will swing from its Siberian side to its Canadian side (Carsey, 1995)

Sea ice concentrations are readily determined from the visible bands of satellites like AVHRR or from synthetic aperture radar satellites.

4.15.1 Fisheries Uses: 

1. Surface Structure

2. Salinity

3. Physically able to fish

4.15.2 Issues:

4.15.3 Processed Data Sources:

1. Alaska SAR Facility (?)

2. National Weather Service

3. Navy Sources ?

4. State of Alaska sources ?

4.16 Drifter Buoys

What kind of meteorological sensors do the drifter buoys carry?  Air Temperature? Winds? Sea Temperature? Salinity? Wave height?
4.16.1 Fisheries Uses:

1. Currents:

2. Eddies:

3. Ground Truth satellite surface currents

4.16.2 Issues:

1. Need to average over long times to see significant currents – short term data is confusing and influenced by tides

2. Low number of buoys available at any time – severely spatially aliased.

3. This dataset is valuable to provide a ground truth to the other satellite derived currents.

4.16.3 Processed Data Sources:

1. PMEL – Pacific Marine Environmental Laboratory

http://www.pmel.noaa.gov/
2. Rutgers University Marine Remote Sensing

http://marine.rutgers.edu/mrs/newevery.topex.html
4.16.4 Raw Data Sources:

4.17 Buoys

4.17.1 Fisheries Uses:

1. Current Weather

2. Current Sea States

3. Current Sea Temperature at 40 m

4.17.2 Issues:

1. Sparsely sampled

2. Provides a direct measure of bulk ocean temperature for comparison with satellite derived SST data.

3. Provides sea state data to compare with satellite derived wave data.

4.17.3 Processed Data Sources:

5. National Data Buoy Center – near real time

http://seaboard.ndbc.noaa.gov/Maps/wrldmap.shtml
6. PMEL – Pacific Marine Environmental Laboratory

http://www.pmel.noaa.gov/
4.17.4 Raw Data Sources:

4.18 Global Tides

4.18.1 Fisheries Uses: 

1. Global Tidal currents are a significant part of the total current package.  This provides another component to add to the geostrophic and wind driven currents mentioned earlier.

4.18.2 Issues:

1. The global tide systems are very complex, particularly in shallow shelf waters like the Bering Sea.  The University of Colorado CCAR model appears to be the best one available, but still has room for improvement (private conversation – Dr. Robert Leben).

4.18.3 Model Sources:

1. CCAR – Colorado Center for Astrodynamics Research

http://www-ccar.colorado.edu/research/
Contact::

Dr. Robert Leben

Colorado Center for Astrodynamics Research (CCAR)

Department of Aerospace Engineering Sciences

Campus Box 431

University of Colorado

Boulder, Co. 80309-0431

Ph: (303) 492-4113

e-mail: leben@orbit.colorado.edu
URL: http://www-ccar.colorado.edu/~leben
4.19 Mixed Layer Depth

The mixed layer is defined as the depth above which there is less than a 0.5 (C difference in temperature from the surface.  The tethered and drifter buoys measure the water temperature at about 40-m.  In addition, the fishing fleet frequently has thermistors attached to their fishing gear to measure temperature at depth.  All this data contributes to establishing a real time correlation between SST and temperature at depth.

4.19.1 Fisheries Uses: 

1. This is another change in the ocean, and fish like to congregate near changes.  We know that some species segregate by size with the larger members deeper in the water column.  The mixed layer provides a relative measure of such a depth.

4.19.2 Issues:

1. This is a model driven product.  It should be highly smoothed and difficult to ground truth.

4.19.3 Processed Data Sources:

4.20 Weather (NWS)

Precipitation

Winds

Atmospheric Temperature

4.20.1 Fisheries Uses: 

1. Crew and Vessel Safety

2. Fish respond to weather conditions

4.20.2 Issues:

4.20.3 Processed Data Sources:

1. National Weather Service

2. USAF Weather at Offutt AFB, Nb.

4.20.4 Raw Data Sources:

4.21 Temperature Profile with Depth (on board data)

4.21.1 Fisheries Uses: 

1. Each species has a temperature preference.

2. Fish congregate at vertical temperature breaks, just like horizontal temperature “fronts”.

4.21.2 Issues:

1. Real time proprietary data collected while fishing.

2. Easy update to the existing temperature / mixed layer model

3. Highly spatially aliased

4.21.3 Raw Data Sources:

1. Onboard sensors.  This will be automatically updated into Fish Trek 98.
4.22 Salinity Profile with Depth (on board data)

4.22.1 Fisheries Uses: 

1. Each species has a salinity preference.

2. Fish congregate at vertical salinity breaks, just like horizontal salinity “fronts”.

4.22.2 Issues:

1. Real time proprietary data collected while fishing.

2. Easy update to the existing temperature / mixed layer model

3. Highly spatially aliased

4. Except in coastal areas and near sea ice the salinity is relatively constant at sea.

4.22.3 Processed Data Sources:

1. Onboard sensors.  This will be automatically updated into Fish Trek 98.
4.23 Broad Band Sonar Species/Size Identifier (on board data)

4.23.1 Fisheries Uses: 

4.23.2 Issues:

4.23.3 Processed Data Sources:

4.24 Synthetic Aperture Radar Satellite

Shipping, fishing, and recreational boating in areas where sea ice is prevalent can be treacherous and can constrain important economic activities in these areas. Accurate and dependable information about the location of sea ice and the presence of fronts, eddies, and currents is needed to help protect human lives from danger, to protect natural ecosystems from harmful spills due to boating accidents and collisions, and to facilitate economic activity in these areas.

The ability of SAR instruments to view ocean, ice, and land surfaces at high resolution, day or night, and regardless of cloud cover makes this imagery a valuable tool for routine environmental monitoring. Sea ice applications of SAR data include measuring ice concentration, ice motion, detection of leads, ice- berg tracking, and discrimination of ice type and age. Recent and near future launches of SAR instruments will make the data readily available. To prepare for the operational use of this data, the Coastal Ocean Program is supporting research for an applications demonstration of the use of SAR data in CoastWatch for the Alaska and Great Lakes regions.

The July 1991 launch of the European Remote Sensing Satellite (ERS-1) satellite has made routine SAR data available. With the SAR's 30 meter resolution, ice- edge, lead, concentration, and iceberg locations will be much more accurate than can be obtained with the CoastWatch Advanced Very High Resolution Radar (AVHRR) resolution of 1.1 km. Open ocean applications of SAR for monitoring

swell length and direction, the presence of fronts, eddies, and currents, and the extent of oil spills are also promising. The first year of the Alaska and Great Lakes applications demonstration project, begun in May 1992, assessed the usefulness of ERS-1 SAR data for CoastWatch management applications such as fisheries ecology, hazards to coastal transportation, assessment of ice jams and river

flooding, and coastal ocean research. In FY93, an applications demonstration of the use of SAR data in CoastWatch was begun. 

Note:  The Johns Hopkins University Applied Physics Laboratory is working with SAR data investigating correlations between currents, winds, and SAR images features.

Note:  Ocean Imaging has a SAR image on their web site.  The caption states that two of their fishing clients (visible in the image) are heading towards a clearly visible current break to fish for swordfish.  They appear to be working in this direction.

4.24.1 Fisheries Uses: 

1. Currents 

2. Fronts

3. Rips

4. Eddies

5. Upwelling

6. Sea ice edges, concentrations, condition

7. Monitor ship locations

8. Possible direct fish indicators

4.24.2 Issues:

1. Expensive

about $3000 per scene for Radarsat

about $1800 per scene for ERS

2. Timing

Slow delivery of product once acquired

Revisit time every 1 – 2 days at 

3. Can we really recognize direct fish indicators?

Fish oil (feeding) slicks

Boiling activity (breaking the surface)

Breezing activity (swimming just under the surface, flattens the waves)

4.24.3 Processed Data Sources:

1. Unaware of any processed data sources for any of these uses.

4.24.4 Raw Data Sources:

1. Radarsat International (Canadian Company)

2. Alaska SAR facility ? (normally not available to commercial users, but we might get permission to access research and development data from them to prove the concept.

3. Eosat

4.25 Fish Probability Analysis (Software)

4.25.1 Fisheries Uses: 

1. Predict locations most favorable for desired size and species

2. Reduce bycatch

3. Increase efficiency

4.25.2 Issues:

1. Correlations between environmental conditions and size/species must be developed.

2. These correlations are likely to change during the time of year and life cycle of the species (e.g. spawning, migration, etc.)

4.25.3 Software Sources:

1. Preliminary software such as the Navy “Fishfinde” addresses only a few species in a limited area..

5.0 How will we get the data to them?

5.1 Static Data

1. Bathymetry

2. Historical Fish Catch

3. Snags

This data set is delivered by CDROM.  One CDROM per area ordered

5.2 Dynamic Ships Data

1. Electronic Log Book

This data set is captured from the keyboard and log book data files and integrated into the system

2. Ships position

3. Sea Temperature

4. Salinity

5. Broad bad sonar size / species identification

This dataset is automatically captured from the ships sensors and integrated into the system

6. Measured Bathymetry

This dataset is automatically captured, but must be tide corrected before integration into the regional bathymetry model.  This is probably best done with the CCAR global tidal model, unless the boat is in an area with tide monitors.

5.3 Dynamic Regional Data

1. Sea Surface Temperature

2. Sea Surface Temperature Gradient

3. Ocean Color

4. Ocean Color Gradient

5. Primary Productivity

6. Turbidity

7. Wave Height and Direction

8. Altimetry

9. Currents

10. Sea Ice

11. Drifter Buoys

12. Buoys

13. Mixed Layer Depth

14. Weather

This dataset will be converted to vector format in delivered in that format via email to our clients.  A later version will include the ability to optionally ship raster data via ftp.  Both options will be semi-automatic.  I.e. for email the captain will download his mail as usual and place our files in a specified directory.  The software knows to look in that directory for the latest information and update the database.  For raster data the captain will select the update raster option in the program.  The software will dial our ftp site and download the new images into the same directory as before.  The software will automatically include all datasets in the data list for display and use.

5.3 Calculated Products

1. Global Tides

2. Fish Probability Analysis

These products will be calculated real time on the vessel using software and parameters obtained from SciFish.

6.0 Why use us?

Scientific Fisheries, Inc. is dedicated to providing the best possible historic data, near real time ocean environment conditions, and data analysis tools in a fully integrated package to the cabin of our fishing fleet and it’s management agencies.  This will reduce risk and improve the safety and efficiency of the fishery

SciFish has a commercial fishing GIS product Fish Trek 98 which is designed to provide captains with a variety of essential information such as bathymetry, snags, water temperature, historic catch figures, and bycatch.  In addition, vessel captains can log their catch, tide, current, marks, snags, temperature, sea conditions, weather, and lunar conditions in a personalized electronic log book that is fully integrated with all other available data sources.  The product is designed to run on a laptop pc integrated with a GPS for real-time analysis and positioning.  This product is currently in use by commercial fishermen, and has received several favorable press reviews.

Key Points

1) Integrated Environment

2) GIS is much more than a mapping package – FishTrek 98 is an evergreen fishing system designed for the archival, presentation, and analysis of information and factors related to fishing success.

3) Designed and built by fishermen for fishermen

7.0 How will we do it?

7.01 Bathymetry

Compend all publicly available digital data and contour.  Where this dataset is insufficient, digitize NOAA charts.  This product exists and is currently under improvement.

7.02 Historical Fish Catch

Compend all available public domain data, bin, and input into GIS.

7.03 Snags

Compend all available data and input locations to GIS.  This product exists.

7.04 Electronic Log Book

This product already exists.

7.05 Ships Data 

Position

Temperature

Bathymetry

7.06 Sea Surface Temperature (OTIS - AVHRR)

A thick cloud blocks all the radiation and we get no data (shown on these images as white). But perhaps more confusing, a thin cloud only blocks part of the radiation, making the water appear cooler than it actually is. Since there are usually clouds in the sky, we usually lose some data. One way of dealing with this problem is to combine 2 images taken close together in time. Since clouds always make the water appear cooler, a third image is made using the warmer of the two values at each point. If the two images contain clouds at different spots, the third image will contain few clouds. More than two images may be composited in the same fashion. 

7.06.1 OTIS model from Fleet Numerical 

1. Get access to the dataset

· 1st choice is OTIS data from Fleet Numerical

· letter to Captain Don Mautner, Commander, is written and mailed – follow up phone call on Monday 7/27/98.

2. Get a sample of the data

· We need to see the format it will be delivered in – OTIS is in gridded binary (GRIB) format.  We need to see the resolution and be sure this is the dataset we really want.  QC it against the buoy data.

3. Write code to appropriately subset and reformat the data 

Subject: GRIB - Gridded Binary

Type: General data format

Maintainer: World Meteorological Organization (WMO)

GRIB is the standard format for the storage and interchange of meteorological data. Several "flavors" of GRIB exist, prompting the original format to be called WMO GRIB. The format specification and software may be found at:

ftp://ncardata.ucar.edu/libraries/grib/
ftp://nic.fb4.noaa.gov/pub/nws/nmc/docs/gribguide/guide.txt.

The specification for the ECMWF GRIB format is at:

ftp://ncardata.ucar.edu/datasets/ds111.2/format
ftp://ncardata.ucar.edu/datasets/ds111.2/software
UW-NMS Home Page  http://java.meteor.wisc.edu/.

· This will want to run automatically on a schedule (robot)

· Want final product to match the normal fishman areas – do we subset to that here or later?  Probably contour an area larger than delivered to avoid edge effects – this means subset once now and cut again after contour.

4. Contour the data

· The contours will need to be smoothed – the process may be to machine contour and then hand contour using the machine data as a guide.  But we want to work towards an automated package.  Note: delivering the data as a colored image solves this problem.

5. Notes:

· The OTIS software takes into account all existing data, from buoys, ships, satellites, etc.  Then it solves for a consistent current SST picture using an iterative technique with the last solution as the starting point.

· This is the best SST I have found.

7.06.2 Hand contoured SST from NWS 

1. Get access to the dataset

2. Digitize the hand contoured data

3. Notes:

· Data available for Alaska and West Coast only (so far that’s all I found)

· Data is very “hand smoothed” to compensate for clouds.  Likely to miss most small features.

7.06.3 NOAA / NEDIS  Experimental Contours

This is an experimental product delivering machine contoured data.  The dataset we saw for the Bering Sea area looked very poor.  There were few holes in the clouds to acquire data from.

The general “look and feel of machine contours takes a little getting used to.  For fishing captains used to the smooth look of NOAA bathymetry contours this would probably be an unacceptable product.  However it does honor the fine features (as much as it can see them through the clouds) and to that extent is better than the NWS hand interpolated/contoured SST data in item 7.06.2.

To make use of this dataset we need to:

1. Get access to the data – both contoured and raw

2. Hand contour & digitize the data using the machine contours as a guide/starting point.

Assume the raster image comes georeferenced

We would need software to load the image and the vectors and digitize the data on the screen.  The digital data would be georeferenced by definition.  Easy to import.

