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ABSTRACT 
 

We investigate improvements to the quality of our NOAA CoastWatch near-real-time 

Ocean Color products that can be made with the appropriate choice of the Ancillary data 

sources which are used in the processing of the L1B calibrated radiances to L2 Ocean 

Color products like the normalized water leaving radiances, nLw in the bands 412, 443, 

488, 531, 551 and 667 nm as well as the bio-optical products further derived from these 

radiances using empirical algorithms like for the Chlorophyll concentration for the 

MODIS Aqua sensor. In our study we limited the regions to four representative areas 

around the CONUS and for four seasons of a calendar year. Our recommended choice for 

the best Ancillary data source, the NCEP GFS model forecast was selected based on the 

results from this study will be used to process L1B data from different sensors and for all 

regions of interest at NOAA CoastWatch in the future.  

 
 

Introduction 

 

Ocean color measurements from satellite platforms face the challenge of accurately 

accounting for the contribution of the various constituents in the atmosphere to the total 

radiances measured by the sensor at the satellite altitude to estimate the water leaving 

radiances at the interface of the ocean surface and the atmosphere. The water leaving 

radiances are proxies to the bio-optical state of the ocean and appropriate ratios of these 

radiances can be used in empirical algorithms to derive the chlorophyll concentration and 

various other useful products for monitoring the oceans. The correction methods and data 
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used to accomplish this has significant implications on the end products estimated, as less 

than 10% of the measured radiance at the top of the atmosphere constitute the 

contribution from the water column just below the ocean surface. The rest 90 % of the 

signal being from the atmospheric scattering processes involving molecular constituents 

and particulates both natural and anthropogenic which are classified as aerosols. Hence 

the accuracy of the Ancillary data, which is used to estimate the majority of the signal 

strength from the atmosphere, is critical both to the accuracy of and ability to make 

retrievals about the ocean contribution from these satellite based measurements at the top 

of the atmosphere. 

  

The top of the atmosphere reflectance as measured by the satellite is usually partitioned 

(Gordon & Wang 1994) into its constituent contribution as follows, 

 

 t () = r () + A () + t () w ()                                                                               (1) 

 

where the three parts refer to the Raleigh scattering from molecules, scattering from 

aerosols in the atmosphere and the final term denoting the water leaving radiances 

factored with the transmission through the atmosphere all the way to the top where it is 

measured. The Atmospheric correction is estimated using wavelength bands where the 

contribution from the third term is assumed to be zero. Of the two terms left in the 

equation the Raleigh term dominates in the blue region (80%) and in the NIR region it is 

close to 50% of the signal. The rest is from the Aerosol contribution. There are published 

works on improving the estimation of the Raleigh term. M. Wang (2002) has reported on 

the errors introduced in using the incorrect surface roughness information while 

estimating this contribution in detail for various bands and a range of wind speeds. This 

modified method of calculating the Raleigh lookup tables used in the processing is now 

incorporated in the standard product processing. Any under estimation or overestimation 

of this contribution due to wrong input values for the sea roughness condition as 

measured by wind speed values, will affect what fraction of signal measured at the top of 

the atmosphere is attributed to the remaining part of Aerosol contribution. This has 

implications for calculating the total aerosol optical depth, which in turn gets used in 
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determining cloud free pixels using a simple threshold criterion by the cloud algorithm. 

Hence, a better choice of data inputs used to estimate the Raleigh contribution can 

definitely improve the products created at NOAA CoastWatch. 

 

All Ocean Color processing algorithms require as input various ancillary data like 

Atmospheric pressure, water vapor, wind speed and Ozone which make the minimal 

dataset used to correct for the various contributions of the atmosphere effects to the 

measured radiances observed at the top of the atmosphere. In addition quantities like 

wind speed are also used to estimate the sun glint contamination for the observed pixel 

due to specular reflection at the water surface. The potential sources for the Ancillary 

data are the monthly climatology for the required parameters or the definitive 

observations of the state of the atmosphere made for the co-located day and time of the 

satellite data observation. The directly observed in-situ data footprint as well as from 

various types of sources (buoys, ships of opportunity, other satellite derived quantities) 

will be sparser by definition and not always available in a timely manner for all regions 

of the globe. Hence, the current operational Ocean Color products at NOAA, which are 

made in near real time (within 12 hours of data acquisition by the satellite) uses monthly 

climatology as input for the Ancillary datasets. The science quality reprocessed data 

archived at NASA GSFC uses the definitive Ancillary data, which is created with a lag of 

a few days from the time of observation. The NASA Ancillary data is also an assimilated 

data product which uses the NCEP GFS nowcast (McClain et al). It has also been noticed 

that the total number of successful retrievals from the reprocessed science quality data is 

usually higher than the one using climatology as input due to static nature of the masking 

introduced by the use of climatology data, which is not accurately representative of the 

evolving conditions at the location and time of the satellite observation. To improve the 

quality of the retrievals made in our operational near real time stream we investigated 

alternative approaches to the use of monthly climatology, which are currently readily 

available for use and closely replicates the science quality stream maintained at NASA. 
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Alternatives to Climatology for Ancillary 

 
One of the alternative schemes investigated initially was the use of the most recent 

NASA Ancillary data set available closest to the day of satellite data observation from the 

NASA Ocean Biology Processing Group (OBPG) archive, which usually can be at least a 

day old. There have been noticeable exceptions to this when Ancillary data files were not 

available for over 3-5 days. In the case of Ozone data this has been noticed more often 

than for the other three meteorological parameter files kept in the archive. Hence, we 

evaluated the use of 1-day old, 2-day old and 5-day old Ancillary data from the NASA 

archives and compared them with the definitive Ancillary data for all days in the study 

period. We used the data from the year 2007, and the four seasons picked for this study 

were represented by the months of January, April, July and October in the evaluation 

process.  

 

The second scheme investigated was the NCEP generated GFS (Global Forecast Model) 

data available locally at NOAA. All forecast models are essentially a time integration of 

the state of the atmosphere represented by the model equations, given the initial 

conditions of the atmosphere are known as accurately as possible. The state of the 

atmosphere is represented in physical processes like clouds, precipitation, heat transfer, 

moisture, momentum and radiation transfer within the model. Improving on these 

modeled processes and increasing the ensemble size to represent the full subspace of fast 

growing perturbations using the technique of bred forecasts described in (Toth and 

Kalnay, 1993 & 1997) as well as increasing power of the supercomputers used has 

resulted in increasing forecast skill over the years. The GFS model forecast skill for a 36 

hour advance forecast approaches the ideal score of 20% over North America at 500 hPa, 

and is only slightly lower at 30% for a mean sea-level forecast. [E. Kalnay, et al.] As 

mentioned earlier the initial conditions are extremely important for a good forecast, and 

are a subject of its own and there are different well known methods already in use to do 

Data Assimilation. Some of them are SCM, Optimal Interpolation, variational methods in 

3D and 4D and Kalman Filter techniques. The data assimilation process uses both the 

observations available within a window (usually +/-3 hr) along with the regional forecast 
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value as a first guess. Statistical Interpolation and balancing creates the setup for the 

initial conditions. This is then fed in to the forecast model to capture the evolution of the 

atmospheric state for the forecast period. 

 

Various upgrades to the GFS Model have been added over the years and an exhaustive 

list of the changes (http://www.emc.ncep.noaa.gov/modelinfo/) can be found in the 

NCEP website. The current model resolution has been increased to T382L64 out to 

180hours and T190L64 out to 384 hours. The L64 refers to the number of layers of the 

atmosphere in the model for which forecast value is available and the T384 refers to the 

spectral resolution of the model. The number 384 refers to the wave number where the 

spherical harmonics truncates in the model. At the equator this translates to ~ 45 km for 

the horizontal resolution of the grid.  This is then re-projected to a 10 x 10 Cartesian grid 

which is the resolution for all input data in this analysis. For all practical purposes T384 

indicates a resolution of 10 which is ~ 100 km in cell size whereas the pixel size of 

satellite measurements is ~ 1 km. 

 

 The definitive Ancillary files that NASA uses for reprocessing are actually the NCEP 

GFS nowcasts which are reformatted with some conversion for use by the NASA Ocean 

Color processing stream within the SeaWiFS Data Processing Software (SEADAS) suite 

developed by the OBPG at NASA GSFC. These forecast files are generated 4 times daily 

(at 00z, 06z, 12z & 18z) for the three meteorological parameters used in Ocean Color 

processing and twice daily (00z & 12z) in the case of Ozone. These forecast products for 

a given day are available as early as 384 hours or 16 days in advance, with forecast skill 

diminishing with lag. We have limited our investigation to forecast model values with a 

lag of up to 24 hrs, considering that we get to choose from a total of 8 and 4 forecast files 

for the meteorological parameters and ozone respectively, and they are adequate for our 

use in near real time processing. For the purpose of evaluation with respect to the NASA 

definitive Ancillary data for this scheme, we were limited to the use of GFS model 

forecast data from the year 2008 when this analysis was initiated and due to the rolling 

archives available at NCEP for the near real time forecast data limited to three months at 

present. 
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Currently, the NASA Ancillary data source for Ozone is the TOAST (Total Ozone 

Analysis using SBUV/2 and TOVS) product from NOAA. This a combination product 

comprising satellite observations from the two different platforms with radiances in UV 

bands (252- 340 nm) as well as the 9.7 micron band from TOVS, which is sensitive to 

ozone retrievals in the 4km to 23 km range. Since the SBUV/2 data collected over 14 

orbits per day has data gaps, spatial smoothing is implemented using the Cressman 

interpolation scheme. This is essentially the replacement for TOVS climatology used in 

earlier total Ozone column products to represent the mid-to-upper stratosphere (24 to 54 

km). Note that the same TOAST product is also used as input to the GFS model as part of 

the data assimilation process. 

 

Similarly, for the meteorological data inputs the sources are QuikSCAT winds at 0.5 

degrees, AMSU-A channels 12 and 13 from NOAA-15 and NOAA-16 and HIRS from 

NOAA-16, Aqua AIRS and Aqua AMSU-A data, NCEP’s new Land Surface Model 

(Noah LSM) and various other Rawinsonde, ships, aviation (METAR) measurements 

from regular and data of opportunity sources as well as non-US satellite platforms like 

METOP, MTSAT and METEOSAT etc are also included in the assimilation. A full list of 

all such sources can be found at the NCEP webpage containing the GFS data dump text. 

[http://www.nco.ncep.noaa.gov/pmb/nwprod/realtime/gfs/t00z/index.summary.shtml] 

 

Analysis using old Ancillary data from NASA 

 
In this section we present results from the analysis of Ancillary data for the four seasons 

and regions using retrospective data from the year 2007 which are available for download 

from the OBPG archives (http://oceancolor.nasa.gov/). The results show that for all the 

four input Ancillary parameters there is incremental degradation in using previous few 

days definitive Ancillary data as a substitute for the current day. This is very acute in the 

case of Ozone, as shown in the plots from Figs 1-4, the differences can be as large as 10-

40 Dobson units for the total column Ozone measurement when using previous days 

definitive Ancillary as a substitute for measurements for a given day. This is always true 
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for all regions studied and for all the days for each of the seasons. The evolution of 

Ozone fronts are also not captured adequately while using the older data as a substitute, 

as Ozone is a rapidly evolving parameter with time. Since atmospheric correction 

algorithms are very sensitive to absorption by Ozone, this scheme will make for a poor 

substitute to climatology, though it may do much better than just using the monthly 

climatology data as a substitute to the actual total columnar Ozone concentration values 

for the region of observation. 

 

Similar analysis was also done for the rest of the Ancillary data. The sensitivity to using 

previous day’s values varies. The spread in values as characterized by the standard 

deviation of the differences is found to be more for the wind speed. The results given 

below are for the relative differences between the 1-day, 2-day and 5-day old wind speed 

values when compared with the definitive values for the current day. The relative error 

can be as high as 60% of the mean wind speed value, which is typically around 3-5 m/s. 

The seasonal dependence for most regions shows that the differences for wind speed 

values are the least in the month of July. For the rest of the two meteorological 

parameters used in Ocean Color processing, Water Vapor and Atmospheric pressure we 

see that the latter is less sensitive to the choice of day as representative of the current 

state of the Atmosphere.  We do see that the absolute difference and the standard 

deviation are of the same order of magnitude and in the range of 5 to 10 kg m-2.