Software: Like ArcEdit – cost $10,000 for Arc

Time required: about 4 hours (?)

Plot the data with coordinates, the hand contour on the plot and digitize off the paper copy.

Need a large scale plotter

Need a large scale digitizing tablet

Need digitizing software – this is cheap and readily available – e.g. Rockware

Time required: 4 hrs?

3. As an option to 2 above we could hand contour the data on mylar, scan it, register it, auto vectorize, and edit to attach attributes.

Need a large scanner, registration software, and auto vectorize software.  The Arc/Info and Arc/Scan package do this – cost about $13,000.  There is a package that runs inside AutoCad called Tracer that is possibly even better.  Price about $6,000.

Time required: 4hrs ?

4. Format that dataset for import into Fish Trek 98
7.06.4 Common items for SST Contours 

1. Work on delivery technique

· Email

· FTP

I like FTP because it lets the user choose whether or not he wants that particular package.  Problems are authorization/billing codes, the user doesn’t know if the product is ready or not.  Advantages are it sets the stage for downloading imagery when Sylvan Maps can handle it, and it doesn’t flood the users email with possibly unwanted data.

· Either way the software must do all the work, the users aren’t very computer literate.

2. Put the whole package into an automated routine – all the way from data acquisition to delivery.  Possibly we want a QC step before we actually ship, but this needs to be as hands off as possible.

3. Come up with a cost structure

4. Sell the package to fishermen.  

7.07 Ocean Color 

7.08 Primary Productivity 

Measurement Technique

Figure 1. Percentage of sunlight backscattered from upper ocean layers as a function of wavelength in nanometers (CZCS observing wavelengths in boldface), under three conditions: (A) clear open ocean water, low phytoplankton concentration; (B) moderate phytoplankton bloom, open ocean; (C) turbid coastal waters containing sediment as well as phytoplankton.
Simple, semi-empirical equations can be used to estimate the concentration of chlorophyll-a and its degradation products from satellite measurements of backscattered sunlight at three wavebands centered at 443, 520, and 550 nm, covering the blue and green regions of the spectrum (See figure, left).  These radiances are not merely reflected from the sea surface, but are derived from sunlight that has entered the ocean, been selectively absorbed, scattered and reflected by phytoplankton and other suspended material in the upper layers, and then backscattered through the surface.  This approach permits quantitative estimates of phytoplankton pigment concentrations within the upper tens of meters of the open ocean, and within somewhat lesser depths in coastal waters.

Sunlight backscattered by the atmosphere contributes 80-90% of the radiance measured by a satellite sensor at these key wavelengths. Such scattering arises from dust particles and other aerosols, and from molecular (Rayleigh) scattering. However, the atmospheric contribution can be calculated and removed if additional measurements are made in the red and near-infrared spectral regions (e.g., 670 and 750 nm).  Since blue ocean water reflects very little radiation at these longer wavelengths, the radiance measured is due almost entirely to scattering by the atmosphere.  Long-wavelength measurements, combined with the predictions of models of atmospheric properties, can therefore be used to remove the contribution to the signal from aerosol and molecular scattering.

Embodying this approach, the CZCS measured reflected sunlight at 443, 520, 550, 670, and 750 nm with a spatial resolution of about 1 km across a swath 2200 km wide.  An additional thermal-infrared spectral channel, at 11.5 microns, was included as well to permit concurrent measurements of sea-surface temperature. This pioneering instrument recorded over 60,000 two-minute ocean scenes over its extended 8-year mission lifetime, laying the foundation for systematic studies of ocean color from space.

Suspended sediment, detritus, and pigments other than chlorophyll also affect the spectrum of backscattered sunlight.  When reflectance by these substances contributes a relatively high fraction of the total signal, as in the cases of some coastal waters, the semi-empirical equations used to estimate phytoplankton concentrations from CZCS measurements yield unreliable results.  Research is underway to develop equations that can distinguish detrital, sediment, and phytoplankton signatures in observations of coastal waters.  The application of these new equations requires measurements in more spectral channels than were provided by CZCS.

7.09 Turbidity 

7.10 Wave Height and Direction 

7.11 Altimetry

7.12 Currents 

7.13 Sea Ice

7.14 Drifter Buoys

7.15 Buoys

7.16 Weather 

8.0 Closing

Appendix A: Resources

A.1 Satellites

ADEOS – (Japanese) Launched in 1996 (?) Failed June 1997

Advanced Earth Observing Satellite

Revisit 41 days / 585 revolutions

AVNIR – Advanced Visible and Near Infrared

OCTS – Ocean Color and Temperature Scanner

ADEOS2 – (Japanese) Planned 1999

GLI – Global Imager

34 Channels UV to TIR

1 km resolution

2000 km swath

ENVISAT – (European) Planned 1998 (?) / 2000 (?)

Revisit 35 days

MERIS – Medium Resolution Imaging Spectrometer

0.4 (m to 1.04 (m  (Vis to NIR) 

0.25 Km @ Nadir to 1 km off Nadir

1450 km swath

EOS-AM / EOS-PM  – (USA)  Planned 1998  / 2000 (?)

Earth Observation Satellite

MODIS – Medium Resolution Imaging Spectrometer

36 bands 0.4 (m to 15 (m  (Vis to TIR) 

Ch 1-2, 250 m, Ch 3-7 500 m, Ch 8-36 1km resolution

2330 km swath

MOS-1 (-1b) – (Japanese) Launched 1987 (1990)

Marine Observation Satellite

17 Day Revisit (237 revolutions)

VTIR – Visible and Thermal Infrared Radiometer

4 bands Vis to TIR

900 m Vis , 2700 m TIR resolution

MESSR – Multispectral Electronic Self-Scanning Radiometer

4 bands 0.51 (m to 1.1 (m  (Vis to NIR)

50 m resolution

IRS-P2 – (India) Launched 1994 (Operational ?) – Also flown on MIR

Indian Remote Sensing Satellite

Revisit 22 days / 307 revolutions

MOS - Multispectral Optoelectronic Scanner (DLR – Germany)

0.4 (m to 1.1 (m  (Vis to NIR)

1.5 km resolution

Okean-O – (Russia) – Last Launched 1994 (6 month designlife)

Seasat – (USA) Launched 1978 – failed in 106 days

SMMR – Scanning Multichannel Microwave Radiometer

SeaStar – (USA) Launched 1997
Revisit 16 days / 233 revolutions

Data owned by Orbital Sciences Corporation – Free Research license through NASA – 15 day delay

SeaWiFS – 

0.4 (m to 0.885 (m  (Vis to NIR) 

1.1 km LAC (Local Area Coverage) – 4.5 km GAC

1450 km swath

Nimbus-7 – (USA) Launched 1978 – 1988

SMMR – Scanning Multichannel Microwave Radiometer

A.2 Raw Data Sources

EODIS Data Active Archive Centers

A.3 Processed Data and Derived Products Sources

1. NFMOC

2. CCAR

3. NRL

A.4 Research Centers

A.4.1 Satellite

A.4.2 Oceanography

A.4.3 Fish

A.4.4 Meteorology

Appendix B: Data Formats, Conversion Utilities, Viewers

1. GRIB data format

Subject: GRIB - Gridded Binary

Type: General data format

Maintainer: World Meteorological Organization (WMO)

GRIB is the standard format for the storage and interchange of meteorological data. Several "flavors" of GRIB exist, prompting the original format to be called WMO GRIB. The format specification and software may be found at:

ftp://ncardata.ucar.edu/libraries/grib/
ftp://nic.fb4.noaa.gov/pub/nws/nmc/docs/gribguide/guide.txt
The specification for the ECMWF GRIB format is at:

ftp://ncardata.ucar.edu/datasets/ds111.2/format
ftp://ncardata.ucar.edu/datasets/ds111.2/software
UW-NMS Home Page  http://java.meteor.wisc.edu/
2. Hierarchical Data Format (HDF)

Free HDF Browser: http://www.hdfinfo.com/
HDF is an object-oriented interchange file format used to transport image data from one machine architecture or operating system to another with no conversion problems or loss of data.  Both 8- and 24-bit raster images are supported, color palettes, and data compression (RLE, Incomp, and JPEG).

The latest version of HDF is 3.3 and comes with a complete library of functions for manipulating HDF files, including the netCDF library by Unidata.

Information on HDF is available from The HDF Information Server maintained by the National Center for Supercomputing Applications: http://hdf.ncsa.uiuc.edu:8001/
The HDF FAQ is located at: http://hdf.ncsa.uiuc.edu:8001/HDF-FAQ.html
Other HDF-related Web sites include:

Hierarchical Data Format (HDF) http://www.ncsa.uiuc.edu/SDG/Software/HDF/HDFIntro.html
The HDU 3.3 User's Guide in both PostScript and MIF format:

ftp://ftp.ncsa.uiuc.edu/HDF/Documentation/HDF3.3/Users_Guide/HDF3
Source code for HDF may be FTP’ed from: ftp://ftp.ncsa.uiuc.edu/HDF
HDF-related discussions may also be found on the Usenet newsgroup sci.data.formats and in the FAQ for that newsgroup
3. Coast Watch Software

The CoastWatch satellite imagery uses a special compression format, which contains the image, coastline and lat./long.  graphics, and header information. Thus, a program is needed which will decompress the image data and separate the other information for use with the imagery.  Also, even though the images can be converted to 8-bit raster files and displayed with any image processing program, the use of those images for temperature analysis are limited. 

A number of computer programs have been developed, both in-house and by CoastWatch users, which facilitate the use of the sea-surface temperature and albedo imagery.  These are also available on the CoastWatch ftp site(http://cwatchwc.ucsd.edu/software.html), in the directory [CWATCH.CSOFT].  Here is a list of the available software and a short description of each. 

   DECCON.ZIP

The best and most versatile decompression program for CoastWatch images allows the user to decide on data ranges, interactive or batch processing, and options for dealing with header and graphics. 

   CCOAST.EXE

The most recent version of CCOAST viewing and analysis software; bigger and better with more features.  Also uses more expanded memory than previous versions.  This is written to run on IBM-PC type platforms, and requires a 640 x 480 VGA display capable of 256 colors, and 8 megabytes of RAM. 

   FONTS.EXE

The latest collection of type fonts that are used by the CCOAST display and analysis software. 

   CWIPS.ZIP

A decompression and PostScript printing program, for CoastWatch imagery; makes a nice hard-copy with the

NOAA/CoastWatch logo, image header information, and a temperature or albedo scale alongside the print. 

   CW_SATIMG

A CoastWatch viewer/analysis application, written in IDL (Interactive Display Language, by Research Systems, Inc.).  This is a graphic user interface application with many interesting features; requires an IDL license. 

DISCLAIMER: Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the U.S. Government. 

   VIEW_HDF.PRO

A simple program, in IDL, for viewing files that are in HDF format. 

   IDIDAS1.ZIP

The most ancient of CoastWatch programs; still a good workhorse, but requires a second monitor and a special graphics board.  Great if you already own it, but too expensive in today's graphics market for what it delivers. 

   IDIDAS2.ZIP

IDIDAS volume 2 

   IDIDAS3.ZIP

IDIDAS volume 3 

   ID3DOC.ZIP

Complete IDIDAS documentation 

   IDEXTRAS.ZIP

Call-able IDIDAS routines that never made it into the main program. 

   VGALOAD.ZIP

A very good, simple viewer for CoastWatch images, for regular VGA monitor; written by the author of IDIDAS.  This program decompresses the image, header, and graphics and displays the image with an adjustable temperature bar and instant data readout. 

   LVIEW31.ZIP

Shareware generic image viewer 

   Image Management System - NE CoastWatch Node

THE PRODUCTS AVAILABLE AT THIS WEB SITE ARE NOT INTENDED FOR AND SHOULD NOT BE USED FOR NAVIGATION OR OTHER POTENTIALLY HAZARDOUS ACTIVITIES.  IN NO EVENT SHALL THE US GOVERNMENT OR ITS CONTRACTORS BE LIABLE TO ANY PARTY FOR DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF THIS SOFTWARE AND ITS DOCUMENTATION, DATA PRODUCTS, OR DIGITAL IMAGERY.  (INCLUDING, BUT NOT LIMITED TO, LOST PROFITS)  EVEN IF US GOVERNMENT OR ITS CONTRACTORS HAVE BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

4. JPL – PODAAC - Software

HDF Software provided in C, FORTRAN AND IDL available in the    pub/sea_surface_temperature/avhrr/mcsst/software/hdf directory 

Binary Software provided in FORTRAN and IDL available in the                                pub/sea_surface_temperature/avhrr/mcsst/software/binary directory 

SUBSET DATA HDF Software under development Binary Software provided in Fortran available in the pub/sea_surface_temperature/avhrr/subsetting directory

Appendix C: Software

Major Image Processing Software (Windows 95 / NT)

ENVI

Includes IDL programming language – there are many programs written in this available for free download from various sites.

Initial strengths – hyperspectral images

Free 30 day evaluation license

Web site: http://www.rsinc.com/
Email: envi@rsinc.com

ERDAS

Web Site: http://www.erdas.com/
PCI

Web Site: http://www.pci.on.ca/
Limited (Inexpensive) Image Processing packages

AirPhoto

Written for archaeologists – makes pseudo-orthophotos from scanned extreme obliques and superimposes scanned maps on them.  Combines up to 4 maps, does mosaics, color image processing, georectification.

Free 30 day evaluation – 418 DeutschMarks to register (~$250 US)

Download from: http://www.rrz.uni-koeln.de/~al001/basp.html
Chips
Developed at Institute of Geography, U of Copenhagen, Denmark.  Includes routines for processing coarse (meteorological) and high resolution satellite images, but AVHRR routines dominate.  Niels Broge claims that it is very well designed, easy to use, and contains all basic image processing functions.

Price DKK 2500 (~$400 US)

Download from: http://www.geogr.ku.dk/chips/OrderingAndPrices.htm
MiraMon – GIS and Remote Sensing Software

A program for displaying, consulting, and editing raster and vector maps.  Raster data includes: all kinds of remote sensed data, orthophotographs, digital elevation models, grid-based, etc.  It will orthorectify and mosaic.

Supports: bmp, tif, lan, neu, dxf, Export (Arc), and EMF.

Price: < $200?

Web Site: http://www.creaf.uab.es/miramon 

Dragon
Inexpensive Image Processing software – version 5 runs in Windows 3.1, 95, and NT.  The upgrade is $250.  Dragon will enhance, classify, rectify, and analyze image data,

Contact:

Goldin-Rudal Systems, Inc.