Water Vapor has the least errors in the summer season, while using this scheme of one 

day old data as the representative one, for at least three of the regions studied. In the case 

of Atmospheric pressure we see the least spread in values using the one day old retrievals 

as a substitute for the day of satellite observation. The relative errors are very low in the 

less than 1% range largely for all seasons as well as the regions. The absolute value of the 

differences introduced in this scheme is less than 10 hPa (millibars), and the standard 

deviation is also as low as 1-5 hPa. 

 

This is the least sensitive of all the four Ancillary parameters required by the Ocean 

Color processing algorithms. It is also to be noted that the absolute as well as relative 

errors for the Pressure is lowest for the July season for all the regions except Hawaii 
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where it is true for both July as well as the month of  October. Also note that we found 

the greatest deviation when using this method for wind speed, which as already discussed 

before has deeper significance to the accuracy of the Atmospheric correction estimation. 

 

Comparison of Ancillary data sources for Yr 2008 

 

Given below are a summary of the results from the analysis completed for the four 

seasons and four regions chosen for this study. All data used in this study are for standard 

CoastWatch regional boxes ref. figure 1, where the land masks are applied, to filter out 

the land pixels for analysis. We chose to use the bias and the standard deviation of the 

difference between a given model and the benchmark dataset for Ancillary, as a measure 

to compare and rank the performance of each Ancillary data source. The relative error is 

also used when necessary to further illustrate the merits of a given scheme. 

 

The NASA definitive Ancillary that OBPG uses for their science quality reprocessing is 

set as the standard benchmark to compare all the alternative data streams available for use 

in L1 to L2 processing. The differences in the values as given by, 

 

   Ancil Difference = Ancil {GFS, Climatology} – Ancil {NASA}                                                (1) 

 

for each pixel in the four CoastWatch region boxes are used to create a composite mean 

value of the absolute difference for each day of the month as well as the standard 

deviation of the absolute differences of all the pixels for that day and for each region and 

season. Further, using these statistical mean values for each day, a grand average for all 

days of the month is calculated. Each point in the plots in figures 18-21 corresponds to 

this mean value of the standard deviation for a given season and given region for the 

various sources of Ancillary input data studied. 

 

For all the three meteorological parameters used we can clearly see that the GFS model 

forecast values for the T00z and T12z show the smallest spread from the science quality 
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Ancillary data. Climatology data consistently shows the largest spread from the 

benchmark values. Even the 1-day and 2-day old definitive NASA Ancillary data is a 

poorer approximation to the science quality benchmark data and performs worse than the 

GFS model forecast values. We see no seasonal dependence in the GFS model forecast 

values, whereas Climatology and one-day old Ancillary data from NASA show poorer 

performance for the months of January and October for wind speed and pressure values. 

 
In the case of wind speed we see a regional dependence, with the west coast showing 

slightly larger difference compared to the other regions. Water Vapor shows higher 

values for July for all regions except Hawaii. The Atmospheric Pressure values from the 

GFS forecast data seems to show no such dependence and seem to correlate strongly with 

the science quality Ancillary data. 

 

The retrieval values for Ozone in the GFS model forecasts show the maximum spread 

from the NASA definitive Ancillary, both seasonally as well as regionally. From Figure 

21 it is clear that climatology shows the largest Absolute differences in the total Ozone 

retrieval as seen by the large spread in the difference with TOAST data for at least two 

seasons for regions at higher latitudes, which in our case corresponds to the Northeast 

and West coast CoastWatch boxes. Even the one day old NASA science data will not 

capture the evolution of the Ozone very well as inferred from the same figure. The 

regions of Hawaii and Gulf of Mexico show the least sensitivity to Ozone evolution. The 

difference we see in the GFS Ozone model values is at the 5-10 % level. There are recent 

unpublished studies available which show that the GFS ozone product has some 

systematic errors at this level in agreement with what we have observed. 

 

We see from the values in the table 1 above for the Ozone differences that the bias is still 

large with the GFS model forecast values, when compared to the one-day old OBPG 

product. The standard deviation values for the GFS forecast product do decrease when 

compared to Climatology as well as the one-day old definitive Ancillary data. The Bias 

still remains significant for the forecast product values. The Climatology values are 

always much lower than the NASA definitive values derived from the TOAST product, 
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whereas the GFS forecast values for Ozone are biased slightly higher than the NASA 

distributed TOAST derived product. 

 

From the Table 2 on differences in the wind speed values of the NCEP GFS forecast 

model and comparing with Climatology product and the one-day old NASA Ancillary 

shows that the Bias decreases considerably when using the GFS forecast data, especially 

the nowcast product T12F00F24. Even though the one-day old NASA Ancillary data also 

has a lower Bias value when compared with the definitive Ancillary for the given day, it 

does introduce a large scatter in the data as the standard deviation value is much larger 

than even the 24 hr old forecast data in the last column. At the individual pixel level this 

could be an issue, so the GFS forecast data proves to be more representative of the day 

than the other choices available for wind speed values.  Just as mentioned earlier the 

sensitivity of this parameter in Raleigh scattering correction estimation will determine the 

choice of Ancillary data source. Climatology wind speed differences for all regions and 

seasons, show large mean values of a factor of 100 more than the differences when using 

NCEP GFS forecast and this could trigger the cloud algorithm to mask out more pixels as 

cloud. 

 

The Climatology Ancillary data show the largest bias with respect to the NASA OBPG 

definitive Ancillary for Water Vapor, for all seasons and regions studied. The Bias value 

is lowest for the T12F00F24 GFS forecast data and so is the standard deviation too. The 

Standard deviation when using the 1-day old NASA Ancillary data is as comparable as 

the Climatology datasets irrespective of the season or region. Though the Bias value 

increases with the forecast lag as seen in the last two columns of table 3, for the 12 hr and 

24 hr advance forecasts (T00F12F36 and T12F24F48) when compared with the 1-day old 

NASA Ancillary listed in the second column of the same table, the standard deviation is 

still low for all the NCEP GFS forecasts. 

 

From the above Table 4 for Atmospheric pressure data, we see that the Bias is reduced 

significantly while using the NCEP GFS  forecast data, when compared with Climatology 

or even lower depending on forecast lag to using the 1-day old NASA Ancillary data. We 
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do see a substantial improvement in the standard deviation while using the GFS forecast 

data compared with both the Climatology and 1-day old NASA Ancillary for all regions 

and seasons and even with increasing forecast lags.  

 

From the summaries given in the above three tables classified by region and season it is 

clear that NCEP GFS does very well overall for all three metrological parameters 

Pressure, Water Vapor and Wind speed which are critical in calculating the Atmospheric 

correction contribution to the top of the Atmosphere radiances measured, before they can 

be used in empirical band ratio algorithms for estimating the Chlorophyll concentration 

values to be used in various applications of Remote Sensing of the oceans.  

 

We could alternatively summarize the results by taking aggregate statistical estimates 

averaged over all the four seasons and various regions to further reduce the information 

contained in tables 1-4 for the Ancillary data bias and standard deviation. In the case of 

Ozone we see that the mean value of the bias with Climatology is 14.27±10.69 Dobson 

units. This reduces further to 2.47±6.02 Dobson units when using GFS forecasts data 

with up to 24 hour forecast lag. It is to be noted that the GFS data bias for Ozone is 

higher than when using a one day old definitive Ancillary which is at 0.26±0.53 Dobson 

units. At this point the source of this larger bias in the forecast data is not entirely 

understood and will need investigation which is outside the scope of our study. This can 

have implications for the nLw 531 and 551 nm band values, which is the most sensitive 

to the presence of Ozone as they are close to the Ozone absorption bands. Even though 

the mean value of the bias is higher, one also needs to pay attention to the scatter in the 

Ozone data due to the day-to-day rapid evolution of Ozone concentration for any given 

pixel location. This is captured well by the standard deviation value estimated for all 

pixels. The aggregate means for all regions and seasons gives a value of 10.39±4.51 

Dobson units for the spread in the case of Climatology data, a lower value of 7.14±4.00 

Dobson units when using one-day old definitive Ancillary data from OBPG and an even 

lower value of 5.82±2.24 Dobson units when using GFS forecast data. The lower scatter 

in the forecast data even when using data with a 24 hour forecast lag indicates that it 

captures the evolution of Ozone concentration better than the other two options with 
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significant improvement over Climatology both for the bias and standard deviation 

introduced. 

 

In the case of wind speed we see that the Climatology product yields a mean bias value 

lower at -3.61±2.08 ms-1 than the definite NASA OBPG Ancillary used as a benchmark 

in the comparison. The one-day old NASA Ancillary has a mean bias of 0.01±0.05 ms-1 

which is again lower like in the case of Ozone. The GFS forecast at smallest lag gives a 

mean bias of -0.06±0.08 which is again lower than the definitive value for the day. It 

progressively gets worse and if averaged over three increasing forecast lags, gives a value 

of -0.14±0.11 ms-1 which is still better than what Climatology yields. From the table 2 for 

wind speed statistics it is clear that one needs to also give weight to the evolution of the 

winds since it can occur at rapid time scales, at a much faster rate than Ozone changes for 

a given pixel when selecting one method over the other. The associated uncertainty 

estimates need to be understood as the variation in the data from changing seasons and 

regions. The mean value of the standard deviation of the wind speeds are 2.28±0.68 ms-1 

for Climatology data, slightly lower at 1.80±0.55 ms-1 for one-day old NASA Ancillary 

data and even lower at 0.23±0.16 ms-1 for GFS forecast data with no lag (T12F00F24). 

Hence, this shows that the GFS forecast captures the evolution at the pixel level 

adequately. If one includes the data with the longer forecast lag then the mean increases 

to 0.61±0.17 ms-1, which is still lower than the one-day old ancillary and significantly 

better than using Climatology data which poorly estimates the evolution of wind speed 

values. 

 

Atmospheric pressure is also an important parameter used in the Raleigh scattering 

computation by the Atmospheric correction algorithm. The mean values for the bias 

averaged over seasons and regions in the case of Climatology is -0.62±1.52 millibars, 

which reduces to 0.04±0.25 millibars for one-day old NASA ancillary data and is 

0.10±0.24 millibars for GFS forecast data averaged over three different lag periods. 

Climatology seems to underestimate the pressure like in the case of other variables. The 

mean value of the standard deviation is 2.38±1.43 millibars in the case of Climatology; it 

gets slightly better at 1.99±1.31 millibars for one-day old NASA ancillary and is 
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0.14±0.06 millibars in the case of GFS forecast with zero lag (T12F00F24) and only 

increases to 0.28±0.09 millibars when averaged over increased lag periods of up to 24 

hours which indicates that GFS data has better performance in capturing the variability in 

the Atmospheric pressure. 

 

In the case of Water Vapor the aggregate statistics over seasons and regions gives a mean 

bias of -2.89±1.96 kg m-2 in the case of Climatology, which improves to a lower value of 

-0.09±0.22 kg m-2 when using one-day old NASA ancillary and is the best at -0.01±0.06 

kg m-2 with the NCEP GFS forecast dataset T12F00F24. If one were to average over 

different forecast lags then one gets a mean bias value of -0.25±0.17 kg m-2 better than 

the Climatology value. Similarly, the metric for the scatter introduced by using different 

methods is captured by the standard deviation statistic. Averaging this quantity from the 

table for water vapor, we get the mean value to be 4.38±0.70 kg m-2 in the case of 

Climatology, which increases slightly to a value of 4.59±0.98 kg m-2 for one-day old 

ancillary from NASA and gives the best result for the GFS forecast data T12F00F24 at 

0.40±0.12 kg m-2. Including the forecast data up to a 24 hour forecast lag (T12F24F48) 

we get a value of 1.16±0.24 kg m-2 which is still much better than what we currently use 

in monthly Climatology. As was said in the previous sections the uncertainty estimates 

associated with the mean values for the bias and the standard deviation is mainly due to 

the variability across seasons and regions studied being at different latitudes.  

 

So, overall the GFS forecast data with forecast lags and valid for up to 48 hours going 

forward in time, seem to capture the evolution of all the four Ancillary input parameters: 

total ozone column density, wind speeds, water vapor and atmospheric pressure used in 

the Atmospheric correction algorithms much better than the monthly Climatology data.  

 

Validation of GFS model Ancillary for Ocean Color processing 

 

Results from the initial validation work completed by CoastWatch on the new stream of 

Ocean Color processing planned for the Chesapeake  Bay region (to be extended to all 
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the CoastWatch regions in future) using the GFS model NRT Ancillary products from 

NCEP is being presented here. We chose to study 4 separate regions (Northeast, Gulf of 

Mexico, West Coast and Hawaii) as well as four months January, April, July and October 

representing the seasons. For the Northeast region (NE) we included all available 

granules for all the days of the each of the representative months in this study. We 

reprocessed MODIS Aqua L1B radiance calibrated data ordered manually from the 

NASA data archive (WIST) {https://wist.echo.nasa.gov/api/}. For other regions only 

three representative days the first, middle and last day of the month were studied to limit 

the processing and storage space required on our processing machine.  

 

For each granule we processed the L1B data using climatology, NASA definitive 

Ancillary data as well as the GFS model forecast products from the NCEP data server. 

For the final analysis we limited ourselves to just the 00hr, 24hr and 48hr forecast model 

products to reduce workload and diminishing returns. The additional two model products 

are also for the 00hr and 24hr forecasts with a 12hr time lag. NCEP makes predictions 

every 6 hrs for the MET parameters used in Ocean Color processing (wind speed, 

Atmospheric pressure, water vapor) and for Ozone there are two predictions made daily.  

 

The results are presented below as various plots. We studied the chlorophyll as well the 

water leaving radiance values (nLws: 412, 443, 488, 531, 551, 667 nm) for all the chosen 

days after creating the daily composites from the individual granules. Time series plots of 

the daily composite differences for each and every pixel were also done to see the extent 

of the outliers not captured by aggregate statistics like mean and standard deviation. From 

the aggregate statistics for daily products a monthly average for each and every region 

and season was created and written out in ASCII as a text file. These summary files were 

later used to create the summary plots shown in figures 22-32. 

 

We also created subsets for the Chesapeake Bay region from the Northeast CoastWatch 

box. The results for this region is of immediate interest, since we plan to use the GFS 

forecast data for the Ocean Color processing for this region as a trial run before applying 

the same method to other CoastWatch regions. Based on the results so far, we 
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recommend the use of NCEP GFS model forecast data for the four parameters (Ozone, 

wind speed, pressure and water vapor) used in Ocean Color processing as a replacement 

for the monthly climatology data that is being currently used in the near real time 

processing stream at NOAA. With this replacement we expect to improve the quality of 

retrievals when compared to our present products and closely match the values of our 

products to the science quality reprocessed data from NASA. We present below results 

which show that our products with the new set of Ancillary datasets will be on average 

within less than ±5% for the Chesapeake Bay region, both for the normalized water 

leaving radiance values (nLw) as well as for the derived Chlorophyll concentration 

values. 

 

Summary of Results:  

 

In this section we summarize the results from the validation study using the NCEP GFS 

forecast data processed Ocean Color products for all seasons. In the case of North East 

and its subset the Chesapeake Bay region the data sampling included all days of the 

representative months. For the other regions we limited the sampling to just three days 

for each month, as a result the summary statistics could show large outliers. Since, it was 

shown earlier in the section on Ancillary data analysis that all regions showed 

improvement with the GFS forecast data at the input level when compared to using 

Climatology data, we can safely presume that this improvement carries over to the L2 

products produced using the forecast data. Some of the measures like the relative error of 

the Chlorophyll are shown for all regions in the table 3. The relative error is defined as, 

 

      Relative Error (Chlor) = (Chlor GFS – Chlor OBPG) / Chlor OBPG                                        (2) 

 

Using this measure, the chlorophyll concentration product using the NCEP GFS forecast 

model data as inputs used in the Near Real Time (NRT) processing shows a maximum 

difference of ~ 10% for the 24 hr advance forecast model run, when compared to the 

science quality reprocessed OBPG product stream. This is a remarkable improvement 
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when compared with Climatology processed NRT products where the Relative error can 

be as high as ~ 70% for the North East region in winter month of January. Similar results 

for the nLw values are shown in the next section with figures for the North East and its 

subset, the Chesapeake Bay region. 

 

The mean value of the Chlorophyll concentration values derived for each of the regions 

and seasons are shown in Fig 24 for comparison. The Chesapeake Bay region being 

mostly coastal waters and within estuaries the retrieval values show a larger mean value 

for each season. The other four regions cluster around a band of values. We also 

estimated the mean bias for each season and region normalized to the mean seasonal 

values for each region to arrive at the Relative Bias which is shown below in Figure 25. 

 

In the next section we show the comparison results using the nLw bands (412nm, 443nm, 

488nm, 531nm, 551nm & 667 nm) using similar definitions for the measure. 

 

    nLw_diff () = nLw () GFS - nLw () OBPG                                                                  (3) 

 

And for the error measure we have the usual definition where the difference as mentioned 

in the equation (2) above is normalized to the nLw value obtained for that band from the 

science quality reprocessing stream nLw()OBPG, where  denotes the band. 

 

     Relative Error (nLw())   =   (nLw() GFS – nLw() OBPG)  /  | nLw() OBPG  |                (4) 

 

Note, that in calculating the relative error for the nLw values, since nLw values after the 

atmospheric correction can be negative one needs to normalize the differences with the 

absolute value to avoid dilution of the sign in the end result. 

 

As we can see from the above table containing the Bias and Standard deviation of the 

chlorophyll differences that, with increasing lags in the model forecast Ancillary used in 

the processing, a small degradation is observed in both the bias and standard deviation, 

but it is still much smaller than the bias and standard deviation seen while using 
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Climatology for the Ancillary data. The drop in bias values is by almost a factor of 10 in 

both the North east and the smaller Chesapeake Bay region averages for all seasons. For 

the other regions the same result holds and in the case of Hawaii the bias values are an 

order of magnitude lower than for the other regions with the standard deviation remaining 

almost the same. 

 

From the tables (7 & 8) above for the North east region, the Absolute Relative errors in 

the nLw values estimated in the NRT stream using GFS model inputs, for all the relevant 

six bands except the nLw_667 band for the North east region do show that it is no more 

than 5 % at the extreme. Most values are in the 2 % to 3 % different from the science 

quality reprocessed values for the 443 nm, 488 nm, 531 nm and 551 nm bands used in the 

empirical band ratio Chlorophyll algorithms. 

 

The relative errors for the Chesapeake Bay region’s nLw values (Table 9) for all the 

bands decreases for the NCEP GFS generated values compared with Climatology, for all 

the seasons. The drop in the relative difference is most significant for the blue bands 412 

nm and 443 nm, from as high as ~50 % for Climatology to ~10 % when using the latest 

GFS forecast data. 

 

In the tables (8 & 10), we show the Bias and the standard deviation of the differences in 

the nLw values computed for all the six bands (412nm to 667nm). We see again some 

improvement in the standard deviation values with the GFS forecast compared to the 

Climatology, though the bias values do not show such a behavior in the data. There is a 

band, region and season dependence and no clear pattern emerges, though the GFS 

Ancillary data use does not particularly degrade the value of the nLw retrievals in 

general. 

 

From the table summarizing the data for the Gulf of Mexico in Table 11, we see that the 

standard deviation for the nLw differences using GFS forecasts made up to 48hr in 

advance is smaller than that for the cases using Climatology as Ancillary data for all 

seasons and regions. In the case of Bias this is true most of the time but not always with 
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some bands and seasons showing more sensitivity to the GFS model forecast. This could 

be a result of sampling errors, since we limited ourselves to only three representative 

days for the other regions. Similar results are seen also for the West Coast and Hawaii 

mostly. The Bias and Standard deviation of the difference for all the nLw bands decrease 

with the NCEP GFS forecast data as Ancillary. 

 

Taking averages for all seasons and regions in the table of relative errors for the derived 

Chlorophyll values, for each of the different Ancillary streams we see that the Absolute 

relative errors seem a good statistic to characterize the maximum difference. Climatology 

data usage yield a mean value for the relative error of  9.6%, whereas the GFS model 

forecast gives mean values of 6.7-8.3 % depending on the forecast lag. Since, we are 

aware of a few outliers in the data as evidenced in the table, the corresponding median 

values for the relative error are 4.3% for Climatology data and in the range 2.2-2.5% for 

GFS model data. If the same exercise is repeated for the signed value of the relative error 

the respective mean values is 8.6% for Climatology and 5.3-7.3% for GFS model data. 

The corresponding median values are 3.6% and 0.65-1.2 %.  

 

Similarly, the mean values for the bias in the case of climatology use comes out to be 

0.049; whereas the mean value of the bias for GFS model usage is in the range of 0.015-

0.018 a factor of 4-5 less showing considerable improvement with forecast data. The 

corresponding median values for the bias are 0.025 and 0.005 for climatology and GFS 

model, which clearly shows the same factor of difference and closing in on the accuracy 

of the measurements itself at the low end of the Chlorophyll concentration. The mean 

values for the standard deviation of the signed differences give a value of 1.31 for 

Climatology and in the range 1.004-1.11 for the GFS model use. The corresponding 

median values are 1.16 for Climatology and 0.96-1.01 for the GFS model. A few order of 

magnitude larger standard deviation values over the bias, indicates the large variation in 

the valid values for Chlorophyll which also spans a few orders of magnitude. It should 

also be noted that the region definitions used are also large and encompass coastal as well 

as open ocean waters. 
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For the nLw values we can also compute an average value for the relative errors for all 

season of a given region from the tables (8 & 9). The Climatology mean relative error for 

the Northeast region is around 6.59% and it reduces to 3.76% when using GFS model 

forecast for Ancillary data. The mean values for the standard deviation of the relative 

error is 7.05% and 3.47% respectively for Climatology and the GFS model data, 

indicating a spread in the relative error of the same order as the error itself. It has to be 

noted that the 412 nm and the 667nm band show larger relative errors which skews the 

average value higher. These bands are not used in the band ratio empirical algorithms 

used for calculating the Chlorophyll concentration. In the case of the subset of this region 

around the Chesapeake Bay the mean value of the relative error increases as expected for 

Climatology stream to 11.55% and for the GFS forecast data it is 6.16%, a factor of two 

more than when averaged over open ocean waters. However, the mean of the standard 

deviation values for this region, are 11.33% and 5.2% respectively for Climatology and 

GFS forecasts. This also shows that the mean and standard deviation values for the 

relative error are comparable for both region classifications. It is of significance to note 

that with the GFS forecast data as Ancillary, we have reduced the relative errors to 

around 6% or less, when compared with the use of Climatology data. If one excludes the 

412 nm and 667nm band from this average computation then we will likely yield a value 

much less than 5%.  It is ~ 3.4% for GFS use in the Chesapeake Bay region and 7.9% for 

Climatology data use. The same numbers for the Northeast region is 1.9% and 3.67%. 

This shows a very good agreement with the NASA OBPG derived science quality nLw 

values for those critical bands for the proposed NRT data stream and is quite 

encouraging.  

 

The data in the tables for the bias and standard deviation of nLw values from GFS model 

and Climatology when compared with the science quality OBPG data can be further 

summarized to arrive at some interesting results. Like we did before, taking the average 

over all seasons and all the nLw bands for the Northeast region alone, we get a mean 

value of the  bias for the GFS forecast data as 0.0015±0.0009 mW sr-1 cm-2 m-1 and for 

the Climatology data the mean value of the bias is -0.0035±0.006 mW sr-1 cm-2 m-1 

which shows that the nLw values are on average lower when using Climatology which 
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will lead to overestimation of Chlorophyll in the band ratio algorithms, since lower water 

leaving radiance implies more absorbing pigments in the water column. Restricting the 

mean value computation to the four bands 443, 488, 531 and 551 nm only, changes the 

mean value of the bias to 0.0016 mW sr-1 cm-2 m-1 and -0.002 mW sr-1 cm-2 m-1 for 

GFS and Climatology respectively. The GFS mean bias value is very stable as measured 

by the low value of the spread in the bias at 0.0009 mW sr-1 cm-2 m-1 whereas for 

Climatology it is an order higher at 0.006 mW sr-1 cm-2 m-1. 

 

Another interesting statistic to consider would be the aggregate standard deviation of the 

differences for all pixels in a region enumerated for each of the nLw band by season and 

model Ancillary used and do a comparison to get at the underlying spread in values at the 

resolution of a pixel level. The mean value for the standard deviation of all pixels for the 

Northeast region studies yields a value of 0.0267±0.011 mW sr-1 cm-2 m-1 in the case of 

GFS model forecast and a higher value of 0.038±0.018 mW sr-1 cm-2 m-1 in the case of 

Climatology indicating that the GFS model is a closer approximation to the science 

quality processing stream. There seem to be not much difference in the spread in the 

standard deviation values for all seasons and bands between the different Ancillary 

streams, though the mean value of the standard deviation for all data is higher in the case 

of Climatology.  