Six University Drive, #213

Amherst, Ma. 01002

Fax: 413.549.6401

Tel: 413.253.7340

Email: 3086210@mcimail.com
ftp: ftp://ftp.std.com/pub/dragon
Image Georectification 


Arc View Extensions

Image Warp 1.4 for Windows

Requires Spatial Analyst 1.1

Supports bil, bsq, bip, jpg, tif

Registers and Rectifies images

Image to Shapefile tie

Free Download: http://www.esri.com/
R.I.F.T. Image Resampling and Registration

Supports bmp, jpg

Registers and Rectifies Images

First, Second, and Third order fits

Image to Shapefile tie

Free Download: http://www.esri.com/
Warp Environment Sample Extension (ver. 1.1)
Requires Spatial Analyst

Extends Spatial Analyst to georeference and warp grid datasets

Free Download: http://www.esri.com/
EPPL7 Raster Analysis Extension

Requires EPPL7

$500 from Minnesota Dept of Natural Resources

http://www.dnr.state.mn.us/EPPL7/orderprc/order.htm
Provides raster processing capabilities using EPPL7 within ArcView

CLIP image

Rectify Image

Rotate/Flip Image

Free Download: http://www.dnr.state.mn.us/mis/gis/tools/arcview/extensions/aveppl7/aveppl7.html
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Appendix E: Competitors

Go Fish! Fisheries Prediction Service

Products are SST, Bait Fish Prediction, & Turbidity images (3 separate products)

300 mi x 300 mi area

Go Fish Software to display  --  Free

Daily service plan – pay per product -- $25 each

Limited Subscription – 6 images per month -- $125 / mo  ($20.83 each)

Unlimited Subscription Plan – unlimited access – 

3 months - $495

6 months - $895

9 months - $1,245

12 months - $1,500

Gulf Weather Corporation


Software is free


Unlimited Access for $35/month

Products are SST, Turbidity, and Baitfish

Baitfish calculations are based upon SST, Temperature, and water depth

Areas are Gulf of Mexico, N. Atlantic (East Coast), and the Pacific from southern California through Guatemala

Jennifer Clark's GulfStream Analysisc Charts

Provides near real-time annotated SST images overlaid with SST features. 

                                    Contact: Jennifer Clark

                                    Phone: 301-952-0930

                                    Fax: 301-574-0289

                                    e-mail: gulfstrm@erols.com

http://www.erols.com/gulfstrm/
Ocean Imaging

Near real-time sea surface temperature data from the NOAA AVHRR for the waters surrounding North America. 

                                    Phone: 619-792-8529

                                    Fax: 619-792-8761

                                    e-mail: mhess@oceani.com
http://www.oceani.com/
Sea View Software – Free

Sea View Service – Images updated twice a day, unlimited access - $95/month/area

Telefax – twice per week – analyze temp, color, currents, etc – plot currents, post temps, fax 2 per week – offshore Calif. $55 - $75 / month.  Custom area $140/chart

Roffer's Ocean Fishing Forecasting Service, Inc.

Provides a worldwide fisheries oceanographic consulting service using near real-time SST data. 

                                    Contact: Mitchell A. Roffer

                                    Tel: (800) 677-7633

                                    Fax: (305) 265-9077

                                    e-mail: fish@roffs.com

http://www.roffs.com/
MetMap Prices:


Full system (not including computer) - $4081  10/94



Satellite radio receiver plus software to map current clouds & SST 

Faxed Fishing Forecast Maps  1994-1995 prices

12 Week Plan – 36 images, 3 per week – may go to 5 per week if enough subscribers in 1 area.  $900  (Nominal $25/update)

Seasonal Will Call – 36 images on demand -- $1080  ($30/update)

Special Will Call – 16 images on demand -- $480    ($40/update)

Daily Will Call – single updates -- $50 each

Large Area Will Call – Commercial product -- $100/update/boat

Note:  Roffer’s recommends not using data over 24 hrs old.

Smart Angler – C2C Systems Corporation

Provides fishing software, digital bathymetry, tides, personal geographic database for structure, and real time downloadable SST data.

Software prices:

Marine Data CD  --  $19.95


Contains See-Temp Lite

See Temp (Full Version) 19.95

See Structure (personal geographic database) – $79.95

See Tides (perpetual tide prediction) -- $79.95

Data Prices:

See Bottom (digital bathymetry) -- $79.95 / Area

SST  downloads was $300 per season subscription, currently FREE
http://www.smartangler.com/
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32 F

50 F

90 F

AVHRR

Wavelength (microns)

Radiation (W/m3)