 

Similar exercise for the Chesapeake Bay a subset of the Northeast region which is mostly 

coastal waters and estuaries would be also very illustrative. From the table 10 for the 

Bay, we estimate the mean value of the bias to be 0.0059±0.0031 mW sr-1 cm-2 m-1 for 

the GFS model data and -0.0027±0.0053 mW sr-1 cm-2 m-1 for the Climatology data. We 

see here again that the Climatology nLw mean bias is negative, indicating an 

underestimation of the water leaving radiance overall which can lead to higher 

Chlorophyll values in the estuaries and coastal regions. The GFS mean bias is also higher 

for the Chesapeake Bay subset when compared to the larger Northeast region, so also is 

the spread of the mean values for the region subset; the GFS data still yields a slightly 

lower spread in the mean bias when compared to Climatology always even with the 

region subset. Restricting the mean computation again to only the four bands (443nm to 
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551nm) like before, gives mean bias values of 0.0061 mW sr-1 cm-2m-1 and -0.0019 mW 

sr-1 cm-2 m-1 for GFS and Climatology respectively. The aggregate values for the 

standard deviation of the differences for all pixels, when averaged over all seasons and 

nLw bands gives, a larger value of 0.0389±0.0134 mW sr-1 cm-2 m-1 for the GFS data 

and 0.0529±0.0191 mW sr-1 cm-2 m-1 for the Climatology data. This is higher than 

values in the previous paragraph for the larger area representing the Northeast data and is 

expected of coastal waters where there is a larger variability due to constituent loading of 

the water from land based effluents as well as the atmospheric contamination from 

aerosols other than of marine origin. Excluding the 412nm and 667nm band from this 

calculation does not change the mean value of the standard deviation by any significant 

amount for the limited Chesapeake Bay region like with the case of the larger Northeast 

box.  

 

For the other regions we studied due to limited number of days included in the study we 

summarize only the absolute relative error estimates for the nLw values when using 

Climatology and GFS model data. For the West Coast region the mean value of the 

relative error for nLw is 3.624±4.397 % with the GFS data when compared with 

6.834±4.707 % when using Climatology. For the four central bands this number further 

reduced to 1.54 % and 4.23 % respectively.  The lower latitude regions like the Gulf of 

Mexico have mean values for the relative error at 2.88±3.76 % and 4.84±6.15 % for GFS 

and Climatology data when used. For Hawaii which is largely open ocean water, the 

values drop further to 0.95±1.68 % and 2.24±4.11 % respectively. The associated 

uncertainty values given with the relative error estimates are the standard deviation of the 

mean relative error when averaged over the bands and seasons. When the above estimates 

are limited to the central bands the corresponding value drop to 0.243 % and 0.619 % for 

Hawaii, 0.89 % and 1.55 % for the Gulf of Mexico region. This indicates that large 

uncertainty in the aggregated means is mostly due to the 412 nm and 667nm bands 

returning larger relative errors as seen in the tables 14-16 for the absolute relative errors 

and not entirely due to contributions from seasonal changes. 
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Chlorophyll image comparison 

 

We compare below images from figures 30, 35 of the processed Ocean color data with 

the various schemes analyzed above as input for Ancillary data. From the Chlorophyll 

image comparisons for the month of April (figure 35) one can tell that the NCEP-GFS is 

closer to the science quality data stream produced at NASA than the NOAA NRT 

products created using Climatology datasets for Ancillary.  It is quite prominent in the 

case of Northeast data for the month of April (figure 38). The top row of this figure 

shows the Climatology Ancillary created product, the middle row shows the one created 

using NASA OBPG Ancillary data and the bottom row ones using NCEP GFS Ancillary 

data. For April which is the second column in the collection, the waters off the 

Newfoundland coast show large Chlorophyll concentration values when compared to 

science quality processed images. This could probably be explained by the large 

uncertainty in nLw values introduced for pixels with large solar zenith angles and large 

sensor viewing angles with incorrect wind speed values as explained in the paper by M. 

Wang (2002) on Raleigh lookup tables used in Atmospheric correction processes.  

 

We also analyzed the region of immediate interest the Chesapeake Bay region images. 

Difference images of the monthly composite Chlorophyll image product with the science 

quality stream using NASA Ancillary is given in the figures 33-37. We do see 

improvement in the retrieval values for Chlorophyll when the processing uses the GFS 

forecast products for the Ancillary data over climatology (figures 34 and 35). We also see 

some degradation in the product quality when forecast data with a more than 48 hrs lag 

(figure 37), is used in the processing. In real time data processing, we would limit 

ourselves to at most 24-hr old forecast data for Ancillary, since we have at least 4 choices 

per day to select from, and it is very unlikely that the 48 hr forecasts will be used in near 

real time processing.  

 

For the other regions studied, since the processing was limited to representative samples 

of three days from each season we do not present the difference images due to the sparse 

data in the image map. We shall present those results in a summary tabular format for 
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reference. The mean value of the Chlorophyll difference is approximately ~ 0.03 mg m-3 

in the open ocean waters and 0.1 mg m-3 in the estuaries and coastal waters. The standard 

deviation of the Chlorophyll retrievals is approximately in the range 0.4 – 1.0 mg m-3 for 

the Northeast region depending on the season. In the case of the Chesapeake Bay region 

it increases to a mean value of 0.027 to 0.096 mg m-3 and the standard deviation ranges 

from values of 1.5 to 3.7 mg m-3. It has the highest variability in summer as seen in the 

July data from the summary on Chlorophyll statistics Table 6. 
  

We also studied the nLw values for the Northeast region and the results from that 

analysis is summarized below as a time series of the difference between the NCEP GFS 

processed retrievals with that from the NASA OBPG science quality Ancillary processed 

retrievals for all the ocean bands of Aqua. Of these the 531nm and the 551nm bands are 

the most sensitive to ozone and hence of interest. The absolute differences in the nLw 

values are not more than 0.005 (mW cm-2 sr-1 m-1) for 443nm and 488nm bands and it is 

less than 0.01 (mW cm-2 sr-1 m-1) for the 531nm and 551nm bands most sensitive to 

Ozone absorption. 

 

Case study Day106 
 
 
We observe that our current standard Ocean Color product which uses climatology for 

Ancillary does have some oddities when compared with NASA OBPG produced products 

for the same day. One such example we shall discuss in some detail is for day 106 of 

2009 for the Northeast region. We noticed that a large number of pixels were being 

flagged as cloud pixels close to shore as well as out to open ocean waters. There were no 

nLw values reported for these pixels as they were getting masked by the cloud algorithm 

at the L1B to L2 stage itself.  

 

We processed this particular granule (MODIS file: MODSCW_P2009106_1800) in 

question using three difference streams of Ancillary data, just as was discussed in the 

seasonal study. We found that the only stream where this masking was getting introduced 
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was while using Climatology Ancillary datasets. We then further investigated the 

individual ancillary parameters and made difference maps for each parameter. For this 

granule, the Climatology Ozone differences in the sub region of the granule in question 

were the least when compared to definitive ancillary values from the OBPG set. But we 

did find differences in the wind speed to be large while using climatology. There is 

already a published work by M. Wang [78] which shows the sensitivity of the radiances 

calculated assuming zero wind speed, in the NIR bands for different wind speed values. It 

has been shown there that the delta-L change to radiance is negative for the 869 nm bands 

with increasing wind speed values. So when using climatology data which always has 

lower mean values for the wind speed, the expected correction for the Rayleigh scattering 

is a smaller quantity, leaving a larger part for the rest of the total radiance measured at the 

top of the atmosphere, left to be accounted for by aerosols of various kinds which also 

include clouds. Note that the 869 nm band reflectance is used by the cloud mask 

algorithm with a threshold value of 0.027 to trigger the cloud mask. The difference map 

of the rho_869 band values between climatology and NASA reprocessed science quality 

data do not entirely account for this underestimate. As seen in the figure 48 it does not 

recreate the contours of the cloud mask seen in the chlorophyll image.  

 

There could be other effects which are more dominant in this particular case. For the day 

in question climatology wind speed values for the pixels in question are very low when 

compared to the ambient wind conditions. This in effect means that the correction for the 

atmosphere contribution part through the Raleigh scattering term as shown in equation 

(1) is under evaluated leaving large uncorrected values for the total TOA radiance in the 

869nm band. The low wind speed values have another important effect, that of under 

accounting for the sun-glint. It has already been well established that lower wind speed in 

certain ranges for the sensor viewing angles, leads to lower estimates for the sun glint 

radiance [Wang and Bailey 2001]. This again implies that for those pixels the glint 

correction applied is lower than for the ambient higher wind speed conditions with 

associated sun glint. The 869 nm band reflectance is left with a value higher than the 

threshold value set at 0.027 for the cloud mask to be flagged for those pixels. This is well 

illustrated in the figure 49 which shows the delta_869, defined to be the value of the 
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reflectance above the threshold of 0.027. For those regions where the glint correction 

value is lower than this difference delta_869, the under-correction still leaves those pixels 

with positive residuals above the threshold for determining presence of cloud.  

 

The image map of the sunglint radiance, tLg_869 and the respective difference maps for 

climatology and NASA definitive reprocessing shown in figures 50-52 further 

corroborate the fact that the glint contribution is underestimated in the case of 

Climatology. As seen in the images of chlorophyll processed with Climatology, NASA 

OBPG and NCEP GFS Ancillary data the contour of the cloud masks overlap the region 

of rhos_869 above threshold (fig 49) and difference in glint radiance (fig 52). Further the 

image maps of the glint coefficient for the two separate cases processed using different 

ancillary data show significant difference. What is interesting to also note is that the 

rhos_869 reflectance is not very different between data processed with the two ancillary 

streams indicating that the glint correction is not applied to the surface reflectance values 

at the top of the atmosphere (TOA) as expected though the corrected values are assumed 

to be used by the cloud masking algorithm. This example clearly illustrates the case why 

there is a need to use the NCEP GFS Ancillary data in our near real time products, to 

keep as many good pixels as possible which are critical for our users. 

 

Conclusions: 
 
The current usage of Climatology Ancillary data in operational Ocean Color processing is 

shown to introduce large errors in the Chlorophyll concentration retrieval values which 

are used for many useful routine forecasts like the Harmful algal bloom products. 

Amongst the alternative schemes explored we have shown conclusively that the NCEP 

GFS model forecast values for the Ancillary data necessary improves substantially the 

retrieval values for Ocean Color and brings it closer to the baseline retrieval values from 

the reprocessing done using definitive Ancillary datasets at NASA. We also show that the 

minimal impact to the quality of retrieval values are ensured by using the nowcast data 

when available or any forecast data within a 24hr lag window from the time of 

observation of the satellite data. Further, since the masking for clouds and other ambient 
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conditions is more representative while using the GFS forecast data when compared with 

climatology, thereby resulting in increasing the number of successful retrievals and 

overall product quality improvements in the near real time Ocean Color processing 

stream. 
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Table 1 Ancillary data (Ozone) difference: 

Bias & Standard Deviation of the Difference (Ozone [Clim, 1day, GFS] – OzoneOBPG) 

Stdev is measured with NASA OBPG Ancillary as baseline value in Dobson units 

Region Season Climatology 1-day lag T00F00F18 T12F12F30 T00F24F42 

Jan 15.82 ± 17.11 1.16 ± 11.11 10.03 ± 8.70 10.84 ± 9.80 11.64 ± 10.21 

Apr 39.01 ± 17.53 0.19 ± 10.49 7.37 ± 6.33 5.91 ± 6.62 5.90 ± 6.89 

Jul 22.43 ± 9.58 0.07 ± 4.05 3.43 ± 4.14 3.18 ± 4.54 1.89 ± 4.34 
NE 

Oct 1.65 ± 8.77 1.39 ± 6.83 1.61 ± 5.77 0.94 ± 5.30 0.61 ± 5.50 

Jan 13.03 ± 5.41 0.24 ± 3.45 0.24 ± 3.73 -1.42 ± 3.96 -1.59 ± 3.89 

Apr 23.17 ± 9.16 0.77 ± 3.48 3.26 ± 3.26 2.72 ± 3.48 2.53 ± 3.54 

Jul 11.53 ± 8.14 0.15 ± 5.11 -3.46 ± 5.20 -3.79 ± 5.46 -3.97 ± 5.80 
GM 

Oct 7.98 ± 6.45 -0.28 ± 4.11 -5.22 ± 3.92 -5.22 ± 3.91 -5.42 ± 3.90 

Jan 1.53 ± 17.39 -0.08 ± 14.35 12.78 ± 10.55 11.18 ± 10.61 12.86 ± 10.76 

Apr 23.08 ± 17.73 -0.38 ± 15.76 10.66 ± 9.21 11.44 ± 9.79 9.48 ± 9.63 

Jul 28.91 ± 10.24 -0.08 ± 6.54 7.94 ± 5.87 7.26 ± 5.58 5.89 ± 5.46 
WC 

Oct 8.05 ± 9.12 0.71 ± 9.96 0.02 ± 5.41 0.02 ± 5.59 -1.39 ± 5.72 

Jan 8.52 ± 7.90 0.19 ± 4.87 3.20 ± 4.70 5.83 ± 5.40 5.09 ± 5.45 

Apr 15.65 ± 10.69 0.37 ± 6.29 2.39 ± 5.12 3.99 ± 5.80 3.76 ± 5.92 

Jul 5.84 ± 5.61 0.29 ± 3.01 -5.54 ± 3.23 -4.76 ± 3.51 -4.82 ± 3.67 
HI 

Oct 2.10 ± 5.39 -0.51 ± 4.80 -7.27 ± 4.67 -6.24 ± 4.64 -7.18 ± 4.90 
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Table 2 Ancillary data (Wind Speed) difference: 