Blackbody Radiation

4.94747126565399E-210

6.06169937665899E-202

7.22390353831117E-186

0.0000001

4.25195774959351E-97

4.70646135742359E-93

5.1378718669313E-85

1E+20

7.84484784331061E-60

3.89632249419606E-57

8.8998101772305E-52

1E+20

2.20351890663029E-41

2.31829959640825E-39

2.42222200710424E-35

0.0000001

2.00679162531094E-30

8.32040569719832E-29

1.36577768138544E-25

0.0000001

3.43468114197555E-23

7.65458431622202E-22

3.65834395570979E-19

1E+20

4.47348106143403E-18

6.39888541934102E-17

0

1E+20

0

0

0

0.0000001

0

0.0000000002

0.0000000114

0.0000000048

0.0000000312

0.0000012638

0.0000003622

0.0000019691

0.0000569821

0.0000127046

0.0000599763

0.0013111774

0.0002496451

0.0010459072

0.0180352518

0.0031187101

0.0117951744

0.1659597465

0.0271679901

0.0940311146

1.1092176046

0.1768378348

0.5663545364

5.7259754278

0.9065595673

2.7112743777

23.9238445847

3.8128355266

10.7298372213

83.8907559989

13.5855927023

36.2054468568

254.0320539105

42.0735361634

106.762705416

679.5610014704

115.6143739982

280.6498033129

1635.6749637277

286.683942008

668.4198325543

3595.7101031682

650.4397294906

1461.7342173059

7308.5741049745

1365.9203603402

2967.7968886851

13876.3391935539

2680.6867196545

5646.4372707836

24821.1335689462

4956.7893272365

10145.7814865865

42130.8314365798

8695.3372541099

17332.0449650594

68275.3285438146

14556.7597624881

28309.317554221

106188.775692453

23374.1172720072

44426.1885178855

159217.21838374

36157.4602682177

67267.4498372699

231034.902875874

54088.1180760592

98630.6560166688

325535.510299675

78502.7676959179

140488.763449371

446706.485133006

110868.043707889

194941.24215208

598495.387333508

152747.19720694

264156.846248319

784676.952497626

205760.833194326

350311.620615598

1008728.52910954

271544.032910694

455525.741574709

1273720.05032867

351702.215474311

581802.508782844

1582222.95048616

447767.949910818

730972.31042152

1936240.67038451

561160.6439247

904643.762601066

2337161.77037451

693150.661710494

1104163.55539668

2785735.28784904

844829.007736347

1330585.88529423

3282066.8871117

1017083.29666524

1584651.76258904

3825633.56519505

1210580.34151016

1866777.98096296

4415314.17917461

1425755.35297049

2177055.13889112

5049432.81301228

1662807.46401458

2515253.81095071

5725811.96007527

1921701.07920843

2880837.77543367

6441832.61393365

2202172.39656279

3272983.1014541

7194498.58976955

2503740.35548487

3690601.86965911

7980502.70168011

2825721.22015683

4132369.33040944

8796292.7637138

3167246.00459262

4596753.37702092

9638135.73788068

3527279.97482881

5082045.31579368

10502178.7004353

3904643.51671497

5586391.0373657

11384505.624148

4298033.72697575

6107821.82571016

12281189.2697794

4706046.16408865

6644284.17418472

13188337.7393312

5127196.27868279

7193668.10666581

14102135.4648215

5559940.12637683

7753833.62187283

15018878.5895955

6002694.04604577

8322634.98784487

15935004.8464793

6453853.06117323

8897942.70967114

16847118.1513916

6911807.8297275

9477663.07641545

17752008.2159626

7374960.02805924

10059755.2628109

18646665.5421231

7841736.10632902

10642246.0183382

19528292.199411

8310599.3969912

11223242.0216611

20394308.8055878

8780060.59422589

11800940.0132219

21242358.1365133

9248686.65145629

12373634.8443153

22070305.7851613

9715108.16686292

12939725.5984339

22876238.2748893

10178025.3438278

13497719.9513288

23658459.0109337

10636212.6252409

14046236.9412101

24415482.4285425

11088522.1083014

14584008.3208891

25146026.6678245

11533885.8505356

15109878.6603839

25849005.0755806

11971317.1788624

15622804.3624158

26523516.8041661

12399911.112247

16121851.7450399

27168836.7475907

12818844.0053087

16606194.3359956

27784405.026233

13227372.5156309

17075109.5127513

28369816.2041485

13624831.99186

17527974.6110825

28924808.397295

14010634.3732921

17964262.6136914

29449252.4072712

14384265.6848112

18383537.5191462

29943140.9934591

14745283.2039932

18785449.4804756

30406578.3768079

15093312.3700895

19169729.7922699

30839770.0508616

15428043.4976184

19536185.795225

31243012.9599595

15749228.3505182

19884695.7577871

31616686.090711

16056676.6263367

20215203.7859744

31961241.5107772

16350252.3938159

20527714.804569

32277195.8785182

16629870.5215077

20822289.645712

32565122.4380896

16895493.1297506

21099040.2744618

32825643.5069333

17147126.0934695

21358125.1750865

33059423.4561831

17384815.6188117

21599744.9167082

33267162.1791747

17608644.9126129

21824137.9123726

33449589.0388734

17818730.9600714

22031576.3816347

33607457.2815145

18015221.4227798

22222362.5232924

33741538.900973

18198291.6664033

22396824.9019152

33852619.9362512

18368141.9247741

22555315.0492691

33941496.1829032

18524994.6049711

22698204.2795837

34008969.2981214

18669091.7360418

22825880.7158025

34055843.2785291

18800692.5623847

22938746.5224772

34082921.2893799

18920071.2814049

23037215.3397504

34091002.8238083

19027514.9238805

23121709.9119196

34080881.1709602

19123321.3744862

23192659.9033234

34053341.1721983

19207797.5291148

23250499.893738

34009157.2451097

19281257.5849805

23295667.5450778

33949091.6556843

19344021.4589734

23328601.9309406

33873893.0197753

19396413.3293351

23349742.0204012

33784295.0157549

19438760.2954352

23359525.3074296

33681015.2911353

19471391.1502287

23358386.5773538

33564754.5468034

19494635.2598498

23346756.8019156

33436195.783417

19508821.5447452

23325062.1546425

33296003.6954074

19514277.556749

23293723.138483

33144824.1989272

19511328.6465523

23253153.817917

32983284.080956

19500297.2161078

23203761.1480382

32811990.7576321

19481502.0506324

23145944.3934157

32631532.1307065

19455257.7250164

23080094.6298649

32442476.5318105

19421874.0796164

23006594.3225913

32245372.7449931

19381655.7605936

22925816.9745039

32040750.0987112

19334901.8201518

22838126.8388342

31829118.6191473

19281905.372235

22743878.6905294

31610969.2373845

19222953.2994525

22643417.6512179

31386774.0435847

19158326.007209

22537079.062865

31156986.5818971

19088297.2212288

22425188.4055506

30922042.1803671

19013133.8248727

22308061.2551012

30682358.3106267

18933095.7328524

22186003.2766002

30438334.9726206

18848435.7981471

22059310.2500768

30190355.1000639

18759399.7491277

21928268.1249432

29938784.9827397

18666226.1540784

21793153.0999984

29683974.7021233

18569146.4104947

21654231.7260622

29426258.5771727

18468384.7567081

21511761.028526

29165955.61745

18364158.3035614

21365988.6473234

28903369.9810365

18256677.0840147

21217152.9920273

28638791.434981

18146144.1187197

21065483.4099663

28372495.8162734

18032755.4957424

20911200.3654348

28104745.4915654

17916700.4627541

20754515.6282358

27835789.814076

17798161.5301388

20595632.4699524

27565865.5763089

17677314.5835904

20434745.8664869

27295197.4573876

17554329.004885

20272042.7055444

27023998.463975

17429367.7996256

20107701.9978604

26752470.3638883

17302587.7308542

19941895.0910902

26480804.1116539

17174139.4575264

19774785.8853856

26209180.2653658

17044167.6769253

19606531.0497819

25937769.3943193

16912811.2701819

19437280.2386134

25666732.4769895

16780203.4501405

19267176.3072586

25396221.2890094

16646471.9108815

19096355.5265939

25126378.7808854

16511738.9782814

18924947.7956085

24857339.4452523

16376121.7610487

18753076.8516961

24589229.6735374

16239732.3017349

18580860.4782027

24322168.1019568

16102677.7272692

18408410.7088626

24056265.9468148

15965060.3986176

18235834.0288055

23791627.3291246

15826978.0592078

18063231.5718642

23528349.5886028

15688523.9818075

17890699.3139548

23266523.5871266

15549787.1135781

17718328.2623368

23006234.0017688

15410852.2190609

17546204.6405987

22747559.6075545

15271800.0208874

17374410.0692421

22490573.5501012

15132707.3380318

17203021.7417679

22235343.608325

14993647.2214521

17032112.5961936

21981932.4474097

14854689.0869889

16861751.4819517

21730397.8622496

14715898.8454157

16692003.3221411

21480793.0115855

14577339.0295525

16522929.2711216

21233166.6430634

14439068.918373

16354586.8674572

20987563.3094515

14301144.6580538

16187030.1822285

20744023.5762558

14163619.3799261

16020309.9627482

20502584.2209771

14026543.3153077

15854473.7717227

20263278.4242556

13889963.9072013

15689566.1219156

20026135.9531499

13753925.9188577

15525628.6063749

19791183.3367952

13618471.5392132

15362700.0242936

19558444.0346874

13483640.4852166

15200816.5025818

19327938.5978346

13349470.1010712

15040011.6132301

19099684.8230179

13215995.4544223

14880316.486552

18873697.9003985

13083249.4295266

14721759.9203946

18649990.5547036

12951262.8174469

14564368.4854105

18428573.1802221

12820064.4033176

14408166.6264868

18209453.9698347

12689681.0507316

14253176.760427

17992639.038298

12560137.7833018

14099419.369986

17778132.5399981

12431457.8634551

13946913.0943547

17565936.7813836

12303662.868515

13795674.8161967

17356052.3282829

12176772.764135

13645719.7453336

17148478.1083041

12050805.9751451

13497061.4991798

16943211.5085107

11925779.4538723

13349712.1800254

16740248.4685623

11801708.7460006

13203682.4492631

16539583.5695005

11678608.0540352

13058981.5986583

16341210.1183579

11556490.2984329

12915617.6187551

16145120.22876

11435367.1764667

12773597.2645136

15951304.8976861

11315249.2188865

12632926.1182704

15759754.0785479

11196145.8444407

12493608.6501131

15570456.750741

11078065.4123228

12355648.2757563

15383400.9858174

10961015.2726055

12219047.4120076

15198574.0104235

10845001.8147244

12083807.5299077

15015962.2661403

10730030.5140724

11949929.2056272

14835551.4663619

10616105.9767663

11817412.1692013

14657326.6503372

10503231.9826434

11686255.351181

14481272.2345021

10391411.5265472

11556456.9272777

14307372.0612184

10280646.8579588

11428014.3610749

14135609.4450343

10170939.5190305

11300924.4448801

13965967.2165774

10062290.3810752

11175183.3387874

13798427.7641849

9954699.67956611

11050786.6080179

13632973.0733719

9848167.0476972

10927729.2586043

13469584.7642369

9742691.54855696

10806005.7714855

13308244.1268953

9638271.70596324

10685610.1350697

13148932.1550333

9534905.53400823

10566535.8763291

12991629.5776658

9432590.56535973

10448776.0904832

12836316.8891821

9331323.87836459

10332323.4693256

12682974.3777579

9231102.12299794

10217170.3282502

12531582.1522088

9131921.54570139

10103308.6320285

12382120.1673588

9033778.01315141

9990730.01938715

12234568.2479924

8936667.0349982

9879425.82643715

12088906.1114567

8840583.78561421

9769387.10899905

11945113.388978

8745523.12488955

9660604.66387095

11803169.6457523

8651479.61811139

9553069.04908242

11663054.3998696

8558447.55496222

9446770.60317667

11524747.1401264

8466420.96767123

9341699.46356099

11388227.3427806

8375393.64835201

9237845.58396501

11253474.4872986

8285359.16555818

9135198.75104393

11120468.0711448

8196310.8800879

9033748.60016291

10989187.6236588

8108241.96006692

8933484.63039747

10859612.7190657

8021145.39533905

8834396.21878316

10731722.9886607

7935014.01119136

8736472.63384671

10605498.1322107

7849840.48144118

8639703.04844941

10480917.9286092

7765617.34091051

8544076.55197266

10357962.2458237

7682336.99731254

8449582.1618738

10236611.0501697

7599991.74257434

8356208.83463989

10116844.4149453

7518573.76361879

8263945.47616573

9998642.52845885

7438075.15262768

8172780.95158108

9881985.70148037

7358487.91680778

8082704.0945518

9766854.37414594

7279803.98767989

7993703.71607757

9653229.12234298

7202015.22991127

7905768.61280916

9541090.66360357

7125113.44971002

7818887.57490611

9430419.8625307

7049090.40279998

7733049.39345568

9321197.73578222

6973937.80199372

7648242.86747273

9213405.45663541

6899647.32438062

7564456.81049936

9107024.3591543

6826210.61814622

7481680.05682243

9002035.9419809

6753619.30903868

7399901.46732646

8898421.87177023

6681865.00649729

7319109.93499836

8796163.98628841

6610939.30945752

7239294.39010015

8695244.29719202

6540833.81184663

7160443.80502475

8595644.99250598

6471540.10778304

7082547.19884979

8497348.43881669

6403049.79649239

7005593.64160306

8400337.1831959

6335354.48695267

6929572.25825348

8304593.95487061

6268445.80228012

6854472.23244016

8210101.66665308

6202315.38386737

6780282.80995198

8116843.41614452

6136954.89528471

6706993.30196957

8024802.48672568

6072356.02595497

6634593.08808086

7933962.34834626

6008510.494612

6563071.61908106

7844306.6581251

5945410.05255248

6492418.41956755

7755819.26077236

5883046.48669032

6422623.09033933

7668484.18884405

5821411.62242241

6353675.31061088

7582285.66283924

5760497.32631433

6285564.84004899

7497208.09114927

5700295.50861427

6218281.52064188

7413236.0698685

5640798.12560282

6151815.27840829

7330354.38247476

5581997.18178617

6086156.1249549

7248547.99938808

5523884.73194012

6021294.15888951

7167802.07741545

5466452.88301157

5957219.56709721

7088101.95908901

5409693.79588417

5893922.62588661

7009433.17190464

5353599.6870146

5831393.7020126

6931781.42746798

5298162.82994537

5769623.25358212

6855132.62055378

5243375.55670012

5708601.83084892

6779472.828085

5189230.25906688

5648320.07690316

6704788.30803726

5135719.38977478

5588768.7282613

6631065.49827402

5082835.46356913

5529938.61536159

6558291.0153177

5030571.05819003

5471820.66297038

6486451.65306175

4978918.81525893

5414405.8905037

6415534.38142803

4927871.44107786

5357685.41226912

6345526.34497415

4877421.70734556

5301650.437632

6276414.86145486

4827562.45179459

5246292.27111048

6208187.42034134

4778286.57875341

5191602.31240311

6140831.68130222

4729587.05963722

5137572.05635303

6074335.47264987

4681456.93337113

5084193.09285231

6008686.78975524

4633889.30674916

5031457.10668992

5943873.7934344

4586877.35473239

4979355.87734663

5879884.80830986

4540414.32068933

4927881.27874009

5816708.32114948

4494493.51658166

4877025.27892302

5754332.97918544

4449108.32309816

4826779.9397374

5692747.58841616

4404252.18973968

4777137.41642746

5631941.11189311

4359918.63485761

4728089.95721403

5571902.66799519

4316101.24564864

4679629.90283273

5512621.52869239

4272793.67810802

4631749.68603845

5454087.11780105

4229989.65694377

4584441.83107829

5396289.00923238

4187682.97545391

4537698.95313512

5339216.92523608

4145867.49536896

4491513.75774398

5282860.73464077

4104537.14666169

4445879.0401829

5227210.45109268

4063685.92732592

4400787.68484046

5172256.23129417

4023307.9031264

4356232.66456144

5117988.37324338

3983397.20732143

4312207.03997253

5064397.31447636

3943948.04035983

4268703.95878952

5011473.63031279

3904954.66955403

4225716.6551076

4959208.03210659

3866411.42873061

4183238.44867611

4907591.36550228

3828312.71785994

4141262.74415922

4856614.6086982

3790653.00266611

4099783.03038374

4806268.8707175

3753426.81421866

4058792.87957539

4756545.38968774

3716628.74850727

4018285.94658457

4707435.53112983

3680253.46600058

3978255.96810292

4658930.78625721

3644295.69119042

3938696.76187157

4611022.77028579

3608750.21212241

3899602.22588215

4563703.22075543

3573611.87991405

3860966.3375715

4516963.9958634

3538875.60826126

3822783.15301098

4470797.07281051

3504536.37293429

3785046.80609122

4425194.5461603

3470589.211264

3747751.5077031

4380148.62621182

3437029.22161922

3710891.54491579

4335651.63738635

3403851.56287614

3674461.28015242

4291696.01662852

3371051.45388038

3638455.15036428

4248274.3118221

3338624.17290259

3602867.66620397

4205379.18022086

3306565.05708817

3567693.41119826

4163003.38689468

3274869.50190191

3532927.04092111

4121139.80319123

3243532.960568

3498563.28216755

4079781.40521349

3212550.94350617

3464596.93212874

4038921.27231316

3181919.01776445

3431022.8575688

3998552.58560029

3151632.80644908

3397835.99400387

3958668.62646924

3121687.98815216

3365031.34488373

3919262.77514097

3092080.29637738

3332603.98077646

3880328.50922201

3062805.51896446

3300549.03855647

3841859.40227994

3033859.49751256

3268861.72059627

3803849.12243568

3005238.12680324

3237537.29396225

3766291.43097243

2976937.35422325

3206571.0896149

3729180.18096149

2948953.17918744

3175958.50161354

3692509.31590482

2921281.65256243

3145694.98632605

3656272.86839449

2893918.87609101

3115776.06164374

3620464.95878885

2866861.0018178

3086197.30620149

3585079.79390557

2840104.23151637

3056954.35860365

3550111.66573136

2813644.81611822

3028042.91665551

3515554.95014849

2787479.05514361

2999458.73660089

3481404.10567787

2761603.29613484

2971197.63236578

3447653.67223882

2736013.93409185

2943255.47480827

3414298.26992526

2710707.41091062

2915628.19097488

3381332.59779845

2685680.21482447

2888311.76336343

3348751.43269597

2660928.87984836

2861302.22919259

3316549.62805704

2636449.98522653

2834595.67967818

3284722.11276396

2612240.15488353

2808188.25931626

3253263.88999955

2588296.05687883

2782076.16517327

3222170.03612061

2564614.4028651

2756255.64618304

3191435.69954708

2541191.9475504

2730723.00245101

3161056.09966692

2518025.48816426

2705474.58456545

3131026.52575658

2495111.86392789

2680506.79291598

3101342.33591683

2472447.95552853

2655816.07701918

3071998.95602385

2450030.68459808

2631398.93485156

3042991.87869551

2427857.0131961

2607251.91218975

3014316.66227262

2405923.94329721

2583371.60195798

2985968.92981497

2384228.51628302

2559754.6435829

2957944.36811213

2362767.81243865

2536397.72235571

2930238.72670874

2341538.95045382

2513297.56880159

2902847.81694422

2320539.08692871

2490450.9580565

2875767.51100663

2299765.41588444

2467854.70925122

2848993.74100074

2279215.16827842

2445505.68490274

2822522.49802982

2258885.61152442

2423400.79031292

2796349.83129138

2238774.04901756

2401536.97297444

2770471.84718632

2218877.81966407

2379911.22198392

2744884.70844164

2199194.297416

2358520.56746232

2719584.63324631

2179720.89081083

2337362.07998251

2694567.89440037

2160455.04251589

2316432.87000396

2669830.8184768

2141394.22887785

2295730.08731456

2645369.7849963

2122535.95947705

2275250.92047952

2621181.22561467

2103877.77668673

2254992.59629728

2597261.62332254

2085417.25523729

2234952.37926242

2573607.51165753

2067152.00178537

2215127.5710355

2550215.47392841

2049079.6544879

2195515.5099198

2527082.1424513

2031197.88258105

2176113.57034491

2504204.19779766

2013504.38596407

2156919.16235708

2481578.36805389

1995996.89478799

2137929.7311163

2459201.42809248

1978673.16904924

2119142.75640011

2437070.19885442

1961530.99818803

2100555.752114

2415181.54664278

1944568.20069162

2082166.26580836

2393532.38242739

1927782.62370237

2063971.87820193

2372119.66116027

1911172.14263053

2045970.20271179

2350940.38110181

1894734.66077187

2028158.88498959

2329991.5831575

1878468.10892987

2010535.6024642

2309270.35022505

1862370.44504281

1993098.06389062

2288773.80655177

1846439.65381532

1975844.00890504

2268499.11710202

1830673.74635468

1958771.20758607

2248443.48693462

1815070.75981171

1941877.46002203

2228604.1605901

1799628.75702614

1925160.59588425

2208978.42148755

1784345.82617659

1908618.47400629

2189563.59133101

1769220.08043501

1892248.98196909

2170357.02952525

1754249.65762555

1876050.03569184

2151356.13260075

1739432.71988791

1860019.57902871

2132558.33364779

1724767.45334495

1844155.58337114

2113961.10175947

1710252.0677748

1828456.04725584

2095561.94148361

1695884.79628711

1812918.99597828

2077358.39228326

1681663.89500367

1797542.48121169

2059348.0280058

1667587.64274318

1782324.58063145

2041528.45636045

1653654.34071025

1767263.39754486

2023897.31840408

1639862.31218849

1752357.06052617

2006452.28803516

1626209.90223772

1737603.72305686

1989191.07149578

1612695.47739522

1723001.56317105

1972111.40688153

1599317.42538104

1708548.783106

1955211.06365921

1586074.15480714

1694243.60895762

1938487.84219217

1572964.09489067

1680084.29034104

1921939.57327324

1559985.69517089

1666069.10005592

1905564.11766503

1547137.42523018

1652196.33375671

1889359.3656476

1534417.7744186

1638464.30962767

1873323.23657323

1521825.25158241

1624871.36806255

1857453.6784284

1509358.3847962

1611415.87134896

1841748.6674026

1497015.72109867

1598096.20335729

1826206.2074641

1484795.82623213

1584910.76923421

1810824.32994242

1472697.28438549

1571857.99510055

1795601.09311744

1460718.69794086

1558936.32775369

1780534.58181503

1448858.68722357

1546144.23437416

1765622.90700917

1437115.89025579

1533480.20223667

1750864.20543032

1425488.96251336

1520942.73842524

1736256.63918006

1413976.57668622

1508530.36955257

1721798.39535183

1402577.42244197

1496241.64148348

1707487.68565771

1391290.20619288

1484075.11906246

1693322.74606111

1380113.65086603

1472029.38584513

1679301.83641534

1369046.49567675

1460103.0438337

1665423.24010783

1358087.49590516

1448294.71321631

1651685.26371008

1347235.42267587

1436603.03211017

1638086.23663313

1336489.06274079

1425026.65630851

1624624.51078846

1325847.21826492

1413564.25903121

1611298.46025435

1315308.70661525

1402214.53067917

1598106.48094742

1304872.36015251

1390976.17859218

1585046.99029947

1294537.02602593

1379847.92681048

1572118.42693936

1284301.56597088

1368828.51583975

1559319.25037996

1274164.85610937

1357916.70241959

1546647.94071008

1264125.78675331

1347111.25929541

1534102.99829118

1254183.26221064

1336410.9749937

1521682.94345898

1244336.2005941

1325814.65360056

1509386.3162297

1234583.5336328

1315321.11454355

1497211.67601097

1224924.20648638

1304929.19237675
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1215357.17756185

1294637.73656897
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1196495.9131624
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1449704.83628493
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1264354.88134837

1438119.18126478

1177991.66583955
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1426647.26129671
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1244648.20232059

1415287.76380742

1159836.56166233

1234936.19282992

1404039.39346031

1150887.53118213
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1133241.80375626
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1187747.76862261
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1107390.26591431
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1098934.03871514

1169493.6489123

1328307.05844499

1090556.82179425

1160495.79049919
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1151582.7954111

1307599.26742731
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1142753.72536412

1297394.54280649

1065890.65398473
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1125343.66587958

1277277.82792275

1049826.04966868
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1267363.63799366

1041905.13526675

1108258.33800839

1257544.11687014

1034057.40749811

1099835.22477131
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1026282.07476162

1091490.64817308

1238184.8356053

1018578.35513913

1083223.74890521

1228642.9867115

1010945.47626563

1075033.67833011
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1209829.75038869

995889.19830466

1058880.68118771
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988464.301109403
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1191370.45183569

981107.248200455

1043025.07556301
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973817.313093693
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1027460.44187444
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1155482.52404814
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1146719.74847346
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1138038.81176486

938349.587928315

997179.193853499

1129438.81240298

931447.588786415

989781.138601387
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1104115.59252633
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960855.999434822

1087622.10838281

897858.617523166

953787.93830424

1079489.42587359

891320.523358605

946783.778006631
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884840.863411565