Bias & Standard Deviation of the Difference (Wind speed [Clim, 1day, GFS] – Wind speedOBPG) 

Stdev is measured with NASA OBPG Ancillary as baseline value in ms-1 

Region Season Climatology 1-day lag T12F00F24 T00F12F36 T12F24F48 

Jan -5.43 ± 2.65 -0.03 ± 2.72 -0.03 ± 0.11 -0.56 ± 1.02 -0.40 ± 1.21 

Apr -6.33 ± 2.90 -0.08 ± 2.20 -0.04 ± 0.14 -0.26 ± 0.86 -0.17 ± 1.18 

Jul -3.21 ± 2.06 -0.04 ± 1.56  0.01 ± 0.09 -0.15 ± 0.81 0.05 ± 1.00 
NE 

Oct -6.64 ± 2.79  0.11 ± 2.26 -0.01 ± 0.10 -0.37 ± 0.88 -0.13 ± 1.08 

Jan -4.80 ± 2.59 -0.02 ± 2.05 -0.08 ± 0.25 -0.42 ± 0.81 -0.39 ± 0.93 

Apr -3.23 ± 2.00 -0.01 ± 1.63 -0.06 ± 0.17 -0.22 ± 0.69 -0.09 ± 0.81 

Jul -2.06 ± 1.73  0.07 ± 1.16 -0.06 ± 0.13 -0.19 ± 0.61 -0.09 ± 0.75 
GM 

Oct -2.95 ± 1.81  0.08 ± 1.47 -0.03 ± 0.21 -0.25 ± 0.79 -0.14 ± 0.88 

Jan -6.91 ± 3.75  0.02 ± 2.62 -0.22 ± 0.57 -0.22 ± 0.78 -0.15 ± 1.01 

Apr -3.84 ± 2.58 -0.02 ± 2.11 -0.12 ± 0.45 -0.17 ± 0.63 -0.18 ± 0.91 

Jul -1.58 ± 1.97 -0.01 ± 1.76 -0.05 ± 0.41 -0.03 ± 0.58 -0.01 ± 0.75 
WC 

Oct -4.40 ± 3.04  0.01 ± 2.44 -0.23 ± 0.53 -0.25 ± 0.77 -0.11 ± 1.01 

Jan -3.86 ± 2.34  0.01 ± 1.31 -0.05 ± 0.15 -0.19 ± 0.53 -0.20 ± 0.68 

Apr -0.98 ± 1.54 -0.01 ± 1.24  0.03 ± 0.16 -0.001 ± 0.51 -0.09 ± 0.76 

Jul 0.06 ± 1.15  0.05 ± 0.97  0.01 ± 0.13 -0.05 ± 0.45 -0.09 ± 0.57 
HI 

Oct -1.53 ± 1.53  0.06 ± 1.34 0.003 ± 0.14 -0.08 ± 0.51 -0.06 ± 0.74 
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Table 3 Ancillary data (Water Vapor) difference:  

Bias & Standard Deviation of the Difference (Water Vapor [Clim, 1day, GFS] – Water VaporOBPG) 

Stdev is measured with NASA OBPG Ancillary as baseline value 

Region Season Climatology 1-day lag T12F00F24 T00F12F36 T12F24F48 

Jan -2.14 ± 4.43 -0.10 ± 5.66 -0.06 ± 0.37 -0.32 ± 0.96 -0.47 ± 1.44 

Apr -3.97 ± 5.05 -0.09 ± 5.50 -0.07 ± 0.49 -0.36 ± 1.17 -0.61 ± 1.80 

Jul -4.99 ± 5.08 0.12 ± 5.51 -0.11 ± 0.69 -0.28 ± 1.76 -0.57 ± 2.67 
NE 

Oct 0.39 ± 4.96 -0.74 ± 5.74 0.08 ± 0.51 -0.05 ± 1.31 -0.06 ± 1.96 

Jan -3.47 ± 4.59 -0.10 ± 5.38 -0.01 ± 0.44 -0.54 ± 1.18 -0.51 ± 1.82 

Apr -4.09 ± 4.48 -0.28 ± 4.68 0.06 ± 0.44 -0.31 ± 1.28 -0.57 ± 1.79 

Jul -4.56 ± 4.60 -0.01 ± 3.80 0.11 ± 0.33 -0.55 ± 1.39 -0.54 ± 1.95 
GM 

Oct -3.03 ± 5.74 -0.35 ± 6.23 0.04 ± 0.29 -0.59 ± 1.45 -0.99 ± 2.33 

Jan 0.93 ± 3.18 -0.03 ± 3.95 -0.002 ± 0.22 -0.19 ± 0.81 -0.31 ± 1.27 

Apr -1.09 ± 3.02 0.02 ± 3.83 0.02 ± 0.26 -0.34 ± 0.80 -0.42 ± 1.26 

Jul -5.09 ± 4.61 -0.02 ± 4.08 -0.03 ± 0.33 -0.58 ± 1.22 -0.53  ±1.73 
WC 

Oct -1.64 ± 4.03 -0.12 ± 4.92 -0.01 ± 0.27 -0.09 ± 0.99 -0.04 ± 1.64 

Jan -1.52 ± 3.72 -0.11 ± 3.54 0.04 ± 0.40 -0.36 ± 1.24 -0.11 ± 1.92 

Apr -5.88 ± 4.48 0.18 ± 3.03 -0.07 ± 0.46 -0.43 ± 1.24 -0.15 ± 1.77 

Jul -3.71 ± 4.09 0.11 ± 3.48 -0.07 ± 0.44 -0.63 ± 1.32 -0.31 ± 1.93 
HI 

Oct -2.31 ± 3.97 0.04 ± 4.09 -0.03 ± 0.46 -0.26 ± 1.46 0.02 ± 2.26 
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Table 4 Ancillary data (Pressure) difference:  

Bias & Standard Deviation of the Difference (Pressure [Clim, 1day, GFS] – PressureOBPG) 

Stdev is measured with NASA OBPG Ancillary as baseline value 

Region Season Climatology 1-day lag T12F00F24 T00F12F36 T12F24F48 

Jan -2.929 ± 3.261 0.195 ± 4.298 0.164 ± 0.198 -0.156 ± 0.401 -0.031 ± 0.560 

Apr -1.418 ± 3.087 -0.491 ± 3.015 0.133 ± 0.197 0.008 ± 0.344 0.123 ± 0.564 

Jul 0.558 ±1.803 -0.259 ± 1.411 0.035 ± 0.115 -0.005 ± 0.288 0.333 ± 0.440 

NE 

Oct -1.489 ± 2.670 0.589 ± 2.690 0.081 ± 0.137 -0.192 ± 0.305 -0.163 ± 0.430 

Jan -0.533 ± 2.011 -0.204 ± 1.941 0.122 ± 0.162 -0.013 ± 0.249 0.094 ± 0.342 

Apr 0.589 ± 1.428  0.011 ± 1.173 0.050 ± 0.090 -0.313 ± 0.245 -0.216 ± 0.308 

Jul 0.855 ± 1.082 -0.090 ± 0.738 -0.059 ± 0.072 -0.357 ± 0.238 -0.445 ± 0.350 

GM 

Oct -1.774 ± 1.265 0.386 ± 0.875 0.011 ± 0.098 -0.280 ± 0.222 -0.362 ± 0.295 

Jan 1.698 ± 6.384 0.237 ± 4.356 0.226 ± 0.229 0.421 ± 0.474 0.709 ± 0.659 

Apr -1.823 ± 3.067 0.105 ± 2.846 0.342 ± 0.220 0.275 ± 0.348 0.008 ± 0.505 

Jul 2.492 ± 2.926 0.085 ± 2.051 0.428 ± 0.218 0.465 ± 0.344 0.515 ± 0.446 

WC 

Oct -1.168 ± 4.030 -0.080 ± 3.497 0.251 ± 0.208 0.143 ± 0.358 -0.057 ± 0.583 

Jan -2.600 ± 2.075 0.125 ± 0.786 0.013 ± 0.087 0.094 ± 0.210 0.306 ± 0.325 

Apr -0.594 ± 1.204 -0.048 ± 0.836 0.051 ± 0.091 0.183 ± 0.202 0.245 ± 0.310 

Jul -0.215 ± 0.887 0.051 ± 0.562 0.099 ± 0.078 0.358  ± 0.201 0.606 ± 0.277 

HI 

Oct -1.526 ± 0.977 0.094  ± 0.773 0.073 ± 0.080 0.149 ± 0.179 0.362 ±  0.284 
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Table 5 Chlorophyll Relative Error: (ChlorGFS – Chlor OBPG) / Chlor OBPG            

The absolute value of the relative error is also given within brackets. 

Region Season 
Climatology 

(%) 

T00F12F24 

(%) 

T00F36F48 

(%) 

T00F60F72 

(%) 

Jan 70.58 (71.49)  31.80 (32.53) 41.92 (42.6) 35.53 (36.14) 

Apr 7.03 (7.62) 0.93 (1.91) 0.67 (2.15) 0.81 (2.80) 

Jul 3.60 (4.28) 1.14 (2.23) 0.90 (2.40) 1.08 (2.62) 
NE 

Oct 4.16 (6.52) 1.73 (3.42) 1.90 (3.75) 2.02 (4.03) 

Jan 4.17 (4.38) 0.30 (1.12) 0.62 (1.14) 0.51 (1.28) 

Apr 3.13 (3.88) 1.79 (2.26) 2.01 (2.76) 1.88 (2.49) 

Jul 0.80 (1.24) 0.09 (1.68) 0.35 (1.98) 0.22 (1.77) 
GM 

Oct 2.57 (5.05) 2.55 (4.77) 0.98 (3.13) 0.34 (2.27) 

Jan 45.99 (47.38) 93.63 (93.76) 53.99 (54.29) 54.45 (54.71) 

Apr 3.18 (3.42) 1.17 (1.42) 1.18 (1.64) 0.78 (1.59) 

Jul 2.55 (2.75) 0.58 (0.91) 0.11 (0.66) 0.09 (0.60) 
WC 

Oct 2.52 (3.83) 1.49 (3.21) 1.81 (3.90) 1.17 (3.68) 

Jan 0.21 (0.99) 0.40 (0.48) 0.40 (0.62) 0.27 (0.46) 

Apr 2.16 (2.22) -0.08 (0.48) 0.07 (0.60) 0.15 (0.52) 

Jul 3.92 (5.45) 0.52 (2.25) 0.26 (1.90) 0.46 (2.25) 
HI 

Oct -0.06 (0.30) -0.41 (0.46) -0.48 (0.50) -0.45 (0.45) 

Jan 4.28 (7.71) 3.44 (4.50) 3.18 (4.38) 5.87 (7.06) 

Apr 3.53 (4.01) 1.73 (1.73) 0.05 (2.25) -0.02 (2.60) 

Jul 4.69 (5.44) 2.64 (4.33) 1.42 (3.55) 1.60 (3.51) 
CY 

Oct 2.35 (4.98) -0.10 (2.54) -0.44 (2.45) 0.02 (2.52) 
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Table 6 Bias & Stdev of the Chlorophyll differences: (ChlorGFS – ChlorOBPG) 

Region Season Climatology T00F12F24 T00F36F48 T00F60F72 

Jan 0.026±0.536 0.012±0.389 0.014±0.421 0.017±0.453 

Apr 0.115±1.419 0.023±0.989 0.016±1.103 0.022±1.131 

Jul 0.030±1.156 0.007±1.087 0.009±1.149 0.012±1.168 

NE 

Oct 0.024±1.159 -0.002±0.694 -0.003±0.839 0.001±0.856 

Jan 0.011±0.353 0.004±0.259 0.004±0.347 0.005±0.389 

Apr 0.073±2.410 -0.0003±1.52 -0.007±1.624 -0.013±2.138 

Jul 0.008±0.963 0.007±0.939 0.007±0.825 0.006±0.941 

GM 

Oct 0.018±1.339 -0.005±1.037 -0.007±1.118 -0.005±1.171 

Jan 0.009±0.199 0.009±0.168 0.007±0.165 0.007±0.195 

Apr 0.047±2.272 0.006±1.697 0.005±1.755 0.0004±2.059 

Jul 0.025±1.616 0.004±1.218 0.004±1.056 0.004±1.081 

WC 

Oct 0.007±0.598 -0.004±0.377 -0.007±0.399 -0.008±0.480 

Jan -0.0002±0.002 0.0001±0.002 0.0001±0.002 0.0001±0.001 

Apr 0.0013±0.006 0.0000±0.003 0.0002±0.003 0.0002±0.0032 

Jul 0.0019±0.010 -0.0003±0.003 -0.0002±0.003 -0.0003±0.003 

HI 

Oct -0.00005±0.001 -0.0001±0.001 -0.0002±0.001 -0.0002±0.001 

Jan 0.097±1.808 0.065±1.468 0.078±1.659 0.133±1.679 

Apr 0.169±3.139 0.096±2.524 0.094±2.915 0.061±2.831 

Jul 0.203±3.943 0.048±3.684 0.068±3.591 0.089±3.471 

CY 

Oct 0.112±3.214 0.027±2.022 0.021±2.103 0.038±2.103 
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Table 7  Absolute Relative errors (%) for the nLw values for the North East region 

Region Season Climatology 
412nm 

(%) 

443nm 

(%) 

488nm 

(%) 

531nm

(%)  

551nm 

(%) 

667nm 

(%)  

Climatology 11.25  9.03  2.32  5.05  8.23  27.81  

T00F12F24 3.19 2.47 0.85 2.24 3.88 12.48 

T00F36F48 4.22 3.52 1.09 2.67 4.49 14.15 
Jan 

T00F60F72 6.10 4.51 1.41 3.05 4.86 16.60 

Climatology 15.61 7.22 2.08 2.19 2.69 20.82 

T00F12F24 4.74 1.98 0.85 0.93 1.12 8.12 

T00F36F48 6.67 2.83 1.07 1.12 1.32 9.37 
Apr 

T00F60F72 7.74 3.68 1.35 1.41 1.65 11.99 

Climatology 4.50 2.11 1.10 1.34 1.81 11.12 

T00F12F24 2.57 1.23 0.79 0.97 1.25 7.68 

T00F36F48 2.84 1.53 0.96 1.16 1.47 9.47 
Jul 

T00F60F72 3.01 1.63 1.02 1.19 1.50 9.66 

Climatology 18.09 6.90 2.01 2.21 2.54 16.51 

T00F12F24 4.08 1.79 0.52 0.74 0.97 6.30 

T00F36F48 5.99 2.36 0.67 0.85 1.06 6.91 

NE 

Oct 

T00F60F72 7.15 2.95 8.35 0.99 1.22 8.31 

 

Table 8 Bias & Standard deviation for nLw values in the Northeast region 

Region Season Climatology 412nm 443nm 488nm 531nm 551nm 667nm 

Climatology -0.0002±0.0568 -0.0003±0.0465 0.0022±0.0352 0.0061±0.0356 0.0068±0.0355 0.00167±0.0162 

T00F12F24 0.0007±0.0286 0.0005±0.0250 0.0012±0.0208 0.0028±0.0211 0.0031±0.0209 0.0007±0.0109 

T00F36F48 0.0020±0.0319 0.0015±0.0276 0.0020±0.0229 0.0038±0.0233 0.0041±0.0232 0.0009±0.0116 
Jan 

T00F60F72 0.0031±0.0375 0.0023±0.0322 0.0028±0.0263 0.0049±0.0269 0.0053±0.0269 0.0012±0.0128 

Climatology -0.0149±0.0712 -0.0113±0.0590 -0.0042±0.0416 0.003±0.0339 0.0045±0.0325 0.0011±0.0141 

T00F12F24 0.0012±0.0402 0.0011±0.0343 0.0011±0.0256 0.0014±0.0199 0.0016±0.0185 0.0004±0.0086 

T00F36F48 0.0019±0.0482 0.0016±0.0404 0.0012±0.0297 0.0011±0.0229 0.0011±0.0211 0.0003±0.0096 
Apr 

T00F60F72 0.0006±0.0599 0.0007±0.0510 0.0006±0.0378 0.0005±0.0287 0.0005±0.0265 0.0002±0.0118 

Climatology -0.0152±0.0630 -0.011±0.0522 -0.005±0.0359 0.001±0.0252 0.0018±0.0238 0.0005±0.009 

T00F12F24 0.0035±0.0499 0.0031±0.0439 0.0026±0.0336 0.0023±0.0251 0.0023±0.0234 0.0008±0.0103 

T00F36F48 0.0026±0.0593 0.0026±0.0520 0.0023±0.0393 0.0019±0.0291 0.0019±0.0271 0.0008±0.0116 
Jul 

T00F60F72 0.0021±0.0621 0.0021±0.0545 0.0019±0.0413 0.0016±0.0306 0.0016±0.0284 0.0008±0.0124 

Climatology -0.0189±0.0682 -0.0143±0.0535 -0.0079±0.0365 -0.0045±0.0287 -0.0034±0.0259 -0.0009±0.0128 

T00F12F24 0.0015±0.0254 0.0010±0.0209 0.0003±0.0159 -0.0003±0.0137 -0.0004±0.0128 -0.0001±0.0071 

T00F36F48 0.0026±0.0299 0.0019±0.0244 0.0008±0.0179 -0.0001±0.0148 -0.0003±0.0137 -0.0001±0.0075 

NE 

Oct 

T00F60F72 0.0016±0.0350 0.0010±0.0283 0.0002±0.0203 -0.0005±0.0165 -0.0006±0.0151 -0.0002±0.0081 
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Table 9 Absolute Relative Errors in nLw values for the Chesapeake Bay 

Region Season Climatology 
412nm 

(%) 

443nm 

(%) 

488nm 

(%) 

531nm 

(%) 

551nm 

(%) 

667nm 

(%) 

Climatology 50.66   26.58 11.33 12.57 14.54 30.07 

T00F12F24 12.16  9.19 2.26 2.63 2.99 17.25 

T00F36F48 15.54 12.21 3.01 3.63 4.08 12.31 
Jan 

T00F60F72 21.29 13.22 4.25 5.27 5.91 26.41 

Climatology 17.40 7.93 2.60 1.93 1.84 6.54 

T00F12F24 5.23 2.61 0.80 0.76  0.69  3.56 

T00F36F48 6.82 2.96 0.85 0.78 0.80 3.69 
Apr 

T00F60F72 8.47 3.68 1.07 0.86 0.88 5.58 

Climatology 26.29 10.64 2.63 1.61 1.71 14.62 

T00F12F24 10.72  5.14 2.63  2.21 2.42  16.85  

T00F36F48 11.31 8.25 3.18 2.55 2.79 18.23 
Jul 

T00F60F72 10.58 7.74 2.91 2.25 2.43 16.32 

Climatology 40.33  19.66 4.59 3.30 3.15 10.93 

T00F12F24 15.55  7.38 1.54  0.99 0.97  2.81 

T00F36F48 15.84 7.68 1.38 1.03 1.03 3.06 

CY 

Oct 

T00F60F72 17.23 7.80 1.75 1.08 1.02 3.53 

 
 

Table 10 Bias & Standard deviation of nLws for the Chesapeake Bay region 

Region Season Climatology 412nm 443nm 488nm 531nm 551nm 667nm 

Climatology -0.002±0.089 -0.003±0.081 0.001±0.066 0.007±0.059 0.009±0.056 0.002±0.032 

T00F12F24 0.006±0.049 0.004±0.046 0.005±0.039 0.008±0.034 0.009±0.031 0.002±0.0198 

T00F36F48 0.009±0.053 0.007±0.049 0.007±0.041 0.010±0.036 0.011±0.033 0.002±0.021 
Jan 

T00F60F72 0.009±0.056 0.007±0.052 0.009±0.043 0.015±0.039 0.017±0.037 0.003±0.022 

Climatology -0.0150±0.060 -0.0130±0.055 -0.0080±0.044 -0.001±0.035 0.0001±0.032 -0.0003±0.017 

T00F12F24 -0.0002±0.034 -0.0002±0.031 -0.0005±0.025 -0.001±0.019 -0.001±0.0176 -0.0003±0.009 

T00F36F48 -0.0003±0.038 -0.0003±0.036 -0.0009±0.029 -0.002±0.002 -0.002±0.020 -0.0005±0.011 
Apr 

T00F60F72 0.001±0.046 0.001±0.042 -0.001±0.033 -0.002±0.026 -0.003±0.024 -0.001±0.013 

Climatology -0.007±0.078 -0.005±0.072 -0.0003±0.058 0.005±0.045 0.006±0.041 0.002±0.022 

T00F12F24 0.018±0.078 0.017±0.073 0.014±0.060 0.012±0.047 0.012±0.043 0.005±0.022 

T00F36F48 0.0197±0.086 0.0187±0.080 0.0160±0.066 0.014±0.051 0.013±0.047 0.006±0.024 
Jul 

T00F60F72 0.0197±0.085 0.0186±0.080 0.0157±0.066 0.013±0.051 0.013±0.047 0.013±0.047 

Climatology -0.013±0.079 -0.011±0.073 -0.007±0.058 -0.005±0.048 -0.005±0.043 -0.001±0.026 

T00F12F24 0.009±0.046 0.007±0.042 0.003±0.034 0.001±0.028 0.0003±0.026 -0.0003±0.016 

T00F36F48 0.008±0.046 0.006±0.042 0.002±0.034 0.000±0.027 -0.001±0.025 -0.0004±0.016 

CY 

Oct 

T00F60F72 0.004±0.050 0.003±0.046 0.001±0.037 -0.0004±0.029 -0.0001±0.027 -0.0003±0.017 
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Table 11 Bias & Stdev for the Gulf of Mexico region 

Region Season Climatology 412nm 443nm 488nm 531nm 551nm 667nm 

Climatology -0.0201±0.0573 -0.0144±0.0435 -0.0059±0.0249 0.0005±0.0175 0.0021±0.0163 0.0004±0.0075 

T00F12F24 -0.0020±0.0209 -0.0016±0.0176 -0.0008±0.0127 0.00004±0.010 0.0003±0.0095 0.0001±0.0047 

T00F36F48 0.0009±0.0227 0.0008±0.0189 0.0008±0.0136 0.0012±0.0109 0.0012±0.0097 0.0004±0.0053 
Jan 

T00F60F72 0.0006±0.0252 0.0006±0.0210 0.0007±0.0150 0.0012±0.0123 0.0012±0.0111 0.0004±0.0056 

Climatology -0.0136±0.0543 -0.0103±0.0462 -0.0044±0.0335 0.0017±0.0258 0.0026±0.0246 0.0007±0.0119 

T00F12F24 0.0067±0.0380 0.0055±0.0321 0.0041±0.0232 0.0038±0.0174 0.0035±0.0166 0.0008±0.0078 

T00F36F48 0.0055±0.0395 0.0046±0.0334 0.0033±0.0239 0.0027±0.0175 0.0028±0.0168 0.0006±0.0081 
Apr 

T00F60F72 0.0045±0.0396 0.0039±0.03421 0.0032±0.0255 0.0033±0.0200 0.0035±0.0190 0.0007±0.0101 

Climatology -0.0004±0.0399 -0.0001±0.0340 0.0003±0.02483 0.0005±0.0179 0.0007±0.0168 0.0003±0.0075 

T00F12F24 0.0028±0.0313 0.0020±0.0277 0.0008±0.0213 -0.0007±0.0160 -0.0009±0.0152 -0.0001±0.0068 

T00F36F48 0.0041±0.0404 0.0031±0.0359 0.0015±0.0273 -0.0003±0.0202 -0.0006±0.0192 -0.0001±0.0084 
Jul 