939842.838947051

1063448.05323897

878419.024451633

932964.449761672

1055537.74319094

872054.400558358

926147.947207259

1047699.95413841

865746.393025029

919392.676052254

1039933.9010575

859494.410263813

912697.988969443

1032238.80865118

853297.86771224

906063.246430164

1024613.91121471

847156.187740991

899487.816600069

1017058.45250305

841068.799563007

892971.075236368

1009571.68560034

835035.139143866

886512.405586581

1002152.8727913

829054.649113423

880111.198288732

994801.285434543

823126.778678703

873766.851272998

987516.203837909

817250.983538012

867478.769664776

980296.917135536

811426.72579626

861246.365689132

973142.723166872

805653.473881474

855069.058576642

966052.928357461

799930.702462479

848946.274470581

959026.847601532

794257.892367742

842877.446335439

952063.804146332

788634.53050535

836862.013866769

945163.129478211

783060.109784113

830899.423402308

938324.163210385

777534.129035769

824989.127834387

931546.252972392

772056.092938283

819130.586523587

924828.754301186

766625.511940213

813323.265213639

918171.030533854

761241.902186136

807566.63594753

911572.452701934

755904.785443126

801860.176984822

905032.399427301

750613.689028238

796203.372720137

898550.256819591

745368.145737027

790595.713602816

892125.418375159

740167.693773042

785036.696057715

885757.284877518

735011.876678322

779525.822407134

879445.264299267

729900.243264845

774062.600793855

873188.771705451

724832.347546938
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866987.229158359

719807.748674625

763277.174898597
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714826.010867901
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854746.716878293
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752676.597067614
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704989.400293072

747444.456248483

842719.240372115
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742257.134379319

836784.017407072

695319.128541272

737114.178281159

830900.418647122

690545.332324408

732015.140017847

825067.912584613

685811.885395112

726959.576828338

819285.973996184

681118.385697821

721947.051059965

813554.083859415

676464.435752875

716977.130102639

807871.729270699

671849.642598547

712049.386323977

802238.403364304

667273.617733848

707163.397005339

796653.60523261

662735.977062147

702318.744278771

791116.839847522

658236.340835546

697515.015064823

785627.617983004

653774.333600026

692751.801011244

780185.456138746

649349.58414135

688028.698432531

774789.876464936

644961.725431699

683345.308250328

769440.40668812

640610.394577053

678701.235934653

764136.580038129

636295.232765278

674096.091445951

758877.935176068

632015.885214937

669529.489177949

753664.016123336

627772.001124789

665001.047901309

748494.372191674

623563.233623985

660510.390708069

743368.557914209

619389.239722944

656057.144956849

738286.132977501

615249.680264893

651640.942218821

733246.662154557

611144.219878075

647261.418224433

728249.715238802

607072.5269286

642918.212810866

723294.866979006

603034.273473941

638610.969870217

718381.697015127

599029.135217064

634339.337298404

713509.78981508

595056.791461174

630102.966944773

708678.734612407

591116.925065081

625901.514562404

703888.125344827

587209.222399166

621734.639759094

699137.560593665

583333.373301949

617602.005949026

694426.643524146

579489.071037236

613503.280305094

689754.981826527

575676.012251852

609438.133711891

685122.187658071

571893.896933938

605406.240719331

680527.877585835

568142.428371822

601407.279496923

675971.672530274

564421.313113423

597440.93178865

671453.197709634

560730.260926227

593506.882868493

666972.082585139

557068.984757783

589604.821496535

662527.960806937

553437.200696731

585734.439875682

658120.47016082

549834.627934365

581895.433608972

653749.25251568

546260.988726693

578087.501657457

649413.953771712

542716.008357025

574310.34629867

645114.223809339

539199.415099044

570563.673085648

640849.716438851

535710.94018038

566847.190806514

636620.089350746

532250.317746672

563160.611444611

632425.004066777

528817.2848261

559503.650139171

628264.12589166

525411.581294398

555876.025146516

624137.123865479

522032.94984033

552277.457801793

620043.670716731

518681.135931624

548707.672481211

615983.442816038

515355.887781362

545166.396564802

611956.120130498

512056.956314808

541653.360399673

607961.386178665

508784.095136688

538168.297263759

603998.927986157

505537.060498891

534710.943330063

600068.436041871

502315.611268609

531281.037631372

596169.604254814

499119.508896884

527878.322025451

592302.129911514

495948.517387585

524502.541160703

588465.713634034

492802.403266783

521153.442442284

584660.059338549

489680.935552539

517830.775998679

580884.874194506

486583.885725078

514534.294648719

577139.868584328

483511.027697369

511263.753869038

573424.756063689

480462.137786075

508018.911761966

569739.253322315

477436.994682903

504799.52902385

566083.080145336

474435.379426312

501605.368913794

562455.959375155

471457.075373605

498436.197222813

558857.616873841

468501.868173377

495291.782243404

555287.781486036

465569.545738326

492171.89473951

551746.185002365

462659.89821842

489076.307916888

548232.562123338

459772.717974414

486004.797393867

544746.650423755

456907.79955171

482957.141172496

541288.190317578

454064.939654556

479933.119610063

537856.925023291

451243.937120585

476932.515391002

534452.600529718

448444.592895683

473955.113499161

531074.965562311

445666.710009178

471000.701190436

527723.771549889

442910.093549354

468069.067965768

524398.772591823

440174.550639289

465160.005544489

521099.725425667

437459.89041299

462273.307838024

517826.38939522

434765.92399185

459408.770923933

514578.526419019

432092.464461401

456566.193020289

511355.900959251

429439.326848371

453745.3744604

508158.279991087

426806.328098031

450946.117667852

504985.432972419

424193.287051841

448168.22713188

501837.131814006

421600.024425374

445411.509383063

498713.150850016

419026.362786531

442675.772969331

495613.266808961

416472.126534032

439960.828432285

492537.258785018

413937.141876183

437266.488283821

489484.908209733

411421.236809909

434592.566983063

486455.998824096

408924.241100068

431938.880913592

483450.31665099

406445.986259014

429305.248360967

480467.649968005

403986.305526433

426691.489490535

477507.789280611

401545.033849425

424097.426325537

474570.527295677

399122.007862847

421522.882725482

471655.658895355

396717.065869906

418967.684364812

468762.981111294

394330.047822989

416431.658711831

465892.2930992

391960.795304749

413914.635007914

463043.396113729

389609.151509422

411416.444246972

460216.093483706

387274.96122438

408936.919155193

457410.190587677

384958.070811924

406475.894171027

454625.49482977

382658.328191298

404033.20542544

451861.815615883

380375.582820939

401608.690722414

449118.964330169

378109.685680941

399202.189519694

446396.754311845

375860.489255747

396813.542909788

443695.000832287

373627.847517057

394442.593601194

441013.521072433

371411.615906945

392089.185899886

438352.134100473

369211.651321198

389753.165691015

435710.660849834

367027.812092853

387434.380420853

433088.924097448

364859.957975947

385132.679078967

430486.748442301

362707.950129468

382847.91218061

427903.960284256

360571.651101505

380579.931749341

425340.387803157

358450.9248136

378328.591299864

422795.860938197

356345.636545287

376093.745821079

420270.211367553

354255.652918832

373875.25175935

417763.272488278

352180.841884158

371672.967001985

415274.879396466

350121.072703956

369486.750860918

412804.86886765

348076.215938986

367316.4640566

410353.079337474

346046.143433557

365161.96870209

407919.350882591

344030.728301179

363023.128287346

405503.525201823

342029.844910412

360899.807663714

403105.445597549

340043.368870865

358791.873028604

400724.956957337

338071.17701939

356699.191910366

398361.905735807

336113.147406431

354621.633153351

396016.139936729

334169.159282547

352559.066903152

393687.509095337

332239.093085099

350511.36459204

391375.864260887

330322.830425107

348478.39892457

389081.057979415

328420.254074253

346460.043863371

386802.944276726

326531.247952061

344456.174615112

384541.378641597

324655.697113221

342466.667616641

382296.218009184

322793.487735075

340491.400521291

380067.320744652

320944.507105252

338530.252185366

377854.546626996

319108.643609454

336583.102654777

375657.756833077

317285.786719395

334649.833151862

373476.81392185

315475.826980882

332730.326062351

371311.581818802

313678.656002043

330824.464922502

369161.925800568

311894.166441693

328932.13440639

367027.712479754

310122.251997856

327053.220313351

364908.809789944

308362.807396406

325187.609555588

362805.086970894

306615.728379859

323335.190145915

360716.41455391

304880.911696295

321495.851185664

358642.664347413

303158.255088418

319669.482852726

356583.709422675

301447.657282744

317855.976389758

354539.424099744

299749.017978919

316055.224092505

352509.683933528

298062.237839168

314267.119298293

350494.365700068

296387.218477873

312491.556374643

348493.34738297

294723.862451267

310728.430708029

346506.50816001

293072.073247263

308977.638692771

344533.728389898

291431.755275398

307239.077720067

342574.889599216

289802.813856895

305512.64616715

340629.874469503

288185.155214856

303798.243386583

338698.566824517

286578.686464554

302095.769695679

336780.85161763

284983.315603857

300405.126366047

334876.614919404

283398.95150376

298726.21561327

332985.743905296

281825.503899023

297058.940586703

331108.126843527

280262.883378932

295403.205359389

329243.653083099

278711.001378165

293758.914918109

327392.21304195

277169.770167761

292125.975153536

325553.698195263

275639.102846204

290504.292850515

323728.001063913

274118.913330607

288893.77567846

321915.015203049

272609.116348003

287294.332181863

320114.635190828

271109.62742674

285705.871770916

318326.756617279

269620.362887973

284128.304712243

316551.276073291

268141.23983726

282561.542119751

314788.091139757

266672.176156256

281005.495945575

313037.10037683

265213.090494502

279460.078971146

311298.203313319

263763.902261316

277925.204798354

309571.300436208

262324.531617776

276400.78784082

307856.293180304

260894.899468791

274886.74331527

306153.083918009

259474.92745528

273382.98723301

304461.575949215

258064.537946424

271889.43639151

302781.673491319

256663.654032022

270406.008366068

301113.281669359

255272.199514933

268932.621501598

299456.306506271

253890.098903601

267469.19490449

297810.654913257

252517.277404671

266015.648434581

296176.234680268

251153.660915695

264571.902697219

294552.95446661

249799.176017912

263137.879035408

292940.723791651

248453.749969123

261713.499522061

291339.453025643

247117.310696641

260298.686952337

289749.053380655

245789.786790323

258893.364836058

288169.436901611

244471.10749569

257497.457390234

286600.516457435

243161.202707118

256110.889531657

285042.205732301

241860.002961108

254733.58686959

283494.419216988

240567.439429642

253365.475698541

281957.072200334

239283.443913604

252006.48299112

280430.080760796

238007.948836286

250656.536390974

278913.361758103

236740.887236964

249315.564205814

277406.832825013

235482.192764546

247983.495400511

275910.412359163

234231.799671299

246660.259590283

274424.019515019

232989.64280664

245345.787033949

272947.574195915

231755.657611006

244040.008627275

271480.997046191

230529.78010979

242742.855896382

270024.20944342

229311.94690734

241454.260991237

268577.133490724

228102.09518104

240174.156679226

267139.692009184

226900.162675448

238902.476338782

265711.80853034

225706.087696503

237639.153953107

264293.407288767

224519.809105798

236384.124103948

262884.413214754

223341.266314922

235137.32196546

261484.751927053

222170.399279857

233898.683298126

260094.349725725

221007.148495448

232668.144442755

258713.133585057

219851.45498993

231445.642314543

257341.031146571

218703.260319518

230231.114397206

255977.970712109

217562.506563059

229024.498737177

254623.881236995

216429.136316742

227825.73393787

253278.692323289

215303.092688871

226634.759154008

251942.334213098

214184.319294694

225451.514086018

250614.737781985

213072.76025129

224275.938974485

249295.834532438

211968.360172515

223107.974594673

247985.556587423

210871.064164005

221947.562251107

246683.83668401

209780.817818233

220794.643772214

245390.608167069

208697.56720962

219649.161505027

244105.804983039

207621.258889707

218511.058309945
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Sheet1

		c		2.998E+08				degrees		degrees		degrees

		h		6.626E-34		F		32		50		90

		k		1.381E-23		C		273		283.0008		305.2248

						wavelength

						(microns)		Radiation in W/m3

						0.0		0.000E+00		0.000E+00		0.000E+00

						0.1		4.947E-210		6.062E-202		7.224E-186

						0.2		4.252E-97		4.706E-93		5.138E-85

						0.3		7.845E-60		3.896E-57		8.900E-52

						0.4		2.204E-41		2.318E-39		2.422E-35

						0.5		2.007E-30		8.320E-29		1.366E-25

						0.6		3.435E-23		7.655E-22		3.658E-19

						0.7		4.473E-18		6.399E-17		1.267E-14

						0.8		2.804E-14		2.876E-13		2.940E-11

						0.9		2.349E-11		1.860E-10		1.137E-08

						1.0		4.844E-09		3.119E-08		1.264E-06

						1.1		3.622E-07		1.969E-06		5.698E-05

						1.2		1.270E-05		5.998E-05		1.311E-03

						1.3		2.496E-04		1.046E-03		1.804E-02

						1.4		3.119E-03		1.180E-02		1.660E-01

						1.5		2.717E-02		9.403E-02		1.109E+00

						1.6		1.768E-01		5.664E-01		5.726E+00

						1.7		9.066E-01		2.711E+00		2.392E+01

						1.8		3.813E+00		1.073E+01		8.389E+01

						1.9		1.359E+01		3.621E+01		2.540E+02

						2.0		4.207E+01		1.068E+02		6.796E+02

						2.1		1.156E+02		2.806E+02		1.636E+03

						2.2		2.867E+02		6.684E+02		3.596E+03

						2.3		6.504E+02		1.462E+03		7.309E+03

						2.4		1.366E+03		2.968E+03		1.388E+04

						2.5		2.681E+03		5.646E+03		2.482E+04

						2.6		4.957E+03		1.015E+04		4.213E+04

						2.7		8.695E+03		1.733E+04		6.828E+04								AVHRR						VIRS						TMI

						2.8		1.456E+04		2.831E+04		1.062E+05

						2.9		2.337E+04		4.443E+04		1.592E+05						0.91		0.0000001				0.63		0.0000001				3500		0.0000001

						3.0		3.616E+04		6.727E+04		2.310E+05						0.91		1.00E+20				0.63		1.00E+20				3500		1.00E+20

						3.1		5.409E+04		9.863E+04		3.255E+05						3.74		1.00E+20				1.6		1.00E+20				8100		1.00E+20

						3.2		7.850E+04		1.405E+05		4.467E+05						3.74		0.0000001				1.6		0.0000001				8100		0.0000001

						3.3		1.109E+05		1.949E+05		5.985E+05						10.8		0.0000001				3.75		0.0000001				14000		0.0000001

						3.4		1.527E+05		2.642E+05		7.847E+05						10.8		1.00E+20				3.75		1.00E+20				14000		1.00E+20

						3.5		2.058E+05		3.503E+05		1.009E+06						12		1.00E+20				10.8		1.00E+20				15000		1.00E+20

						3.6		2.715E+05		4.555E+05		1.274E+06						12		0.0000001				10.8		0.0000001				15000		0.0000001

						3.7		3.517E+05		5.818E+05		1.582E+06												12		0.0000001				28000		0.0000001

						3.8		4.478E+05		7.310E+05		1.936E+06												12		1.00E+20				28000		1.00E+20

						3.9		5.612E+05		9.046E+05		2.337E+06

						4.0		6.932E+05		1.104E+06		2.786E+06

						4.1		8.448E+05		1.331E+06		3.282E+06

						4.2		1.017E+06		1.585E+06		3.826E+06

						4.3		1.211E+06		1.867E+06		4.415E+06

						4.4		1.426E+06		2.177E+06		5.049E+06

						4.5		1.663E+06		2.515E+06		5.726E+06

						4.6		1.922E+06		2.881E+06		6.442E+06

						4.7		2.202E+06		3.273E+06		7.194E+06

						4.8		2.504E+06		3.691E+06		7.981E+06

						4.9		2.826E+06		4.132E+06		8.796E+06

						5.0		3.167E+06		4.597E+06		9.638E+06

						5.1		3.527E+06		5.082E+06		1.050E+07

						5.2		3.905E+06		5.586E+06		1.138E+07

						5.3		4.298E+06		6.108E+06		1.228E+07

						5.4		4.706E+06		6.644E+06		1.319E+07

						5.5		5.127E+06		7.194E+06		1.410E+07

						5.6		5.560E+06		7.754E+06		1.502E+07

						5.7		6.003E+06		8.323E+06		1.594E+07

						5.8		6.454E+06		8.898E+06		1.685E+07

						5.9		6.912E+06		9.478E+06		1.775E+07

						6.0		7.375E+06		1.006E+07		1.865E+07

						6.1		7.842E+06		1.064E+07		1.953E+07

						6.2		8.311E+06		1.122E+07		2.039E+07

						6.3		8.780E+06		1.180E+07		2.124E+07

						6.4		9.249E+06		1.237E+07		2.207E+07

						6.5		9.715E+06		1.294E+07		2.288E+07

						6.6		1.018E+07		1.350E+07		2.366E+07

						6.7		1.064E+07		1.405E+07		2.442E+07

						6.8		1.109E+07		1.458E+07		2.515E+07

						6.9		1.153E+07		1.511E+07		2.585E+07

						7.0		1.197E+07		1.562E+07		2.652E+07

						7.1		1.240E+07		1.612E+07		2.717E+07

						7.2		1.282E+07		1.661E+07		2.778E+07

						7.3		1.323E+07		1.708E+07		2.837E+07

						7.4		1.362E+07		1.753E+07		2.892E+07