T00F60F72 0.0046±0.0313 0.0035±0.0261 0.0017±0.0017 -0.0003±0.0122 -0.0006±0.0115 -0.0001±0.0046 

Climatology -0.0125±0.0554 -0.0104±0.0454 -0.0073±0.0309 -0.0058±0.0229 -0.0054±0.0207 -0.0017±0.0089 

T00F12F24 0.0084±0.0500 0.0052±0.0285 0.0024±0.0195 -0.0002±0.0139 -0.0007±0.0125 -0.0001±0.0059 

T00F36F48 0.0043±0.0295 0.0067±0.0351 0.0034±0.0237 0.0007±0.0168 0.0001±0.0149 0.0001±0.0068 

GM 

Oct 

T00F60F72 0.0065±0.0418 0.0064±0.0409 0.0035±0.0275 0.0014±0.0192 0.0009±0.0171 0.0002±0.0073 

 

Table 12  Bias & Stdev for the West Coast region 

Region Season Climatology 412nm 443nm 488nm 531nm 551nm 667nm 

Climatology -0.0199±0.1104 -0.0163±0.0933 -0.0102±0.0703 -0.0056±0.0599 -0.0045±0.0566 -0.0008±0.0235 

T00F12F24 -0.0007±0.0415 -0.0005±0.0406 0.0009±0.0368 0.0037±0.0366 0.0042±0.0365 0.0010±0.0227 

T00F36F48 0.0012±0.0442 0.0011±0.0422 0.0014±0.0370 0.0026±0.0351 0.0029±0.0344 0.0008±0.0224 
Jan 

T00F60F72 0.0041±0.0528 0.0034±0.0489 0.0029±0.0409 0.0035±0.0375 0.0035±0.0367 0.0009±0.0238 

Climatology -0.0073±0.0539 -0.0056±0.0440 -0.0023±0.0302 0.0011±0.0227 0.0018±0.0215 0.0005±0.0104 

T00F12F24 -0.0002±0.0185 -0.0001±0.0166 0.0005±0.0137 0.0015±0.0123 0.0016±0.0118 0.0004±0.0066 

T00F36F48 0.0010±0.0221 0.0008±0.0195 0.0009±0.0156 0.0016±0.0138 0.0017±0.0133 0.0004±0.0072 
Apr 

T00F60F72 0.0025±0.0251 0.0020±0.0216 0.0017±0.0168 0.0018±0.0146 0.0018±0.0140 0.0004±0.0070 

Climatology -0.0042±0.0422 -0.0025±0.0340 0.0003±0.0223 0.0032±0.0168 0.0036±0.0162 0.0009±0.0055 

T00F12F24 -0.0010±0.0142 -0.0008±0.0119 -0.0003±0.0082 0.0001±0.0059 0.0002±0.0055 0.0000±0.0023 

T00F36F48 -0.0013±0.0185 -0.0011±0.0155 -0.0006±0.0105 -0.0003±0.0071 -0.0003±0.0066 -0.0001±0.0024 
Jul 

T00F60F72 -0.0022±0.0188 -0.0017±0.0155 -0.0009±0.0103 -0.0004±0.0068 -0.0003±0.0064 -0.0001±0.0023 

Climatology -0.0104±0.0615 -0.0072±0.0475 -0.0037±0.0319 -0.0017±0.0256 -0.0012±0.0239 -0.0001±0.0119 

T00F12F24 0.0016±0.0259 0.0013±0.0220 0.0004±0.0165 -0.0007±0.0141 -0.0009±0.0135 -0.0002±0.0105 

T00F36F48 0.0019±0.0291 0.0014±0.0243 0.0004±0.0178 -0.0009±0.0150 -0.0012±0.0143 -0.0003±0.0083 

WC 

Oct 

T00F60F72 0.0048±0.0503 0.0039±0.0412 0.0019±0.0279 -0.0000±0.0212 -0.0005±0.0196 -0.0004±0.0081 
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Table 13 Bias & Stdev for the Hawaii region 

Region Season Climatology 412nm 443nm 488nm 531nm 551nm 667nm 

Climatology 0.0011±0.0178 -0.0008±0.0097 -0.0005±0.0064 -0.0004±0.0059 -0.0004±0.0058 -0.0001±0.0019 

T00F12F24 0.0002±0.0065 0.0002±0.0052 0.0002±0.0033 0.0004±0.0032 0.0004±0.0031 0.0001±0.0010 

T00F36F48 0.0002±0.0056 0.0002±0.0049 0.0002±0.0034 0.0003±0.0036 0.0003±0.0035 0.0001±0.0013 
Jan 

T00F60F72 0.0003±0.0057 0.0003±0.0049 0.0002±0.0032 0.0002±0.0030 0.0002±0.0028 0.00004±0.0009 

Climatology  0.0013±0.0172 0.0019±0.0153 0.0022±0.0117 0.0030±0.0110 0.0030±0.0109 0.0008±0.0031 

T00F12F24 0.0001±0.0099 -0.000±0.0076 -0.0001±0.0051 -0.0002±0.0038 -0.0002±0.0036 -0.0001±0.0012 

T00F36F48 0.0007±0.0101 0.0005±0.0084 0.0003±0.0057 0.0001±0.0045 0.0001±0.0044 0.00002±0.0014 
Apr 

T00F60F72 0.0003±0.0123 0.0003±0.0097 0.0002±0.0064 0.0002±0.0046 0.0002±0.0045 0.00001±0.0014 

Climatology 0.0105±0.0572 0.0089±0.0469 0.0062±0.0329 0.0049±0.0239 0.0046±0.0220 0.0011±0.0084 

T00F12F24 -0.0087±0.0588 0.0004±0.0306 0.0018±0.02086 -0.0002±0.0129 -0.0008±0.0108 0.0001±0.0032 

T00F36F48 -0.0095±0.0605 -0.0001±0.0315 00016±0.0212 -0.0002±0.0133 -0.0006±0.0111 0.0001±0.0033 
Jul 

T00F60F72 -0.0098±0.0602 -0.0005±0.0314 0.0013±0.0212 -0.0005±0.0133 -0.0009±0.0112 0.0000±0.0033 

Climatology 0.0004±0.0135 0.0002±0.0103 -0.0000±0.0057 -0.0001±0.0029 -0.0001±0.0025 -0.0000±0.0009 

T00F12F24 0.0001±0.0017 0.0000±0.0014 -0.0001±0.0012 -0.0004±0.0021 -0.0004±0.0023 -0.0001±0.0006 

T00F36F48 -0.0001±0.0046 -0.0002±0.0038 -0.0003±0.0024 -0.0005±0.0027 -0.0005±0.0028 -0.0001±0.0007 

HI 

Oct 

T00F60F72 -0.000±0.0039 -0.0001±0.0032 -0.0002±0.0022 -0.0004±0.0027 -0.0005±0.0027 -0.0001±0.0007 

 
 

 

Table 14 Absolute Relative Error for Hawaii 

Region Season Climatology 
412nm 

(%) 

443nm 

(%) 

488nm 

(%) 

531nm 

(%) 

551nm 

(%) 

667nm 

(%) 

Climatology 0.09 0.09 0.08 0.30 0.49 5.66 

T00F12F24 0.05 0.05 0.05 0.15 0.23 2.46 

T00F36F48 0.05 0.05 0.05 0.17 0.28 3.23 
Jan 

T00F60F72 0.05 0.05 0.05 0.14 0.22 2.54 

Climatology 0.19 0.20 0.24 0.71 1.08 10.15 

T00F12F24 0.06 0.06 0.06 0.17 0.26 2.34 

T00F36F48 0.09 0.08 0.09 0.22 0.34 3.13 
Apr 

T00F60F72 0.11 0.10 0.10 0.21 0.30 3.79 

Climatology 0.96 0.91 0.88 1.87 2.62 25.28 

T00F12F24 0.47 0.28 0.30 0.64 0.83 10.11 

T00F36F48 0.54 0.34 0.35 0.69 0.88 10.48 
Jul 

T00F60F72 0.55 0.35 0.36 0.71 0.90 10.54 

Climatology 0.11 0.11 0.09 0.11 0.13 1.34 

T00F12F24 0.03 0.04 0.04 0.15 0.23 1.73 

T00F36F48 0.05 0.05 0.05 0.18 0.27 2.26 

HI 

Oct 

T00F60F72 0.06 0.06 0.06 0.17 0.25 2.21 
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Table 15  Absolute Relative Error of nLw for the West Coast 

Region Season Climatology 
412nm 

(%) 

443nm 

(%) 

488nm 

(%) 

531nm 

(%) 

551nm 

(%) 

667nm 

(%) 

Climatology 22.72 12.55 4.75 14.44 15.60 30.14 

T00F12F24 3.32 2.56 0.97 4.72 6.98 34.79 

T00F36F48 4.07 3.72 1.13 3.28 5.70 35.08 
Jan 

T00F60F72 6.37 5.66 1.54 4.66 6.35 40.90 

Climatology 7.75 3.69 1.34 1.09 1.32 9.05 

T00F12F24 1.98 0.85 0.40 0.46 0.60 4.88 

T00F36F48 2.55 1.05 0.52 0.58 0.76 5.78 
Apr 

T00F60F72 4.16 1.71 0.74 0.65 0.80 5.83 

Climatology 1.29 1.02 0.64 0.94 1.25 7.57 

T00F12F24 0.35 0.29 0.18 0.19 0.24 1.60 

T00F36F48 0.40 0.36 0.21 0.23 0.29 1.78 
Jul 

T00F60F72 0.40 0.35 0.21 0.23 0.28 1.66 

Climatology 6.35 3.23 1.28 1.97 2.55 11.49 

T00F12F24 2.27 1.54 0.40 0.61 0.85 5.26 

T00F36F48 3.31 2.19 0.54 0.70 0.95 6.18 

WC 

Oct 

T00F60F72 5.29 3.34 0.99 1.15 1.38 8.65 

 

Table 16 Absolute Relative Error of nLw for the Gulf of Mexico 

Region Season Climatology 
412nm 

(%) 

443nm 

(%) 

488nm 

(%) 

531nm 

(%) 

551nm 

(%) 

667nm 

(%) 

Climatology 10.76 3.16 1.06 1.24 1.54 17.82 

T00F12F24 2.33 0.76 0.38 0.64 0.84 8.64 

T00F36F48 2.89 0.93 0.44 0.61 0.77 8.78 
Jan 

T00F60F72 2.72 0.86 0.46 0.74 0.95 10.04 

Climatology 5.67 3.19 1.34 1.65 2.16 29.38 

T00F12F24 2.41 1.35 0.71 1.03 1.39 18.22 

T00F36F48 2.59 1.64 0.74 0.94 1.28 16.52 
Apr 

T00F60F72 3.33 1.82 0.76 1.00 1.30 23.21 

Climatology 0.90 0.64 0.44 0.58 0.72 5.32 

T00F12F24 0.58 0.40 0.27 0.41 0.58 4.30 

T00F36F48 0.88 0.56 0.38 0.51 0.67 4.68 
Jul 

T00F60F72 0.89 0.59 0.39 0.51 0.65 4.69 

Climatology 8.21 2.52 1.19 1.54 1.89 13.12 

T00F12F24 7.13 1.53 0.65 0.74 0.96 5.65 

T00F36F48 9.01 1.91 0.86 0.96 1.19 7.44 

GM 

Oct 

T00F60F72 9.35 2.21 1.01 1.12 1.34 8.66 
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Table 17 Signed Relative errors for NE region 

Region Season Climatology 
412nm 

(%) 

443nm 

(%) 

488nm 

(%) 

531nm

(%)  

551nm 

(%) 

667nm 

(%)  

Climatology -1.19 1.75 1.22 3.81 6.66 20.56 

T00F12F24 0.20 0.69 0.60 1.83  3.24 9.89 

T00F36F48 1.44 1.71 0.86 2.29 3.90 11.63 
Jan 

T00F60F72 1.12 2.67 1.12 2.70 4.34 14.05 

Climatology -8.23 -1.18 -0.20 0.90 1.45 14.43 

T00F12F24 1.20 0.64 0.34  0.39  0.50  4.43 

T00F36F48 2.10 1.16 0.36 0.31 0.37 3.99 
Apr 

T00F60F72 0.69 1.13 0.24 0.16 0.18 3.70 

Climatology -2.94 -1.21 -0.50 0.20 0.60 5.71 

T00F12F24 1.29 0.52  0.34  0.38  0.48 4.13  

T00F36F48 1.08 0.53 0.33 0.29 0.38 4.05 
Jul 

T00F60F72 0.88 0.46 0.27 0.24 0.31 3.52 

Climatology -12.97 -2.60 -0.87 -1.09 -1.13 -7.07 

T00F12F24 1.60 0.88 0.14 -0.05 -0.07 0.66 

T00F36F48 2.35 1.17 0.23 0.03 -0.01 1.03 

NE 

Oct 

T00F60F72 1.30 0.54 0.11 -0.08 -0.13 0.40 

 
 

Table 18  Signed Relative Error for CY05 region 

Region Season Climatology 
412nm 

(%) 

443nm 

(%) 

488nm 

(%) 

531nm 

(%) 

551nm 

(%) 

667nm 

(%) 

Climatology -7.29 5.43 7.84  10.05 12.00 24.01 

T00F12F24 4.62  6.19 1.80  2.18 2.53 1.65 

T00F36F48 7.72        8.72 2.51 3.16  3.58 11.10  
Jan 

T00F60F72      7.87 9.07  3.63 4.75  5.35  25.28  

Climatology -6.81 0.25 -0.53 -0.19 -0.06  2.32 

T00F12F24 -0.53  0.79  -0.001 -0.10 -0.14  1.75 

T00F36F48 -1.71 0.90  -0.04  -0.20  -0.16  1.36  
Apr 

T00F60F72 1.45 1.44 0.02  -0.29  -0.30  2.73  

Climatology -20.30 2.61 0.24 0.61 0.93 3.15 

T00F12F24 8.74  4.04 2.00  1.80  2.02 15.57 

T00F36F48 7.95 6.04 2.22 1.87  2.09  14.07  
Jul 

T00F60F72 5.89  5.42  2.01  1.70  1.89  11.96  

Climatology -26.49 -1.41 -0.26 -0.39 -0.33  3.23  

T00F12F24 12.72  5.14 0.84 0.28  0.18  0.53  

T00F36F48 10.25 4.94 0.61  0.03 -0.07 -0.37 

CY 

Oct 

T00F60F72 4.46  2.42 0.34 -0.07  -0.05  0.57  
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Table 19 Signed Relative errors for Hawaii region 

Region Season Climatology 
412nm 

(%) 

443nm 

(%) 

488nm 

(%) 

531nm 

(%) 

551nm 

(%) 

667nm 

(%) 

Climatology -0.06 -0.05 -0.04 -0.11 -0.18 -2.28 

T00F12F24 0.01 0.01 0.01 0.09 0.15 1.76 

T00F36F48 0.007 0.009 0.014 0.06 0.10 1.39 
Jan 

T00F60F72 0.01 0.01 0.01 0.04 0.07 0.71 

Climatology 0.06 0.09 0.16 0.65 0.99 9.27 

T00F12F24 0.003 -0.001 -0.001 -0.04 -0.07 -0.24 

T00F36F48 0.03 0.02 0.02 0.02 0.04 0.66 
Apr 

T00F60F72 0.01 0.01 0.02 0.04 0.06 0.93 

Climatology 0.43 0.43 0.46 1.09 1.57 13.61 

T00F12F24 -0.34 0.03 0.14 -0.02 -0.21 3.61 

T00F36F48 -0.37 0.01 0.13 -0.002 -0.17 4.18 
Jul 

T00F60F72 -0.39 -0.01 0.11 -0.06 -0.25 3.48 

Climatology 0.01 0.01 -0.001 -0.02 -0.04 -0.24 

T00F12F24 0.01 0.005 -0.01 -0.14 -0.22 -1.57 

T00F36F48 -0.01 -0.01 -0.03 -0.18 -0.27 -2.06 

HI 

Oct 

T00F60F72 -0.01 -0.02 -0.03 -0.17 -0.25 -2.09 

 
 
 

Table 20  Signed Relative error for West Coast region 

Region Season Climatology 
412nm 

(%) 

443nm 

(%) 

488nm 

(%) 

531nm 

(%) 

551nm 

(%) 

667nm 

(%) 

Climatology -17.98 -6.95 -3.14 -10.09 -8.03 -2.08 

T00F12F24 -1.43 0.79 0.62 4.45 6.74 34.21 

T00F36F48 -0.91 1.92 0.75 2.06 4.60 33.10 
Jan 

T00F60F72 1.59 3.46 1.13 4.35 5.89 39.06 

Climatology -4.18 -3.21 -1.57 2.70 5.18 5.86 

T00F12F24 0.98 0.42 0.22 0.33 0.48 3.99 

T00F36F48 1.74 0.66 0.32 0.39 0.53 4.26 
Apr 

T00F60F72 3.41 1.38 0.55 0.44 0.53 3.61 

Climatology -0.33 -0.23 0.12 0.68 0.97 6.67 

T00F12F24 0.003 0.02 0.01 0.03 0.05 0.52 

T00F36F48 -0.04 0.003 -0.05 -0.04 -0.05 -0.01 
Jul 

T00F60F72 -0.10 -0.05 -0.07 -0.06 -0.08 -0.05 

Climatology -3.68 -1.58 -0.67 -0.85 -0.92 -0.61 

T00F12F24 1.09 1.15 0.15 -0.12 -0.24 -0.02 

T00F36F48 2.12 1.56 0.20 -0.17 -0.34 -2.98 

WC 

Oct 

T00F60F72 3.19 2.45 0.46 -0.02 -0.18 -2.81 
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Table 21 Signed Relative error for the Gulf of Mexico region 

Region Season Climatology 
412nm 

(%) 

443nm 

(%) 

488nm 

(%) 

531nm 

(%) 

551nm 

(%) 

667nm 

(%) 

Climatology -9.82 -2.18 -0.69 0.02 0.60 12.15 

T00F12F24 -0.56 -0.22 -0.05 -0.03 -0.01 -0.86 

T00F36F48 0.08 0.20 0.15 0.24 0.35 4.35 
Jan 

T00F60F72 0.21 0.11 0.13 0.20 0.25 4.74 

Climatology -3.74 -0.59 -0.28 0.26 0.63 -1.36 

T00F12F24 1.31 0.96 0.50 0.81 1.12 16.41 

T00F36F48 0.83 1.03 0.40 0.56 0.79 11.44 
Apr 

T00F60F72 0.45 1.08 0.45 0.72 0.99 19.63 

Climatology 0.12 0.06 0.05 0.09 0.17 2.49 

T00F12F24 3.23 0.23 0.11 -0.13 -0.25 -2.33 

T00F36F48 0.54 0.35 0.18 -0.01 -0.13 -0.87 
Jul 

T00F60F72 0.60 0.39 0.20 0.04 -0.08 -0.21 

Climatology -2.19 -0.85 -0.67 -1.01 -1.22 -7.03 

T00F12F24 5.99 1.03 0.32 0.02 -0.11 0.01 

T00F36F48 7.75 1.32 0.45 0.21 0.12 1.83 

GM 

Oct 

T00F60F72 7.82 1.46 0.51 0.37 0.34 2.51 
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Figure 1 CoastWatch region boxes used in the study were the Northeast, Gulf of Mexico, West Coast 
and Hawaii 
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Figure 2 Ozone for the Gulf of Mexico region 
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Figure 3 Ozone for the Northeast region 

OZONE masked WC05 Abs Diff
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Figure 4 Ozone for the West Coast region 
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Figure 5 Ozone for the Hawaii region
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WIND masked GM05 Rel Diff
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Figure 6 Wind Speed Relative error for Gulf 

of Mexico region 
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Figure 7 Wind speed Relative error for North 

east region 
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Figure 8 Wind speed Relative error for the 

West Coast region 
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Figure 9 Wind speed Relative error for the 

Hawaii region 
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Figure 10 Water Vapor Relative Error for 

Gulf of Mexico region 
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Figure 11 Water Vapor relative errors for the 

North east region 



 43

WATER VAPOR masked WC05 Rel Diff
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Figure 12 Water Vapor Relative errors for the 

West Coast region 
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Figure 13 Water Vapor relative errors for the 

Hawaii region 
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Figure 14 Pressure relative errors for Gulf of 

Mexico region 
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Figure 15 Pressure Relative errors for the 

North east region 
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Figure 16 Pressure relative errors for the 

West Coast region 
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Figure 17 Pressure relative errors for the 

Hawaii region 
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Figure 18  the stdev of wind speed differences 

in the Ancillary data 
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Figure 19  Stdev of Atmospheric pressure 

differences in the various Ancillary data (GFS 

and NASA) 
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Figure 20 Stdev of the differences in Water 

Vapor 
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Figure 21 Stdev of the differences in Ozone 

values retrieved from GFS model forecast and 

NASA TOAST 
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CY05  & NE05   Chlorophyll Bias mgm-3 
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Figure 22  Bias of Chlorophyll product when compared with the NASA science quality stream. 

Climatology derived values are also shown in the same plot. 
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Figure 23 Standard Deviation of the difference is shown for various seasons along with that for the 

climatology product 
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Figure 24 Chlorophyll mean values for the different regions 
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Figure 25  Fractional difference or relative error is shown for the three model forecast data and 

climatology processed Chlorophyll product.
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Figure 26  Bias of nLw for CY05 region 
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Figure 27 Standard deviation of nLw for CY05 region 
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Figure 28  Relative Error of nLws for CY05 region 
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Figure 29 Bias of nLw values for NE05 
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Figure 30 Standard deviation of nLw derived values for NE
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Figure 31 Signed Relative Differences for NE
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Figure 32 Absolute Relative Errors for NE05

 

 

Figure 33 Chlorophyll concentrations for the Northeast region are shown here for the four seasons, 

same as in the previous figure. The bottom row is for NCEP-GFS model data used as Ancillary for 

processing.  
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Figure 34 Chlorophyll concentration images for the four seasons Jan, Apr, Jul & Oct (Left-to-Right). 

Top row: Climatology for Ancillary data, Middle: NASA science quality Ancillary used, Last row: 

NCEP-GFS Ancillary used. 
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Figure 35  Climatology processed differences in Chlorophyll for all four seasons (Jan-Apr-Jul-Oct) in 

clockwise arrangement. The range is [-1.0, 1.0] in Chlorophyll units of mg m-3.  

 

 

Figure 36 NCEP GFS T00F18F30 forecast processed Chlorophyll differences for the four seasons. 
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Figure 37 NCEP GFS T00F42F54 forecast processed Chlorophyll differences for the four seasons, 

same as above. 

 

Figure 38  NCEP GFS T00F66F78 forecast processed Chlorophyll differences for the same seasons 

shown in previous figures 
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Figure 39 Time series of the mean value of Chlorophyll differences when using Climatology for 

Ancillary datasets. The y-axis range is [-0.6, 0.6] 

 

 

Figure 40 Time series of the mean Chlorophyll differences calculated for all the valid pixels of final 

product, when using GFS NCEP Ancillary compared with when using the NASA Ancillary dataset 

for the North east region for all four seasons. 
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Figure 41 Time series of the differences for nLw551 values for the four seasons Jan, Apr, Jul, Oct 

(columns) and three increasing forecast lag (rows) from T00F12F24, T00F36F48 to T00F60F72. 
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Figure 42 Time series of the mean differences for nLws 443,488,531,551 nm for the month of January 

using T00F12F24 GFS forecast 

 

 

 
Figure 43 Day 106 MODIS data granule processed using Climatology for Ancillary on the left and 
NCEP GFS Ancillary on the right. The left image has many more pixels masked out 
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Figure 44 Day 106, 2009 rhos_869 image shows the region where pixels are getting masked close to 
the threshold value of 0.027 used in the cloud mask algorithm.  

 

 
Figure 45 Wind speed difference (CLIMA - OBPG) for day 106, 2009. 
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Figure 46 Pressure difference (CLIMA - OBPG) for day 106, 2009. 

 

 
Figure 47 Ozone difference (Clima - OBPG) for day 106, 2009. 
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Figure 48 Difference in the rho_869 values between Climatology and NASA is shown. There is no 

apparent pattern which matches the cloud masks seen in the climatology product. (ref fig 44) 

 
 

 
Figure 49 delta rho_869: rho_869 - 0.027. This shows the regions where the reflectance is above the 

threshold value for cloud flagging. All values above zero will be flagged as cloud. 
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Figure 50 Sun glint radiance tLg_869 when using Climatology for ancillary data 

 

 
Figure 51 Sun glint radiance tLg_869 when using NASA definitive Ancillary data 

 

 
Figure 52 Difference tLg_869:  Clima – NASA. This shows for coastal area the glint correction is 

higher when using NASA ancillary with higher wind speed values compared to Climatology. 
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