						7.5		1.401E+07		1.796E+07		2.945E+07

						7.6		1.438E+07		1.838E+07		2.994E+07

						7.7		1.475E+07		1.879E+07		3.041E+07

						7.8		1.509E+07		1.917E+07		3.084E+07

						7.9		1.543E+07		1.954E+07		3.124E+07

						8.0		1.575E+07		1.988E+07		3.162E+07

						8.1		1.606E+07		2.022E+07		3.196E+07

						8.2		1.635E+07		2.053E+07		3.228E+07

						8.3		1.663E+07		2.082E+07		3.257E+07

						8.4		1.690E+07		2.110E+07		3.283E+07

						8.5		1.715E+07		2.136E+07		3.306E+07

						8.6		1.738E+07		2.160E+07		3.327E+07

						8.7		1.761E+07		2.182E+07		3.345E+07

						8.8		1.782E+07		2.203E+07		3.361E+07

						8.9		1.802E+07		2.222E+07		3.374E+07

						9.0		1.820E+07		2.240E+07		3.385E+07

						9.1		1.837E+07		2.256E+07		3.394E+07

						9.2		1.852E+07		2.270E+07		3.401E+07

						9.3		1.867E+07		2.283E+07		3.406E+07

						9.4		1.880E+07		2.294E+07		3.408E+07

						9.5		1.892E+07		2.304E+07		3.409E+07

						9.6		1.903E+07		2.312E+07		3.408E+07

						9.7		1.912E+07		2.319E+07		3.405E+07

						9.8		1.921E+07		2.325E+07		3.401E+07

						9.9		1.928E+07		2.330E+07		3.395E+07

						10.0		1.934E+07		2.333E+07		3.387E+07

						10.1		1.940E+07		2.335E+07		3.378E+07

						10.2		1.944E+07		2.336E+07		3.368E+07

						10.3		1.947E+07		2.336E+07		3.356E+07

						10.4		1.949E+07		2.335E+07		3.344E+07

						10.5		1.951E+07		2.333E+07		3.330E+07

						10.6		1.951E+07		2.329E+07		3.314E+07

						10.7		1.951E+07		2.325E+07		3.298E+07

						10.8		1.950E+07		2.320E+07		3.281E+07

						10.9		1.948E+07		2.315E+07		3.263E+07

						11.0		1.946E+07		2.308E+07		3.244E+07

						11.1		1.942E+07		2.301E+07		3.225E+07

						11.2		1.938E+07		2.293E+07		3.204E+07

						11.3		1.933E+07		2.284E+07		3.183E+07

						11.4		1.928E+07		2.274E+07		3.161E+07

						11.5		1.922E+07		2.264E+07		3.139E+07

						11.6		1.916E+07		2.254E+07		3.116E+07

						11.7		1.909E+07		2.243E+07		3.092E+07

						11.8		1.901E+07		2.231E+07		3.068E+07

						11.9		1.893E+07		2.219E+07		3.044E+07

						12.0		1.885E+07		2.206E+07		3.019E+07

						12.1		1.876E+07		2.193E+07		2.994E+07

						12.2		1.867E+07		2.179E+07		2.968E+07

						12.3		1.857E+07		2.165E+07		2.943E+07

						12.4		1.847E+07		2.151E+07		2.917E+07

						12.5		1.836E+07		2.137E+07		2.890E+07

						12.6		1.826E+07		2.122E+07		2.864E+07

						12.7		1.815E+07		2.107E+07		2.837E+07

						12.8		1.803E+07		2.091E+07		2.810E+07

						12.9		1.792E+07		2.075E+07		2.784E+07

						13.0		1.780E+07		2.060E+07		2.757E+07

						13.1		1.768E+07		2.043E+07		2.730E+07

						13.2		1.755E+07		2.027E+07		2.702E+07

						13.3		1.743E+07		2.011E+07		2.675E+07

						13.4		1.730E+07		1.994E+07		2.648E+07

						13.5		1.717E+07		1.977E+07		2.621E+07

						13.6		1.704E+07		1.961E+07		2.594E+07

						13.7		1.691E+07		1.944E+07		2.567E+07

						13.8		1.678E+07		1.927E+07		2.540E+07

						13.9		1.665E+07		1.910E+07		2.513E+07

						14.0		1.651E+07		1.892E+07		2.486E+07

						14.1		1.638E+07		1.875E+07		2.459E+07

						14.2		1.624E+07		1.858E+07		2.432E+07

						14.3		1.610E+07		1.841E+07		2.406E+07

						14.4		1.597E+07		1.824E+07		2.379E+07

						14.5		1.583E+07		1.806E+07		2.353E+07

						14.6		1.569E+07		1.789E+07		2.327E+07

						14.7		1.555E+07		1.772E+07		2.301E+07

						14.8		1.541E+07		1.755E+07		2.275E+07

						14.9		1.527E+07		1.737E+07		2.249E+07

						15.0		1.513E+07		1.720E+07		2.224E+07

						15.1		1.499E+07		1.703E+07		2.198E+07

						15.2		1.485E+07		1.686E+07		2.173E+07

						15.3		1.472E+07		1.669E+07		2.148E+07

						15.4		1.458E+07		1.652E+07		2.123E+07

						15.5		1.444E+07		1.635E+07		2.099E+07

						15.6		1.430E+07		1.619E+07		2.074E+07

						15.7		1.416E+07		1.602E+07		2.050E+07

						15.8		1.403E+07		1.585E+07		2.026E+07

						15.9		1.389E+07		1.569E+07		2.003E+07

						16.0		1.375E+07		1.553E+07		1.979E+07

						16.1		1.362E+07		1.536E+07		1.956E+07

						16.2		1.348E+07		1.520E+07		1.933E+07

						16.3		1.335E+07		1.504E+07		1.910E+07

						16.4		1.322E+07		1.488E+07		1.887E+07

						16.5		1.308E+07		1.472E+07		1.865E+07

						16.6		1.295E+07		1.456E+07		1.843E+07

						16.7		1.282E+07		1.441E+07		1.821E+07

						16.8		1.269E+07		1.425E+07		1.799E+07

						16.9		1.256E+07		1.410E+07		1.778E+07

						17.0		1.243E+07		1.395E+07		1.757E+07

						17.1		1.230E+07		1.380E+07		1.736E+07

						17.2		1.218E+07		1.365E+07		1.715E+07

						17.3		1.205E+07		1.350E+07		1.694E+07

						17.4		1.193E+07		1.335E+07		1.674E+07

						17.5		1.180E+07		1.320E+07		1.654E+07

						17.6		1.168E+07		1.306E+07		1.634E+07

						17.7		1.156E+07		1.292E+07		1.615E+07

						17.8		1.144E+07		1.277E+07		1.595E+07

						17.9		1.132E+07		1.263E+07		1.576E+07

						18.0		1.120E+07		1.249E+07		1.557E+07

						18.1		1.108E+07		1.236E+07		1.538E+07

						18.2		1.096E+07		1.222E+07		1.520E+07

						18.3		1.085E+07		1.208E+07		1.502E+07

						18.4		1.073E+07		1.195E+07		1.484E+07

						18.5		1.062E+07		1.182E+07		1.466E+07

						18.6		1.050E+07		1.169E+07		1.448E+07

						18.7		1.039E+07		1.156E+07		1.431E+07

						18.8		1.028E+07		1.143E+07		1.414E+07

						18.9		1.017E+07		1.130E+07		1.397E+07

						19.0		1.006E+07		1.118E+07		1.380E+07

						19.1		9.955E+06		1.105E+07		1.363E+07

						19.2		9.848E+06		1.093E+07		1.347E+07

						19.3		9.743E+06		1.081E+07		1.331E+07

						19.4		9.638E+06		1.069E+07		1.315E+07

						19.5		9.535E+06		1.057E+07		1.299E+07

						19.6		9.433E+06		1.045E+07		1.284E+07

						19.7		9.331E+06		1.033E+07		1.268E+07

						19.8		9.231E+06		1.022E+07		1.253E+07

						19.9		9.132E+06		1.010E+07		1.238E+07

						20.0		9.034E+06		9.991E+06		1.223E+07

						20.1		8.937E+06		9.879E+06		1.209E+07

						20.2		8.841E+06		9.769E+06		1.195E+07

						20.3		8.746E+06		9.661E+06		1.180E+07

						20.4		8.651E+06		9.553E+06		1.166E+07

						20.5		8.558E+06		9.447E+06		1.152E+07

						20.6		8.466E+06		9.342E+06		1.139E+07

						20.7		8.375E+06		9.238E+06		1.125E+07

						20.8		8.285E+06		9.135E+06		1.112E+07

						20.9		8.196E+06		9.034E+06		1.099E+07

						21.0		8.108E+06		8.933E+06		1.086E+07

						21.1		8.021E+06		8.834E+06		1.073E+07

						21.2		7.935E+06		8.736E+06		1.061E+07

						21.3		7.850E+06		8.640E+06		1.048E+07

						21.4		7.766E+06		8.544E+06		1.036E+07

						21.5		7.682E+06		8.450E+06		1.024E+07

						21.6		7.600E+06		8.356E+06		1.012E+07

						21.7		7.519E+06		8.264E+06		9.999E+06

						21.8		7.438E+06		8.173E+06		9.882E+06

						21.9		7.358E+06		8.083E+06		9.767E+06

						22.0		7.280E+06		7.994E+06		9.653E+06

						22.1		7.202E+06		7.906E+06		9.541E+06

						22.2		7.125E+06		7.819E+06		9.430E+06

						22.3		7.049E+06		7.733E+06		9.321E+06

						22.4		6.974E+06		7.648E+06		9.213E+06

						22.5		6.900E+06		7.564E+06		9.107E+06

						22.6		6.826E+06		7.482E+06		9.002E+06

						22.7		6.754E+06		7.400E+06		8.898E+06

						22.8		6.682E+06		7.319E+06		8.796E+06

						22.9		6.611E+06		7.239E+06		8.695E+06

						23.0		6.541E+06		7.160E+06		8.596E+06

						23.1		6.472E+06		7.083E+06		8.497E+06

						23.2		6.403E+06		7.006E+06		8.400E+06

						23.3		6.335E+06		6.930E+06		8.305E+06

						23.4		6.268E+06		6.854E+06		8.210E+06

						23.5		6.202E+06		6.780E+06		8.117E+06

						23.6		6.137E+06		6.707E+06		8.025E+06

						23.7		6.072E+06		6.635E+06		7.934E+06

						23.8		6.009E+06		6.563E+06		7.844E+06

						23.9		5.945E+06		6.492E+06		7.756E+06

						24.0		5.883E+06		6.423E+06		7.668E+06

						24.1		5.821E+06		6.354E+06		7.582E+06

						24.2		5.760E+06		6.286E+06		7.497E+06

						24.3		5.700E+06		6.218E+06		7.413E+06

						24.4		5.641E+06		6.152E+06		7.330E+06

						24.5		5.582E+06		6.086E+06		7.249E+06

						24.6		5.524E+06		6.021E+06		7.168E+06

						24.7		5.466E+06		5.957E+06		7.088E+06

						24.8		5.410E+06		5.894E+06		7.009E+06

						24.9		5.354E+06		5.831E+06		6.932E+06

						25.0		5.298E+06		5.770E+06		6.855E+06

						25.1		5.243E+06		5.709E+06		6.779E+06

						25.2		5.189E+06		5.648E+06		6.705E+06

						25.3		5.136E+06		5.589E+06		6.631E+06

						25.4		5.083E+06		5.530E+06		6.558E+06

						25.5		5.031E+06		5.472E+06		6.486E+06

						25.6		4.979E+06		5.414E+06		6.416E+06

						25.7		4.928E+06		5.358E+06		6.346E+06

						25.8		4.877E+06		5.302E+06		6.276E+06

						25.9		4.828E+06		5.246E+06		6.208E+06

						26.0		4.778E+06		5.192E+06		6.141E+06

						26.1		4.730E+06		5.138E+06		6.074E+06

						26.2		4.681E+06		5.084E+06		6.009E+06

						26.3		4.634E+06		5.031E+06		5.944E+06

						26.4		4.587E+06		4.979E+06		5.880E+06

						26.5		4.540E+06		4.928E+06		5.817E+06

						26.6		4.494E+06		4.877E+06		5.754E+06

						26.7		4.449E+06		4.827E+06		5.693E+06

						26.8		4.404E+06		4.777E+06		5.632E+06

						26.9		4.360E+06		4.728E+06		5.572E+06

						27.0		4.316E+06		4.680E+06		5.513E+06

						27.1		4.273E+06		4.632E+06		5.454E+06

						27.2		4.230E+06		4.584E+06		5.396E+06

						27.3		4.188E+06		4.538E+06		5.339E+06

						27.4		4.146E+06		4.492E+06		5.283E+06

						27.5		4.105E+06		4.446E+06		5.227E+06

						27.6		4.064E+06		4.401E+06		5.172E+06

						27.7		4.023E+06		4.356E+06		5.118E+06

						27.8		3.983E+06		4.312E+06		5.064E+06

						27.9		3.944E+06		4.269E+06		5.011E+06

						28.0		3.905E+06		4.226E+06		4.959E+06

						28.1		3.866E+06		4.183E+06		4.908E+06

						28.2		3.828E+06		4.141E+06		4.857E+06

						28.3		3.791E+06		4.100E+06		4.806E+06

						28.4		3.753E+06		4.059E+06		4.757E+06

						28.5		3.717E+06		4.018E+06		4.707E+06

						28.6		3.680E+06		3.978E+06		4.659E+06

						28.7		3.644E+06		3.939E+06		4.611E+06

						28.8		3.609E+06		3.900E+06		4.564E+06

						28.9		3.574E+06		3.861E+06		4.517E+06

						29.0		3.539E+06		3.823E+06		4.471E+06

						29.1		3.505E+06		3.785E+06		4.425E+06

						29.2		3.471E+06		3.748E+06		4.380E+06

						29.3		3.437E+06		3.711E+06		4.336E+06

						29.4		3.404E+06		3.674E+06		4.292E+06

						29.5		3.371E+06		3.638E+06		4.248E+06

						29.6		3.339E+06		3.603E+06		4.205E+06

						29.7		3.307E+06		3.568E+06		4.163E+06

						29.8		3.275E+06		3.533E+06		4.121E+06

						29.9		3.244E+06		3.499E+06		4.080E+06

						30.0		3.213E+06		3.465E+06		4.039E+06

						30.1		3.182E+06		3.431E+06		3.999E+06

						30.2		3.152E+06		3.398E+06		3.959E+06

						30.3		3.122E+06		3.365E+06		3.919E+06

						30.4		3.092E+06		3.333E+06		3.880E+06

						30.5		3.063E+06		3.301E+06		3.842E+06

						30.6		3.034E+06		3.269E+06		3.804E+06

						30.7		3.005E+06		3.238E+06		3.766E+06

						30.8		2.977E+06		3.207E+06		3.729E+06

						30.9		2.949E+06		3.176E+06		3.693E+06

						31.0		2.921E+06		3.146E+06		3.656E+06

						31.1		2.894E+06		3.116E+06		3.620E+06

						31.2		2.867E+06		3.086E+06		3.585E+06

						31.3		2.840E+06		3.057E+06		3.550E+06

						31.4		2.814E+06		3.028E+06		3.516E+06

						31.5		2.787E+06		2.999E+06		3.481E+06

						31.6		2.762E+06		2.971E+06		3.448E+06

						31.7		2.736E+06		2.943E+06		3.414E+06

						31.8		2.711E+06		2.916E+06		3.381E+06

						31.9		2.686E+06		2.888E+06		3.349E+06

						32.0		2.661E+06		2.861E+06		3.317E+06

						32.1		2.636E+06		2.835E+06		3.285E+06

						32.2		2.612E+06		2.808E+06		3.253E+06

						32.3		2.588E+06		2.782E+06		3.222E+06

						32.4		2.565E+06		2.756E+06		3.191E+06

						32.5		2.541E+06		2.731E+06		3.161E+06

						32.6		2.518E+06		2.705E+06		3.131E+06

						32.7		2.495E+06		2.681E+06		3.101E+06

						32.8		2.472E+06		2.656E+06		3.072E+06

						32.9		2.450E+06		2.631E+06		3.043E+06

						33.0		2.428E+06		2.607E+06		3.014E+06

						33.1		2.406E+06		2.583E+06		2.986E+06

						33.2		2.384E+06		2.560E+06		2.958E+06

						33.3		2.363E+06		2.536E+06		2.930E+06

						33.4		2.342E+06		2.513E+06		2.903E+06

						33.5		2.321E+06		2.490E+06		2.876E+06

						33.6		2.300E+06		2.468E+06		2.849E+06

						33.7		2.279E+06		2.446E+06		2.823E+06

						33.8		2.259E+06		2.423E+06		2.796E+06

						33.9		2.239E+06		2.402E+06		2.770E+06

						34.0		2.219E+06		2.380E+06		2.745E+06

						34.1		2.199E+06		2.359E+06		2.720E+06

						34.2		2.180E+06		2.337E+06		2.695E+06

						34.3		2.160E+06		2.316E+06		2.670E+06

						34.4		2.141E+06		2.296E+06		2.645E+06

						34.5		2.123E+06		2.275E+06		2.621E+06

						34.6		2.104E+06		2.255E+06		2.597E+06

						34.7		2.085E+06		2.235E+06		2.574E+06

						34.8		2.067E+06		2.215E+06		2.550E+06

						34.9		2.049E+06		2.196E+06		2.527E+06

						35.0		2.031E+06		2.176E+06		2.504E+06

						35.1		2.014E+06		2.157E+06		2.482E+06

						35.2		1.996E+06		2.138E+06		2.459E+06

						35.3		1.979E+06		2.119E+06		2.437E+06

						35.4		1.962E+06		2.101E+06		2.415E+06

						35.5		1.945E+06		2.082E+06		2.394E+06

						35.6		1.928E+06		2.064E+06		2.372E+06

						35.7		1.911E+06		2.046E+06		2.351E+06

						35.8		1.895E+06		2.028E+06		2.330E+06

						35.9		1.878E+06		2.011E+06		2.309E+06

						36.0		1.862E+06		1.993E+06		2.289E+06

						36.1		1.846E+06		1.976E+06		2.268E+06

						36.2		1.831E+06		1.959E+06		2.248E+06

						36.3		1.815E+06		1.942E+06		2.229E+06

						36.4		1.800E+06		1.925E+06		2.209E+06

						36.5		1.784E+06		1.909E+06		2.190E+06

						36.6		1.769E+06		1.892E+06		2.170E+06

						36.7		1.754E+06		1.876E+06		2.151E+06

						36.8		1.739E+06		1.860E+06		2.133E+06

						36.9		1.725E+06		1.844E+06		2.114E+06

						37.0		1.710E+06		1.828E+06		2.096E+06

						37.1		1.696E+06		1.813E+06		2.077E+06

						37.2		1.682E+06		1.798E+06		2.059E+06

						37.3		1.668E+06		1.782E+06		2.042E+06

						37.4		1.654E+06		1.767E+06		2.024E+06

						37.5		1.640E+06		1.752E+06		2.006E+06

						37.6		1.626E+06		1.738E+06		1.989E+06

						37.7		1.613E+06		1.723E+06		1.972E+06

						37.8		1.599E+06		1.709E+06		1.955E+06

						37.9		1.586E+06		1.694E+06		1.938E+06

						38.0		1.573E+06		1.680E+06		1.922E+06

						38.1		1.560E+06		1.666E+06		1.906E+06

						38.2		1.547E+06		1.652E+06		1.889E+06

						38.3		1.534E+06		1.638E+06		1.873E+06

						38.4		1.522E+06		1.625E+06		1.857E+06

						38.5		1.509E+06		1.611E+06		1.842E+06

						38.6		1.497E+06		1.598E+06		1.826E+06

						38.7		1.485E+06		1.585E+06		1.811E+06

						38.8		1.473E+06		1.572E+06		1.796E+06

						38.9		1.461E+06		1.559E+06		1.781E+06

						39.0		1.449E+06		1.546E+06		1.766E+06

						39.1		1.437E+06		1.533E+06		1.751E+06

						39.2		1.425E+06		1.521E+06		1.736E+06

						39.3		1.414E+06		1.509E+06		1.722E+06

						39.4		1.403E+06		1.496E+06		1.707E+06

						39.5		1.391E+06		1.484E+06		1.693E+06

						39.6		1.380E+06		1.472E+06		1.679E+06

						39.7		1.369E+06		1.460E+06		1.665E+06

						39.8		1.358E+06		1.448E+06		1.652E+06

						39.9		1.347E+06		1.437E+06		1.638E+06

						40.0		1.336E+06		1.425E+06		1.625E+06

						40.1		1.326E+06		1.414E+06		1.611E+06

						40.2		1.315E+06		1.402E+06		1.598E+06

						40.3		1.305E+06		1.391E+06		1.585E+06

						40.4		1.295E+06		1.380E+06		1.572E+06

						40.5		1.284E+06		1.369E+06		1.559E+06

						40.6		1.274E+06		1.358E+06		1.547E+06

						40.7		1.264E+06		1.347E+06		1.534E+06

						40.8		1.254E+06		1.336E+06		1.522E+06

						40.9		1.244E+06		1.326E+06		1.509E+06

						41.0		1.235E+06		1.315E+06		1.497E+06

						41.1		1.225E+06		1.305E+06		1.485E+06

						41.2		1.215E+06		1.295E+06		1.473E+06

						41.3		1.206E+06		1.284E+06		1.461E+06

						41.4		1.196E+06		1.274E+06		1.450E+06

						41.5		1.187E+06		1.264E+06		1.438E+06

						41.6		1.178E+06		1.254E+06		1.427E+06

						41.7		1.169E+06		1.245E+06		1.415E+06

						41.8		1.160E+06		1.235E+06		1.404E+06

						41.9		1.151E+06		1.225E+06		1.393E+06

						42.0		1.142E+06		1.216E+06		1.382E+06

						42.1		1.133E+06		1.206E+06		1.371E+06

						42.2		1.125E+06		1.197E+06		1.360E+06

						42.3		1.116E+06		1.188E+06		1.349E+06

						42.4		1.107E+06		1.179E+06		1.339E+06

						42.5		1.099E+06		1.169E+06		1.328E+06

						42.6		1.091E+06		1.160E+06		1.318E+06

						42.7		1.082E+06		1.152E+06		1.308E+06

						42.8		1.074E+06		1.143E+06		1.297E+06

						42.9		1.066E+06		1.134E+06		1.287E+06

						43.0		1.058E+06		1.125E+06		1.277E+06

						43.1		1.050E+06		1.117E+06		1.267E+06

						43.2		1.042E+06		1.108E+06		1.258E+06

						43.3		1.034E+06		1.100E+06		1.248E+06

						43.4		1.026E+06		1.091E+06		1.238E+06

						43.5		1.019E+06		1.083E+06		1.229E+06

						43.6		1.011E+06		1.075E+06		1.219E+06

						43.7		1.003E+06		1.067E+06		1.210E+06

						43.8		9.959E+05		1.059E+06		1.201E+06

						43.9		9.885E+05		1.051E+06		1.191E+06

						44.0		9.811E+05		1.043E+06		1.182E+06

						44.1		9.738E+05		1.035E+06		1.173E+06

						44.2		9.666E+05		1.027E+06		1.164E+06

						44.3		9.594E+05		1.020E+06		1.155E+06

						44.4		9.523E+05		1.012E+06		1.147E+06

						44.5		9.453E+05		1.005E+06		1.138E+06

						44.6		9.383E+05		9.972E+05		1.129E+06

						44.7		9.314E+05		9.898E+05		1.121E+06

						44.8		9.246E+05		9.825E+05		1.112E+06

						44.9		9.178E+05		9.752E+05		1.104E+06

						45.0		9.111E+05		9.680E+05		1.096E+06

						45.1		9.045E+05		9.609E+05		1.088E+06

						45.2		8.979E+05		9.538E+05		1.079E+06

						45.3		8.913E+05		9.468E+05		1.071E+06

						45.4		8.848E+05		9.398E+05		1.063E+06

						45.5		8.784E+05		9.330E+05		1.056E+06

						45.6		8.721E+05		9.261E+05		1.048E+06

						45.7		8.657E+05		9.194E+05		1.040E+06

						45.8		8.595E+05		9.127E+05		1.032E+06

						45.9		8.533E+05		9.061E+05		1.025E+06

						46.0		8.472E+05		8.995E+05		1.017E+06

						46.1		8.411E+05		8.930E+05		1.010E+06

						46.2		8.350E+05		8.865E+05		1.002E+06

						46.3		8.291E+05		8.801E+05		9.948E+05

						46.4		8.231E+05		8.738E+05		9.875E+05

						46.5		8.173E+05		8.675E+05		9.803E+05

						46.6		8.114E+05		8.612E+05		9.731E+05

						46.7		8.057E+05		8.551E+05		9.661E+05

						46.8		7.999E+05		8.489E+05		9.590E+05

						46.9		7.943E+05		8.429E+05		9.521E+05

						47.0		7.886E+05		8.369E+05		9.452E+05

						47.1		7.831E+05		8.309E+05		9.383E+05

						47.2		7.775E+05		8.250E+05		9.315E+05

						47.3		7.721E+05		8.191E+05		9.248E+05

						47.4		7.666E+05		8.133E+05		9.182E+05

						47.5		7.612E+05		8.076E+05		9.116E+05

						47.6		7.559E+05		8.019E+05		9.050E+05

						47.7		7.506E+05		7.962E+05		8.986E+05

						47.8		7.454E+05		7.906E+05		8.921E+05

						47.9		7.402E+05		7.850E+05		8.858E+05

						48.0		7.350E+05		7.795E+05		8.794E+05

						48.1		7.299E+05		7.741E+05		8.732E+05

						48.2		7.248E+05		7.686E+05		8.670E+05

						48.3		7.198E+05		7.633E+05		8.608E+05

						48.4		7.148E+05		7.580E+05		8.547E+05

						48.5		7.099E+05		7.527E+05		8.487E+05

						48.6		7.050E+05		7.474E+05		8.427E+05

						48.7		7.001E+05		7.423E+05		8.368E+05

						48.8		6.953E+05		7.371E+05		8.309E+05

						48.9		6.905E+05		7.320E+05		8.251E+05

						49.0		6.858E+05		7.270E+05		8.193E+05

						49.1		6.811E+05		7.219E+05		8.136E+05

						49.2		6.765E+05		7.170E+05		8.079E+05

						49.3		6.718E+05		7.120E+05		8.022E+05

						49.4		6.673E+05		7.072E+05		7.967E+05

						49.5		6.627E+05		7.023E+05		7.911E+05

						49.6		6.582E+05		6.975E+05		7.856E+05

						49.7		6.538E+05		6.928E+05		7.802E+05

						49.8		6.493E+05		6.880E+05		7.748E+05

						49.9		6.450E+05		6.833E+05		7.694E+05

						50.0		6.406E+05		6.787E+05		7.641E+05

						50.1		6.363E+05		6.741E+05		7.589E+05

						50.2		6.320E+05		6.695E+05		7.537E+05

						50.3		6.278E+05		6.650E+05		7.485E+05

						50.4		6.236E+05		6.605E+05		7.434E+05

						50.5		6.194E+05		6.561E+05		7.383E+05

						50.6		6.152E+05		6.516E+05		7.332E+05

						50.7		6.111E+05		6.473E+05		7.282E+05

						50.8		6.071E+05		6.429E+05		7.233E+05

						50.9		6.030E+05		6.386E+05		7.184E+05

						51.0		5.990E+05		6.343E+05		7.135E+05

						51.1		5.951E+05		6.301E+05		7.087E+05

						51.2		5.911E+05		6.259E+05		7.039E+05

						51.3		5.872E+05		6.217E+05		6.991E+05

						51.4		5.833E+05		6.176E+05		6.944E+05

						51.5		5.795E+05		6.135E+05		6.898E+05

						51.6		5.757E+05		6.094E+05		6.851E+05

						51.7		5.719E+05		6.054E+05		6.805E+05

						51.8		5.681E+05		6.014E+05		6.760E+05

						51.9		5.644E+05		5.974E+05		6.715E+05

						52.0		5.607E+05		5.935E+05		6.670E+05

						52.1		5.571E+05		5.896E+05		6.625E+05

						52.2		5.534E+05		5.857E+05		6.581E+05

						52.3		5.498E+05		5.819E+05		6.537E+05

						52.4		5.463E+05		5.781E+05		6.494E+05

						52.5		5.427E+05		5.743E+05		6.451E+05

						52.6		5.392E+05		5.706E+05		6.408E+05

						52.7		5.357E+05		5.668E+05		6.366E+05

						52.8		5.323E+05		5.632E+05		6.324E+05

						52.9		5.288E+05		5.595E+05		6.283E+05

						53.0		5.254E+05		5.559E+05		6.241E+05

						53.1		5.220E+05		5.523E+05		6.200E+05

						53.2		5.187E+05		5.487E+05		6.160E+05

						53.3		5.154E+05		5.452E+05		6.120E+05

						53.4		5.121E+05		5.417E+05		6.080E+05

						53.5		5.088E+05		5.382E+05		6.040E+05

						53.6		5.055E+05		5.347E+05		6.001E+05

						53.7		5.023E+05		5.313E+05		5.962E+05

						53.8		4.991E+05		5.279E+05		5.923E+05

						53.9		4.959E+05		5.245E+05		5.885E+05

						54.0		4.928E+05		5.212E+05		5.847E+05

						54.1		4.897E+05		5.178E+05		5.809E+05

						54.2		4.866E+05		5.145E+05		5.771E+05

						54.3		4.835E+05		5.113E+05		5.734E+05

						54.4		4.805E+05		5.080E+05		5.697E+05

						54.5		4.774E+05		5.048E+05		5.661E+05

						54.6		4.744E+05		5.016E+05		5.625E+05

						54.7		4.715E+05		4.984E+05		5.589E+05

						54.8		4.685E+05		4.953E+05		5.553E+05

						54.9		4.656E+05		4.922E+05		5.517E+05

						55.0		4.627E+05		4.891E+05		5.482E+05

						55.1		4.598E+05		4.860E+05		5.447E+05

						55.2		4.569E+05		4.830E+05		5.413E+05

						55.3		4.541E+05		4.799E+05		5.379E+05

						55.4		4.512E+05		4.769E+05		5.345E+05

						55.5		4.484E+05		4.740E+05		5.311E+05

						55.6		4.457E+05		4.710E+05		5.277E+05

						55.7		4.429E+05		4.681E+05		5.244E+05

						55.8		4.402E+05		4.652E+05		5.211E+05

						55.9		4.375E+05		4.623E+05		5.178E+05

						56.0		4.348E+05		4.594E+05		5.146E+05

						56.1		4.321E+05		4.566E+05		5.114E+05

						56.2		4.294E+05		4.537E+05		5.082E+05

						56.3		4.268E+05		4.509E+05		5.050E+05

						56.4		4.242E+05		4.482E+05		5.018E+05

						56.5		4.216E+05		4.454E+05		4.987E+05

						56.6		4.190E+05		4.427E+05		4.956E+05

						56.7		4.165E+05		4.400E+05		4.925E+05

						56.8		4.139E+05		4.373E+05		4.895E+05

						56.9		4.114E+05		4.346E+05		4.865E+05

						57.0		4.089E+05		4.319E+05		4.835E+05

						57.1		4.064E+05		4.293E+05		4.805E+05

						57.2		4.040E+05		4.267E+05		4.775E+05

						57.3		4.015E+05		4.241E+05		4.746E+05

						57.4		3.991E+05		4.215E+05		4.717E+05

						57.5		3.967E+05		4.190E+05		4.688E+05

						57.6		3.943E+05		4.164E+05		4.659E+05

						57.7		3.920E+05		4.139E+05		4.630E+05

						57.8		3.896E+05		4.114E+05		4.602E+05

						57.9		3.873E+05		4.089E+05		4.574E+05

						58.0		3.850E+05		4.065E+05		4.546E+05

						58.1		3.827E+05		4.040E+05		4.519E+05

						58.2		3.804E+05		4.016E+05		4.491E+05

						58.3		3.781E+05		3.992E+05		4.464E+05

						58.4		3.759E+05		3.968E+05		4.437E+05

						58.5		3.736E+05		3.944E+05		4.410E+05

						58.6		3.714E+05		3.921E+05		4.384E+05

						58.7		3.692E+05		3.898E+05		4.357E+05

						58.8		3.670E+05		3.874E+05		4.331E+05

						58.9		3.649E+05		3.851E+05		4.305E+05

						59.0		3.627E+05		3.828E+05		4.279E+05

						59.1		3.606E+05		3.806E+05		4.253E+05

						59.2		3.585E+05		3.783E+05		4.228E+05

						59.3		3.563E+05		3.761E+05		4.203E+05

						59.4		3.543E+05		3.739E+05		4.178E+05

						59.5		3.522E+05		3.717E+05		4.153E+05

						59.6		3.501E+05		3.695E+05		4.128E+05

						59.7		3.481E+05		3.673E+05		4.104E+05

						59.8		3.460E+05		3.652E+05		4.079E+05

						59.9		3.440E+05		3.630E+05		4.055E+05

						60.0		3.420E+05		3.609E+05		4.031E+05

						60.1		3.400E+05		3.588E+05		4.007E+05

						60.2		3.381E+05		3.567E+05		3.984E+05

						60.3		3.361E+05		3.546E+05		3.960E+05

						60.4		3.342E+05		3.526E+05		3.937E+05

						60.5		3.322E+05		3.505E+05		3.914E+05

						60.6		3.303E+05		3.485E+05		3.891E+05

						60.7		3.284E+05		3.465E+05		3.868E+05

						60.8		3.265E+05		3.445E+05		3.845E+05

						60.9		3.247E+05		3.425E+05		3.823E+05

						61.0		3.228E+05		3.405E+05		3.801E+05

						61.1		3.209E+05		3.385E+05		3.779E+05

						61.2		3.191E+05		3.366E+05		3.757E+05

						61.3		3.173E+05		3.346E+05		3.735E+05

						61.4		3.155E+05		3.327E+05		3.713E+05

						61.5		3.137E+05		3.308E+05		3.692E+05

						61.6		3.119E+05		3.289E+05		3.670E+05

						61.7		3.101E+05		3.271E+05		3.649E+05

						61.8		3.084E+05		3.252E+05		3.628E+05

						61.9		3.066E+05		3.233E+05		3.607E+05

						62.0		3.049E+05		3.215E+05		3.586E+05

						62.1		3.032E+05		3.197E+05		3.566E+05

						62.2		3.014E+05		3.179E+05		3.545E+05

						62.3		2.997E+05		3.161E+05		3.525E+05

						62.4		2.981E+05		3.143E+05		3.505E+05

						62.5		2.964E+05		3.125E+05		3.485E+05

						62.6		2.947E+05		3.107E+05		3.465E+05

						62.7		2.931E+05		3.090E+05		3.445E+05

						62.8		2.914E+05		3.072E+05		3.426E+05

						62.9		2.898E+05		3.055E+05		3.406E+05

						63.0		2.882E+05		3.038E+05		3.387E+05

						63.1		2.866E+05		3.021E+05		3.368E+05

						63.2		2.850E+05		3.004E+05		3.349E+05

						63.3		2.834E+05		2.987E+05		3.330E+05

						63.4		2.818E+05		2.971E+05		3.311E+05

						63.5		2.803E+05		2.954E+05		3.292E+05

						63.6		2.787E+05		2.938E+05		3.274E+05

						63.7		2.772E+05		2.921E+05		3.256E+05

						63.8		2.756E+05		2.905E+05		3.237E+05

						63.9		2.741E+05		2.889E+05		3.219E+05

						64.0		2.726E+05		2.873E+05		3.201E+05

						64.1		2.711E+05		2.857E+05		3.183E+05

						64.2		2.696E+05		2.841E+05		3.166E+05

						64.3		2.681E+05		2.826E+05		3.148E+05

						64.4		2.667E+05		2.810E+05		3.130E+05

						64.5		2.652E+05		2.795E+05		3.113E+05

						64.6		2.638E+05		2.779E+05		3.096E+05

						64.7		2.623E+05		2.764E+05		3.079E+05

						64.8		2.609E+05		2.749E+05		3.062E+05

						64.9		2.595E+05		2.734E+05		3.045E+05

						65.0		2.581E+05		2.719E+05		3.028E+05

						65.1		2.567E+05		2.704E+05		3.011E+05

						65.2		2.553E+05		2.689E+05		2.995E+05

						65.3		2.539E+05		2.675E+05		2.978E+05

						65.4		2.525E+05		2.660E+05		2.962E+05

						65.5		2.512E+05		2.646E+05		2.946E+05

						65.6		2.498E+05		2.631E+05		2.929E+05

						65.7		2.485E+05		2.617E+05		2.913E+05

						65.8		2.471E+05		2.603E+05		2.897E+05

						65.9		2.458E+05		2.589E+05		2.882E+05

						66.0		2.445E+05		2.575E+05		2.866E+05

						66.1		2.432E+05		2.561E+05		2.850E+05

						66.2		2.419E+05		2.547E+05		2.835E+05

						66.3		2.406E+05		2.534E+05		2.820E+05

						66.4		2.393E+05		2.520E+05		2.804E+05

						66.5		2.380E+05		2.507E+05		2.789E+05

						66.6		2.367E+05		2.493E+05		2.774E+05

						66.7		2.355E+05		2.480E+05		2.759E+05

						66.8		2.342E+05		2.467E+05		2.744E+05

						66.9		2.330E+05		2.453E+05		2.729E+05

						67.0		2.318E+05		2.440E+05		2.715E+05

						67.1		2.305E+05		2.427E+05		2.700E+05

						67.2		2.293E+05		2.415E+05		2.686E+05

						67.3		2.281E+05		2.402E+05		2.671E+05

						67.4		2.269E+05		2.389E+05		2.657E+05

						67.5		2.257E+05		2.376E+05		2.643E+05

						67.6		2.245E+05		2.364E+05		2.629E+05

						67.7		2.233E+05		2.351E+05		2.615E+05

						67.8		2.222E+05		2.339E+05		2.601E+05

						67.9		2.210E+05		2.327E+05		2.587E+05

						68.0		2.199E+05		2.314E+05		2.573E+05

						68.1		2.187E+05		2.302E+05		2.560E+05

						68.2		2.176E+05		2.290E+05		2.546E+05

						68.3		2.164E+05		2.278E+05		2.533E+05

						68.4		2.153E+05		2.266E+05		2.519E+05

						68.5		2.142E+05		2.255E+05		2.506E+05

						68.6		2.131E+05		2.243E+05		2.493E+05

						68.7		2.120E+05		2.231E+05		2.480E+05

						68.8		2.109E+05		2.219E+05		2.467E+05

						68.9		2.098E+05		2.208E+05		2.454E+05

						69.0		2.087E+05		2.196E+05		2.441E+05

						69.1		2.076E+05		2.185E+05		2.428E+05

						69.2		2.066E+05		2.174E+05		2.416E+05

						69.3		2.055E+05		2.163E+05		2.403E+05

						69.4		2.044E+05		2.151E+05		2.390E+05

						69.5		2.034E+05		2.140E+05		2.378E+05

						69.6		2.023E+05		2.129E+05		2.366E+05

						69.7		2.013E+05		2.118E+05		2.353E+05

						69.8		2.003E+05		2.107E+05		2.341E+05

						69.9		1.993E+05		2.097E+05		2.329E+05

						70.0		1.982E+05		2.086E+05		2.317E+05

						70.1		1.972E+05		2.075E+05		2.305E+05

						70.2		1.962E+05		2.065E+05		2.293E+05

						70.3		1.952E+05		2.054E+05		2.281E+05

						70.4		1.942E+05		2.044E+05		2.270E+05

						70.5		1.933E+05		2.033E+05		2.258E+05

						70.6		1.923E+05		2.023E+05		2.246E+05

						70.7		1.913E+05		2.013E+05		2.235E+05

						70.8		1.903E+05		2.002E+05		2.223E+05

						70.9		1.894E+05		1.992E+05		2.212E+05

						71.0		1.884E+05		1.982E+05		2.201E+05

						71.1		1.875E+05		1.972E+05		2.190E+05

						71.2		1.865E+05		1.962E+05		2.178E+05

						71.3		1.856E+05		1.952E+05		2.167E+05

						71.4		1.847E+05		1.942E+05		2.156E+05

						71.5		1.837E+05		1.933E+05		2.145E+05

						71.6		1.828E+05		1.923E+05		2.135E+05

						71.7		1.819E+05		1.913E+05		2.124E+05

						71.8		1.810E+05		1.904E+05		2.113E+05

						71.9		1.801E+05		1.894E+05		2.102E+05

						72.0		1.792E+05		1.885E+05		2.092E+05

						72.1		1.783E+05		1.875E+05		2.081E+05

						72.2		1.774E+05		1.866E+05		2.071E+05

						72.3		1.765E+05		1.857E+05		2.060E+05

						72.4		1.757E+05		1.847E+05		2.050E+05

						72.5		1.748E+05		1.838E+05		2.040E+05

						72.6		1.739E+05		1.829E+05		2.030E+05

						72.7		1.731E+05		1.820E+05		2.019E+05

						72.8		1.722E+05		1.811E+05		2.009E+05

						72.9		1.714E+05		1.802E+05		1.999E+05

						73.0		1.705E+05		1.793E+05		1.989E+05

						73.1		1.697E+05		1.784E+05		1.979E+05

						73.2		1.689E+05		1.776E+05		1.970E+05

						73.3		1.680E+05		1.767E+05		1.960E+05

						73.4		1.672E+05		1.758E+05		1.950E+05

						73.5		1.664E+05		1.750E+05		1.940E+05

						73.6		1.656E+05		1.741E+05		1.931E+05

						73.7		1.648E+05		1.732E+05		1.921E+05

						73.8		1.640E+05		1.724E+05		1.912E+05

						73.9		1.632E+05		1.716E+05		1.902E+05

						74.0		1.624E+05		1.707E+05		1.893E+05

						74.1		1.616E+05		1.699E+05		1.884E+05
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